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Studies on the Method of Producing

Radiographic 170Tm Source

sho MAEDA

Application and Development Section

Radioisotope Center, JAERI

( Received July 15, 15706)

A method of producing radiographic 1707y source has

been studied, including target preparation, neutron irradiation,
handling of the irradiated target in the hot cell and source
capsules. On the basis of the results, practical 170Tm radio-
graphic sources (29~ 49Ci, with pellets Fmm in diameter

and 3mm long) were produced in trial by neutron irradiation

with the JMTR.
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Fig. 1 Decay scheme for 170Tm
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Table 1 Thermophysical properties of thulium oxide and metal

Tm203 Tm
Structure To 2550°K: Body-centered , { Hexagonal, a=3.5375§
cubic, a=10,482A C=5.5546A

To melting: Hexagopal, o
a=3,78A c=6.04A

Density, g/cm? 8.884 X-ray 9.318, X-ray
Melting point, °K 2650 * 25 _ 1818 + 5
Boiling peint, °K 4420 + 300 2005
Heat of formation, -451.4 4.025
Kcal/mole, 298°K
Heat of wvaporization, 748.3 59.1
Kcal/mole, 298°K
Vapor pressure, atm log P=7.37 - %%gg?— log P=2.24 - ﬁi;gf
4.2x1072 (at 2000°K) | 8.7x1073 (at 1500°K)

ERMBUEG NS, KRB EDBRAE R L LU F REHE 2,

_3_



JAERLI-M 6663

Fhe@B V) osid, BETE(SETEBAY ) D LA4EB L L TELN, BEEBL Y EILE ¥
SNVEDEOEHWLDTE Y ANMCIAEREBRELAYICBNT 2 v 2088 E UTR
ALTL 2D, 2 2 LI NsE L3 LE -—DE VT EBEHH TS0 "2 Tal 71,0066
~129MeV } BER L, " ToRFATRTABACHEGRE L CERAT 2. 25102
VU U LEER. MLT 23 RRERER, BERNAETHEL, #AREOCRL TH, HATS
B0 LAEROED o BEDHL A —h—d i ol

GBVY vLE, BEII (g e’ ) T, BILY ) T LOBHREES3 (g /e’ ) L O KX
o BB ELENLTRELIEE: LU " TmDr «XBIELALF —THB fod i
BATCOHCREEK &, BEEEZHLIBEBELU LA LTH, BRENCZF 4 F -DF
WX RS ZHEMEICEMT 5 C L0, 4T LHRVERIBE LAV T TmREDR
B3, BEEEL OO LABAAGORBELRACAEOREZX, LR EAL SHIC
WEOAKXITIREXEY, BE—BAEHAOESIEH25 g/ cm’ { 3mm)pER & IR A
Thbe LIDoTLEY ) U aEs -4 v VICAOCTHREEEZKEC LTLEL DL
FTEo

122 BV UYL |
Bib s 7 aid, A 23800, HA4200CTHY, B Y 74 iClhE L THANEE
BEDSKE Vo F oMl & K<, MENEOGABRNEETH S0 FE GHE 99.9% OTMEROD
BANETDEIEM CE L0 MRERA LA A TMERE L, BEIF CHEET 5L, TEDFE
ROXLy P TE bo ERICEDBLIBALY ) V4L y F OBEEIGS (g/ )T
HO, EBY Y 7LD FTARKEE LT NS0 LOLIOEBEOEEDETREHROHECE
BRERELNE V. ST, BREIEORMAERTLE, 2 -7 v b & LTHRERILY
) LS EBRbNSe

1.3 Bty ) vL~ry O#EE

131 BB ELUBER

L3111 E

FEE 999D Y ) YABKRE, Fig2 iZRT 37TmmdX37mmdD 24 2E3H 0, 3§
1500kg, e DEATHMERME Uit CHABKIPTIS00C, HIRHEMLEL., 51
EElEFE { Fig3 ) ©2200C, 1 he B Uice DEELTTNR O OIX, GRFPTERT S
EVDAY FY) VI REBCTARHTHDo

1312 HELEE

BALY U O LGRS A R CHAE BT, <o FObEBIEL 55 (g et ) RETY &
Bh. BERE #3508 (g am® ), THE 3 mmoX 3mmiZ?i b0 3R HE O T O NL
TR A TR 212854, RERAMSOLIEBECRENEELEZQ30OT, NEHIBE
BB EEOEANT TR TH S0 Tab 213HMEEHLEZLEEDOVy VEEDOEMEIRT.
Figd BLUTFigbsi22200C. 1 he BRLABEY ) 74 2Ly FOABEE S LU
MEEHTH 50 |



. sieTTed @prxo wntnyi 8®yj Burssoad a0y 19s 21 7 814

S319[2d 2PIXC WNLNY3 SUTILIUTS
103 PSSN SOBUARI DTA309T2 ainjeiasdwsy yl3ty ¢ -Jig

JAERI-M 6663

&
o g Iy 8w

e B
EE %

& =

wos &
3

Bk g

P




JAERI—M 6663

Table 2 Relation between Density of thulium oxide pellets
after sintering and sintering tondltlons o

Sintering - - 8ize Weight Density
condition {mm) {mg) (g/cma)
2000°C 3.3¢ % 3.4 208.1 7.16
1 hr 3.3¢ % 3.5 212.9 7.11
Average, 7.13
2100°C 3.254 x3.55 210.3 7.14
I hr 3.2¢ % 3.75 209.9 7.30
Average, 7.22
3.15¢ % 3.65 206.2 7.91
3.15¢ % 3.6 205.9 8.01
3.15¢ % 3.9 202.9 7.29
3.15¢ x 3.8 206.6 7.62
2200°C 3.18¢ x 3.28 201.8 8.62
1 hr 3.1¢ x 4.0 211.5 7.43
3.15¢ x 4.0 210.8 7.38
3.23¢ % 3.6 209.0 8.08
3.154 % 3.8 212.1 7.82
3.1 x 3.65 206.1 7.94
Average, 7.81
2250°C 3.14 x 3.3 201.0 8.07
1 hr 3.14 x 3.3 202.4 8.13
Average, 8.10
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Fig. 4 Thulium oxide pellets aged 2300°C for 1 hour




JAERI—M 6663

1.3.2 BERES

BT D XN, BROMEICERT 24 EMH B 2200COFET Y » MERES
CLTHRAEEME R, 2 v/ ATy, BVALBLUS 77 74 MEIETHA TDID
AU A THSES, —~EEMHEHCEL 2. LB L2200COERTTRLY V74
CHEEMIEL L. BRBRICL T, BV U T L Ry PHBE Y ANTHERENL S O
Bty UL 2Ly bABPETRETSE, VO TmOE 0™ Ta (FEM1I58, B
0.0 66~129MeV) HEMSINSo
mgﬁﬁﬂyﬂww7£ﬁf2mmt,lﬁ@%ﬁbt@%VUﬁb°4Vyb®ﬂ¢ﬁ?
BHED 7, XBIArE— 227 bATHEH. W TaDr B~ 7855080 Tm
D1, XEICH~ATRMICIZSE Y, ERERCANIES, TirF—0&H0 " Ta 744
Dlipit. FELEORMBEICE S0 Fig 7T Ta THELL T Tn#FE 2 amEED
MBRBEANTEED T, XBRAZ PrviART. BRICANIGEG. T oL — DEWT
TR OBRENRHFHHICAEL o TS T tisbirbo

557 v 4 MEERICBONTERIEY Y v LA BTL, YUY AESET S b HANHS
ey ) o LR T Rl B AT Do COEICTTT 74 PEEBICANLE, R
B Y U Y LG T A CEICiEE DT, BEREGL LCiRERTE 0. BhERAT
B AT HERENARMEREICE. FIALERCEOLTS, T TniRBOHE
1D 6D e LictinT, BV T AT VABRILY VUL Uy MEKOBFEE LTH
WAEAE. B VI RTFYAAL Yy PIBALTOGER EE LoBALN. KL, BHOD
%%,@mvu¢L~&Vyr%%ﬁ%ﬁ&?a@%mﬁﬂmu,9V¢z%y(£%m§d
{DFBREE YT RFY s T4 ¥ —CFig BIGRT L DU NRY » FEESTHEAT L&
W) BEEE BN e

R T

Fig. 8 Tangsten basket used for sintering of
thulium oxide pellets
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Table 3 Comparison of theoretical and experimental values of

radicactivities of the 170Tm source produced by neutron
irradiation of thulium oxide and metal targets in JRR-2

170 :

Target Size Welght | Neutron flux | Irradiation m yleld Experimental
material (mm) (mg) (ci? sec™l) time Theoretical | Experimental | Theoretical

170.6 | 2.4 ci 2.4 ¢4 1.0

172.7 2.5x1013 288 hr 2.4 ¢1 i 2.6 Ci : 0.92

Tm 3.04%3.0 172.8 2.4 Ci 2.6 Ci 0.92

1754.7 3.7x1013 20 min 4.4 mei 6.2 mci 0.71

172.6 5. 01013 | min 0.25 mci 0.29 mci 0.86

TmpO3 3.24x3.2 181.2 0.26 mCi 0.27 mCi 0.96

24 JMTRHEBH»IS=L
241 f& &

JRR—2 TREZHBHTIEER, Tricyrdhd £ F Ly OEELEHI T L iE
Ag 40, JMTRDIGGR, PRETRBEE v k<, B ok OT, ME 172 vig
FULOBBLINTH S,

Figll BLUFigl2 QIMTRTELY ) Th s XLy bARBETALHOHTEATH
o ABREZ3mmO 7L =94 (28) 280, LSid~0 v L B@IPTT - 7HET
HAT B0 BB F - FiL, T =AML S KOLEET 60T, - 0LCEiy )
Tt Ny PETNL 20 L AR —F R ED L TROHLE T I v IR EZ 8%
ANBHTH L Al -~ 1T HOFCEBE YY) 7 h e Ly FE~8EANS CENTE
H5DT, MEA7 V1 EHT20~30EDELYY 74 s=Lvy tOBEBTETHS, HEH
AT RN AZTRTT NI 2T 6s LicdDlt, BHEOKEESGHE CRETLIL, B
CHEORNC &, BLY V0L EEEHIC L LIS &, BENABEETHLC L, B
BEOUMBEHIERTHA LN EDRDOTH L, BFREIH T Lt d ORI Fic &
DHERINITHHEOREL T D7/, 2HAMBEOSHNMNA L -THhy b LR THT +
Ve ho A —FHWTEEZUH L, ATOREZWMO 9,
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Fig. 12 Photograph of JMIR irradiation capsule for thulium
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Fig. 21 Handling of 70Tm,05 Fig. 22
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Fig. 23 Automatic welder for the Fig. 24 Sectional view of the !7°Tm

170Tm source capsule in use source capsule weld
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Table 4 Thulium oxide pellets used for irradiation in JMIR

Sample number Size Weight Density

(mm) (mg) (g/cm)

1 2.85¢x3.15 169 8.36
2 2.90¢%3.25 168 7.83
3 2.95¢x3.27 171 7.70
4 3.104%3.40 . 168 7.48
5 2.95¢x3.30 168 7.47
6 3.126x3.27 204 B.16
7 3.12¢%x3.27 207 8.28
8 3.104x3.25 207 8.45
9 3.104x3.30 209 8.40
10 3.124x3.30 209 8.30
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Fig. 30 JMIR irradiation capsule cutter

1707 radiographic source produced
"by neutron irradiation of the thulium

31

Fig.

oxide pellet in JMTR; (a) top view,

(b) side view

Fig. 32 X-ray radiograph of the 170rp radiographic source
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Table 5 Radioactivities of 17°Tm radiographic sources produced
by neutron irradiation of thulium metal pellets in JMTR

Weight of

thulium pellets Experimental Theoretical

30.6 (Ci)
30.1
30.1
29.6
172+ 5 mg 29.4 33.5 Ci
29.4
29.4
29,2
29.2
29.0
(Average} 29.6

Table 6 Radicactivities of !70Tm,0; radiographic sources produced
by neutron irradiation of thulium oxide pellets in JMTR

Eiiﬁztp2f1§?§1§¥$> Fxperimental Theoretical
169 (mg) 40 (Ci) 47 (Ci)
168 40 47
171 41 48
168 39 47
168 39 47
204 47 55
207 L8 56
207 49 56
209 49 56
209 48 56
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