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Transuranium Elements by Using the Photodisintegration

“Takashi Nakamuraﬁ<

Akira Yamadera ™

Takeshi Kase
Seiichi Shibata %

Abstract

For a contribution to the feasibility study of incineration of nuclear waste materials

which transmutes the long half-life transuranium and fission products such as ® Sr and *'Cs
into the short half-life or stable radionuclides, we studied the transmutation using the
photonuclear reactions from the bremsstrahlung radiation. The bremssirahlung radiation
was produced from the platinum and depleted uranium converters bombarded by 20 and 30 MeV
electron beams from the electron linac, and was irradiated to 2*®U and *'Np samples.
The cumulative mass yield distributions of radionuclides produced by (7, n) and (7, ) reac-
tions in the irradiated samples were observed and the amounts of nuclear transmutation of the
original nuclides were estimated from the distributions. This study gives the first experi-
mental results on the amounts of nuclear transmutation due to photofission reaction in
absolute values, and the experimental results show good agreement with the calculated results
based on the photofission cross section data.

The incineration using photonuclear reactions has a great advantage that the electron
energy is so low as several tenth MeV and the cost for consiruction and operation is rela-
ively low, since it uses the giant resonance. This study will be a useful piece of the

basic data for the development of the photonuclear transmutation.

Work performed by Cyclotron and Radioisotope Center, Tohoku University under contract with
Power Reactor and Nuclear Fuel Development Corporation

PNC Liaison : Ichiro Amano (Waste Management Planning Section)

3#  : Cyclotron and Radioisotope Center, Tohoku University

3#6% : Institute for Nuclear Study, University of Tokyo
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Physical .Charactéristics of flux monitor foils, catcher foils
and target foils
Experimental conditions and the measured values of bremsstrahlung
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Measured values of activation rates of photofission and photonsutron
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Partial and total photonuclear cross sections ¢( 7, n), ¢(7, 2n),
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Plan view of the electron linac facility of University of Tokyo
and experimental arrangement
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Fig. 5 (aflb) Example of the analysis of gamma-ray spectrum from the pure Ge detector

Fig. 6
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Fig. 10

with the KEI-11EF computer code

Measured peak efficiencies of the pure Ge detector at three source
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Photonuclear cross section of Au(7, n) ' Au ®® and the bremsstrahlung
spectrum of thin platinum target bombarded by 20 MeV electrons calculated
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Mass yield distribution of fission‘products in Experiment 1
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Mass yield distribution of fission products in Experiment 2
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Mass yield distribution of fission products in Experiment 4

(20 MeV bremsstrahlung from U on #*U)

Mass yield distribution of fission products in Experiment 5

(20 MeV bremsstrahlung from Pt on #U)

Mass yield distribution of fission products in Experiment 6

(20 MeV bremsstrahlung from Pt on *'Np)

Decay of induced radioactivity after irradiation in Experiment 1
(30 MeV bremsstrahlung from Pt on #%U)

Decay of induced radioactivity after irradiation in Experiment 2
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TABLE 1 TF4AND~FE

RRES 281 KX E 2 KER 3 xR 4 KRS RER 6 BT ERS
AuT x40 0021.5 0022.0 0022.4 0023.0 0022.0 0022.1
CIT#4N 0104.3 0104.9 0102.6 0102.1 0103.8 0104.3
AlT7x40 (E) 0017.3 0016.4 0017.4 0016.8 0016.0 0015.9 0016.7 0016.1
Al7+40 (HE) 0001.8 0001.6 ? 0001.8 0003.1 0003.3 0001.6 0003.1
AL T7x40 (BF) ? ? 0015.9 0016.9 0016.5 0016.90
U7 x4N 0071.7 0069.7 0048.2 0080.7 0049.4 0049.4

B mg
BEOI734NELE2TERI2.TonTH 5,

NpT7 A LT EEITandO N i RO LW EHBRHI2. TomT99.35 D23 " Np 2 EX5028/cn?T— W (—&EH1078
M) BELRZDOTSH 3, 23" N p OIS EEL0.0432£0.0009CiTH B,

U7 % 4L099.959% 1233 U MBULBEZI2.Tan. EX0.025mm0LEYS Y TH 3.

Pt 744N GEZI12.7m. EX0.50mC 5 3,

UaN— Y EHEANDPSIEZI -T2 I L2 RVAEDOLAUERELULTEY. 20V EEUERT7. 8+ U
TRRLLTW S,



TABLE 2 BERIRMF&EFEROKHIE

BEFLxL¥— BFiE

AYN—F -5y b BEEE TR (reones™) *

Diotal & (>8MeV)
£B 1 30MeV 0.94pA Pt 238y ah 1.79%1012 8.88X 1011
B 2 30MeV 0.90pA  2%8Y 2387y 2% 1.24X10'2 2.26X 101!
£ 3 30MeV 0.9pA Pt 237N p % 5.76%X1012 1.06X1012
=B 4 20Mey 1.5pA 238U 238y 5h 9.56X 1011 1.10%10%t
B 5 20MeV 1.5uA Pt 238 9h 2.31X 1012 2.65X 1011
=B G 20MeV 1.5pA Pt 237N p ah 1.61X1012 1.83X 1011
% (8 R&VEDRLD,



TABLE 3 K%

ERRE [s71]
¥l ER1 w2 KE 3
85mK r 1.45X 105+£3.62X10% 2,29%X104+3.86X 102
87K r 1.86X10°+1.50X 104 4.49X104+£3.64X103 4.57X102+2.74X 10!
88K p 2.74X105£8.75X104 6.05X104+1.37%X 103 5.35X102+2,28%X 10!
88Rb .
Stgp 4.66X10°£1.22X 104 8.83X104+3.84X10°% 7.22X102+1.66X 102
2g r 1.66X105+£3.83X104 7.73X104+2.21%103 1.08X103+4.58%10!
QZY
83y B.17TX10°%£8.02X 103 9.96X104+1.11X104 1.78X103+1.45X102
887 r 5.88X 105+9.20X103 1.23X105+£2.68%103
SN b 1.OTX105+£1.78X 103 2.38X104£7.356%102 .
7Zr 7.72X10°+£9.68X10% 1.44X105£1.11X 104 1.40X103+8.76X 10!
°TN b _ B.656X104+1.60X10° 2.32X10%41.99% 10!
99M o 7.05X105£8.31 X103 1.42X105+1.24X104 1.44X%103+1.64%10!
103R u 5.06X10°+£4.83X103 1.11X105+1.41x103
105 R y 3.25X10°£6.37X10% 7.47X10%%£4.82X10° 8.22X102£5.88% 10!
105R h 7.97X104£6.88X10°
123 1 3.14X10'+4.18%10°
1278 p 1.62X104£2,75%103 5.98%X102+3.98X% 10!
128 g pn 7.95X1044£7.84X103 1.13X104+1.05%X 103 2.86X102+2.94X 10!
tzeg p 312X 10421.11%10% 6.16X102+7.46%X 10}
1297 ¢ 7.07X10%°£3.88X104
13im T ¢ 2.58X104£2.31 X107 2.00X104+1.83%103 5.23X102+4.94X 10!
13 2.88X10°£9.50X10° 8.22X104%1.21X10% 1.43X103+4.94X 10!
1327 ¢ 3.12X105+£6.94X10% 1.29X105+£2.74X 103 1,31%103+2.99X% 10!
1321 5.75X104+£2.80X 103 7.36X104+4,30X102 3.14%102+£2.39X 101
133m T o 4.07X104+1.93X10% 4.48X102+3.95% 10!
133 1 6.31X10°£5.75X10% 1.62X10%£7.51X10% 2.12X103+9.70X 10!
134T @ 1.72X105£5.49%103 1,02X103%1.20X102
134 1 1.06X10%+£5.21 X104 1.35%1041.01%103 3.38X102+2.25X 10!
135 1 5.73X105%£5.17X 104 1.59X10°+2.05X104 1.36X103+1.23X 102
135Xe
138C g 1.87X105+£2.23%10% 1.82X103+1.51X102
140 4 1.16X105£3.38X 104 1.27X105:+3.01X10% 1.98X103+1.71X102
1401, a 1.62X104£2.70 X103 8.47X103+7.39X102 2.05X102+2.58X% 10t
141 C e 1.45X10°£1.79X 103 8.49X104%8.52X 102 1.49X103£5.94X 10!
1421, a 1.22X105+5.66X10% 8.46X104x4,10X10% 7.19%X102+5.50X 10!
143C e 1.31X105£1.08X 104 1.14X105%£4.69%103 1.26X103+3.08X 101
147N d . 4.38X104£7.86X102
149N d 2,73X104+£2.,22X103 3.54X104+1.09X103 4.98%102+£2.94 % 10!
151 pm B.89X104£3.58X103 1.57X104%£1.15X10% 2.54X102x4.98% 10!
23Ty 1.94X10%+£1.05X 104 2.73%X10%+1,09% 104 '




Table

3 HEm®

AL

E R

REKRA

[s~1]
KK

REK6

85mK r
87K r
BSK‘-
B8R b
'Q'I'S I
Qasr
92Y
93Y
QBZr
95Nb
977 p
QTNb
99Mo
103R y
105R g4
lOSR h
lZ?S n
lE?S b
1283 n
1295 b
IZQT e
lalmT e
131 I

132T e
132[

133mT e
1331
1'34Te
1341
135 j
136 ¥ o
138C S
140B a
140L a
1410 e
1421, g
1430 @
147'Nd
1'49Nd
lslpm
237 )

1.28%104+1.97X 102
2,61X104+9,28X% 102
2.52%104+5,42X10%

5.08X104+3.92X%103
4.16X104+8.86% 102

5.67X104+3.50X103
6.08X104+1.15X103
1.00X104+£3.05% 102

B.71X104£2.73%X103
2.16X104%1.05%X103

5.99X10443,29%X103
5.43X104£6.02X 102
2.78X104£3.45X 102
1.11X104£1.02X 103

3.33%X10%44.57X102

8.91X103+1.23X10°
2.83X103£3.35%102
9.01X103£1.78X103
B.31X104%£7.74X%103
5.20%X104+8,92X 102
3.50X10%+1.84X102
1.86X104+9.73% 102
6.71X104+1.89X10°
7.97X104+4.49% 103

1.09%10%+4.46% 102

5.81X104+4.,27X10°%

9.57X104+6.58X103
7.31X104+5.54X103
1.86X103%4.42X 102
§.19%X104:£3.68 X 10?
3.77X104+1.19X103
1.08%X104£2.56X103
2.26X104£3.80X 102
7T.39X10%+2,05X10%
7.13X103+5,83 X102
1.99%10%+1.46 X104

T.T7TX104+£2.29X103
9.58?(104:!:1.04)(104
8.84X104+1.91X103

1.28X 105 £6.73X 103
1.26X 105 £7.49X 107

2.32X105:£8.83X 103
2.32X 105 £3.71X 103
4.53X 107 £1.02X 102
2.66 105 £5.80X 10°
§.96% 104:£1.52X 103
2.58X 105 £1.05X 104
2.17X10%£1.99X 103
1.01X 108 £2.03X 103

1.54X 104+1.53%103
2.39X104£2.76 X 103
2.99%10%4+1.86X103
5.11X104£4.97X 103

2.25% 104:£3.57X 103
1.48X105£1.83X%10°
2.49X105+2.43% 103
8.66X103+4.92X102
8.06X109+3,82X103
2.71%X105+4,38%103
3.56X105+1.88% 104
3.59%104£2.80X103
2.88 X 105+3.59X 104

3.12X105+2.79% 104
2.73X 105 £1.69% 104
5.16X103+7.02% 102
1.70% 105 £1.21 X103
1.40X 105 £7.00X 105
3.60X105%3.71X10°3
8.72X104+1.11X 104

3.46X10449,65X 102

2,90X104+2,20X 103
6.07X10°+4.43X 104

1704><102:J:1.63Xi0°
1.37X102+86.61X10°
1.60%102%3.98X10°

4.62X102£1.11%X 10!
1.20X10%£6.89X10°

1.04X102£1.05% 10!

9.28X10'+1.56%10!
3.37X102+3.83% 10!
1.71X10%+2.34X 10}
3.80X102+5,43X 10!

7.34X10%2+£1.46X 102

4.38X102£3.30X 10!

8.42X10' +£7.52X10°




TASLE 4 @A iEORERE & HH RO R

H—ffy b aA2N-F BFIRLF— S—¥o | EE ET BIERE An (ges7l) Itk (RERIED FFH (s An/(mdS)
Eo(MeV) m (g) ERE HEE =RESIEE Awnm(s™) & -5(>8MeV)™* Lghy
X 1078 X10-18 x19°18 X 10718 X101t ¥10726
237N p Pt 20 6.13 (r, £) 3.28 2.00 1.65 53.7 2.32 23.1
30 6.13 (r, f) 11.8 7.87 1.50 192 13.5 14.2
238y P31 20 8070 {r. £} 1720 1870 0.92 21.3 3.37 6.32
(r. n) 2390 3140 0.76 20.6 8.78
30 7170 (r. £) 5060 4110 1.23 70.6 11.0 6.42
(r. n) (706)***6090 = — —
U 20 4820 (r, f) 438 463 0.95 9.0 1.40 6.49
(r. n) 783 779 1.01 16.2 11.6
30 6970 (r. £) 945 1060 0.89 13.6 2.87 4.74
(r. n) 1080 1550 0.70 15.5 5.40

* @3 & VR,
¥R S=(1.27/2)21=1.27 (cw?) : &¥—¥ v } OHE
XKEK F—Fo | OREHEBE O -2 ILELAT. PTUQY -2 iRNEESh k.
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PEAK WAS FDUND ( IHIH =1089 IHAZ =1064 COMPOHENT 1)
b PCH = 1080.650 CHANNEL

zzs DISTORTED GAUSSIAN FITTING IS5 FAILED, SO THE KORMAL GAUSSIAN FURCTION IS APPLIED ZxT

Ho PCR
37 1080.5681
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1072 65.
1073 50.
1074 1.
1075 58.
1076 2.
1077 46.
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1082 281,
1083 108.
1084 55.
1088 50.
1086 38.
1087 43,
1088 45,
1089 45,
1090 45.
1091 51,
1092 36.
1093 48.
1094 41,

-

0.036

CALCD DIFRHC

54, 4.
54.% 2.
54. 2.
54. 11.
54, =4,
S54e 3.
54. 4o
54. 18.
56. =-10.
83. -9,
209. 6.
435, 8.
488. -11.
282. -1.
104. 4.
51. 4,
44, 6.
44, -6.
44, “1.
44, i.
4% 1.
44, i.
44, 7.
44, -8.
44, 4.
44, -3,

e=r CHI SQUARE

Fig. 5
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44,
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Example of the analysis of gamma-ray spectrum from the pure Ge detector

with the KEI-11EF computer code
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IHAX =1027 COMPONERT 1)

1 PCH = 1015.880 CHARHEL

mzs DISTORTED GAUSSIAN FITTING IS FAILED, SO THE WORHAL GAUSSIAX FUNCTION IS APPLIED  =u=

HO PCH - AREA +=  FUHH 4= IH FCH NP ITR  ALPHA  PC1) P PN

33 1016.163  0.117 239. 38. 2.034 0.527 1004 1027 1 9 0.10 T7.S0ZE+0% 2.134E-01 :

CH MEAS CALLD DIFRHEC BKG -2 -1 0 +1 42 (SIGHA)
1004 59. 59, 0. 1 TR X . &
1005 61. 60. 1. 60. . Ix . He
1006 57, 81, -4 61. . 11 . + =
1007 78, 52,  16. 62. . 1 X . = .
1008 S6. 83, -7, 63. . 1 . + =
1009 68. 54, 4, 64, 1x . ® o+
1010 65. 66, -1, 66, X1 . +z
1011 69, 67. 2. 67. = IX . -2
1012 75, 59, b 69. i x . z 4+
1043 Tée T0. [ T0. . IX . 5 4+
1014 a3. T, 7. T2, . 1 x . Ia «+
1015 114, 118. -4, 73, . X1 . 1 +z
1016 186. 183. 1. T5. . Ix . 1 P
1017 144, 145, -1, 6. . x1 . 1 , "
1013 g1, 89. 2. 78. . 1x . 1 ze
1019 57, a0, -23. T9. .X 1 . + =
1020 71. 21. -10. 81, . X 1 . + 2
1021 80, 82, -2, 82. . X1 . + =
1022 3. 84,  -11. 84, . X 1 . + =
1023 84, 85. -1, - BS. . xI . 2
1024 87. 86, 1, B6s X . =
1025 90, ss. 2. B&. . 1x . T+
1026 93, av. 6 B9. . 1 x . = +
1027 108, 90, 18. 9. . 1 H . = *
zmz CHE SGUARE  9.1856E-01 ==z
(b)
Fig. 5 Example of the analysis of gamma-ray spectrum from the pure Ge detector

with the KEI-11EF computer code
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