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Research and development (R&D) on *’Mo production with the activation method ((n, y) method) have
been performed in the research/testing reactors under the international cooperation between JAEA and INP
(Institute of Nuclear Physics) in the Republic of Kazakhstan. The R&D items are the fabrication

99 .
d ”"Tc extraction

development of irradiation target, development and characterization of Mo adsorbents, an
development in this cooperation. In this study, the irradiation tests of the high-density MoO; pellets and
PIEs were carried out with WWR-K for the realization of *’Mo/*™Tc production procedure by the (n, v)
method.

High-density MoO; pellets were irradiated at the thermal neutron flux of 4.5%10"n/cm’*s for 24 and
48 h, respectively. After neutron irradiation, the irradiated MoQ; pellets were carried out the visual and
weighing as PIEs and the pellets were sound from the results. The irradiated MoOj; pellets were also
dissolved with 6M-NaOH solution at 100°C. The solution speed of the pellets at 100°C was faster than that
at 50°C and it was clear that dissolved temperature of MoQOj; pellet was important factor for the solution

/*™Tc elution tests were carried out with Mo adsorbents such as the PZC

speed. *Mo adsorption
(Polyzirconium compound) and PTC (polytitanium compound). It was obtained that the properties of
*Mo adsorption/”™Tc elution of these Mo adsorbents was equivalent in previous results. As these results,

the prospects are bright for the realization of Mo production procedure by the (n, y) method.

Keywords: *’Mo Production, (n, y) Method, High-density MoOs Pellet, Mo Adsorbent, WWR-K

This report is based on the results of “STC No. II-2 : Irradiation Technology of RI production” under the
Implementing Arrangement between JAEA and INP for Cooperation in Research and Development in
Nuclear Energy and Technology.

*1: Institute of Nuclear Physics RK
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1. F &

T JXEHRMRL & LTREMR DO THY . b Z<HWONLIBETH D, e (THEZFE
THD Mo ZME—DJFELE LTEREND, D Mo 1%, U O EFIA LIk g (L
T, (o, £) EERES) | BMo OHFETHIERIS AR LIzt ks (LLF, (@, y) EEFES)
FlLLEINDS, HRTHEHLTHND ™Mo iE (n, ) Bl EEINTZEOTHD, T
THADPLIASH TS, —J7, 2009 4EEIZIX, Mo BLERIFE IO T T AROT A AT v
RO KILMEKIT K D ZEEEEREFHSIC LD Mo O ALZNRE L2 Ebdb ot P, 2Dk
FSRERMND, [FUTF-99,/F 7 XF 7 5-99m DLEMIBOT-ODEEMRFIE] NS
., BBEOREMBICAT TZREIBBG S D & L biz, BIfETIE £ 77 0-99 g
E (AT Rty Eo IR QUEERENS P = I [ANATITp pat = Vi S oY A GAY I

MNAATBOEN A AR IFeBR SRS (LT, JAEA & PRS) KIEBFSERIE & v & — O IRUEFER
et 22—k, MEERERYE (Japan Materials Testing Reactor : LAF, JMTR & RESS) FA{#)
WPEDFIRERDO—BR & LT, IMIR W2 (n, v) IEIC K D Mo EFEIZEIT 2 HAfiBH 3 %
fToTW5 %9 (n, y) JBICED Mo ®iEix, (n, f) BicLpRGEL LT, il T
BThdZ b, MRTEREDRERZKB CE D LR EORERH D L L BT, PPu BNAERS
NTEEX2 T DBENPLHLELELEINTWS, LLeRE, Mo OEKREITVARLS, &
T EN D Te B O BESREIRE HIXW WD RENRH D, TDT2D, Mo EEE %<
TR DORS 2 —5 > FOBRFE, Mo Z IR R KAE TE DWAEAIDOBRFE K ORI &5 e
BT DTG REIR E % 210D 5 72 D OIRME T IE DO BRFE 7 & D BERHAMHFE 21T > T D, F—5
v FOBFE LTIE, BEBED Mo0y XLy kT8 % 10010 sl oBR E LT, ST
Ina=1 MtEY (Polyzirconium Compound : LA F. PZC & WEE) 12 13, 1415, 16) Jp 7 RAFEA =0 /5
FFH =7 :MEEY (Polytitanium Compound : DL, PTC & WEE) 17 18,19, 200 yldgas ok 7 R 7%
ELTUE, AT T Al b oz AnTEtm 2 2 2 2Bl 2 REtEAMThh T b,

ARG TIX, JAEA & Y7 2 & HFnE - EWEFSEET (Institute of Nuclear Physics RK :
LUF, INP &FES) L OEBEHDO—E L LT, (n., y) HEICXVEEELZ Mo 726 D *'Te
EFuv ZAOBEM LT D70, BB Mo0, L v~ ORRSERER K O Mo0, <L v k%
FAN 7= B 24 R R A 1T o T,

2. RBRFIE

2.1 EEE M0, XL v b OBVERK OREEAMR

AR T3 2 @B E Mo0, 2L v ME, 77 XA~BEfEED 9 b7 T A~ mliBeEits (LA
T, Ed-PAS {E &V 9) Ik 0 BlE Uiz, & Mo0, <L v MEEE (=L =27 2H Ed-PAS)
OB % Fig. 112, @ Mo0, _ Ly b ORUELAR % Table 112777, MoO, <L h DRUEIZ
FHVND MoO, BE%E K A 1T, KBS HIE T 80D RIRFINL (A LE 2 52 Mo, ¥y AR GRILEE + AN) 2 FHV 7=, MoO, ¥
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K ORNMMEZ Table 2 1R T, 728, RHPIHTIL ICP I HHEEE (AT AT A -
F 77 7w y—il SPS3000) | JETROLIMTEEE (ANiNA T 27 /) v o—X 7-5310) | A A
ruax N7 (FAFF7 A DX-120) | B3R - Wi o rdeiE (R5GRIERT EMIA-920V) KM UME
SMNRIRR G EEEE (BEERERT UV-1200) ZHWTITo 72,

el L7 MoO, By K %, BEREANCTRIE L7oth, T OB ZJIEEEICE Y b Lz, 2B, B
AE, 79774 NEAARDRT T 774 MR FDBREERESN TS, BEERZE Y ML K
REFHRUTISUNT 20kN THEMET 2 4RI, 7OV AEFAFII L, 530CE TKI 6 43T THIR
L7z, 5t 10 o3 FIORFF LBERS L7z, BERSHRIEL . BEREAL A 25 O IR0 Sh L, BEREHLD 5 MoO,
Ly MY H U7e, BERE L72 MoOy XLy RME Mo0; D—HREILENDZ b, Y UIT X
HACALER 21T o 7o, BERBRH OV MIREMTIZ LY ¢ 18X 10mm OFIRIZ Lz, Wi L
T TR E MoO; < Lk DRePERERIAH % Table 3127”7,

F o, PET BRI ERERIZ I RS D BB Mo0, XL N DVRMREA: A BT 5 12 O VR R
AT o Tz, MBI, SR MoO, <L v b (¢20X10 mm) 2 &% Y¥Efii L, Table 4 (27 3Bk
SAFICTHEME L7z, WAECHEAT 2 6M-NaOH ik IZ~ L > NE&ED 2.5 (em’/g) {58 4 Ml L 7=,
BRIX, Ay hAZ—F— (7 X7 8 HS-5BHSD) & HV, HEFRIREET, HWIRK U 50°CORMF
IBFECIT o 72, IAMRRERI OWEATICPE D IR G DAL o O IRRMETRE O A I L 0 IRk iE &
MR L. RIS D52 RE LT,

2.2 EEE M0, =L v kDORKHER

(i U 72 B8 FE MoO, X L hd, JABA [EBEERIC CTHaH O 7= O OFEIEHIE 21T - 7%, INP [ZHa
L. INPITH D WWR-K Z FHU N7z Fpih 7 FRERBR i L 7=,

FRETERBR I N D BB Mo0, 2Ly Rk 4 fHICHW T, 2 T H>RER T o FABICEA (CLF
Thehz, BEE 1 ROMGERE 2 LIES) L, Table 5 (SR MGG CHRST L7, MRS
AHEHT, XV T2V — - F xR EEHTN D RS FLIZT 4.9X10"% n/em® « s OFEHPEF-H TR
Sz, WEHUEE 11X 24 KR, PRERREE 2 13 48 BERIIRST L7271, =h2h 16 AR, 17 A
DG EIT -T2, WHEI%, REE 2 LFERBICR DAL, FERER (BB O Mo %
- e PHEERER) ZAT o7z,

2.3 BRREREHREBGE
2.3.1 BEEMO, Ly M DRREBRARFIE

FRATEREE 1 R OREEEL 2 2, Ay MEAWICERE ST A UIMHEIC & 0 BREF L, BTS2
B MO, <Ly &Y L7z, 7pds, BBV 1 22 B H0 tH L7 MoO, =L &3R8 1-1 K&
OSREE 1-2, BRESEUEE 2 20 B D H L72 Mo0, 2L v b &730RE 2-1 ROGEF 2-2 & L7=,

R %R E LT, BRIC K 24MBlBlEE, BT KB A HWZEENEAIT o7, £, 38 1-1
FOGREL 2-1 12 oW TIE, T2, 1 & Mo0, 2L v b ORWER ORI | CRE LT-IEfRSc
HaBEZIZ LT, BRRBRAIT >, BMRABRSM A Table 6 (O3, WM CHAT S 6M-NaOH
BRIT~ vy NEEOD 2.5 (en’/g) (5 REZHE L7, WMIX. Ry NAX—F =&\, ke
T, ) 100COBFRIRIE TIT o 7o, WREREBOBIZE L LT, BRI OMETTIZ L S RRIR G D%
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(bR OARIE IR DA T 5 3 7= VRFRIRIC OV T, Mo AR ELZ MG T A7, F0O—3
YooY 7L, Ge FE KM TS (Eurisis measures B EGPC30-185-R) % F Tl e fE
ZHE LT,

2. 3.2 Mo EHD *Mo W& + * Tc ERERBR T IE

Mo W45 " Te Y BERRBRIZAE -2 Mo VAR 2 B U 7o 0Bk 1-1 R OREL 2-1 2 ¥R L 72 9Mo0,
IR % 23 100 em® A A7 F A2 10 em® /3B L, ZBFHKIZTHR L=, T4 % Mo ¥
1RO Mo iR 2 & L, 24 O Z FIV T ®Mo g - ""Te BB 217 - 7o, RBRSiE %
Table 7 27”9,

(1) PiC

Mo #IE 1 K O Mo ¥R 2 % VYT PZC @ "Mo A « *"Te TR 217 > 72,

FREY L 72 “Mo ¥R 15em® J OV IM-HCL 0. Tem® 2 7 7 A8 =7 F 2 a~43H L, ZDOH~PIC 1g
UL, B L7-, Z0o=MA7 7 A a3% 90CICRE L fHIRZEET (Fisher Scientific H
Isotemp) C 3 KEMERIE L7z, & DL, Mo ¥k & PZC M08l 2% L 512 30 sk Lz,
3 Wit THIRWZIRERNO =M 7 7 A az it L, 5 2 Lic, Bumth. PZCIZRWAE D *Mo
Mo) ZBRET DTOIC, THT—va &7V, EBEAKARE L, S 5T, KR/K% ben®
FREINZ PIC Z¥E L., TOEBRRET H T —va X VRELE, ZoBEEZRELE
BHREDHY 50 em® 1272 5 F THUK LITo 70, 7235 AREETEUL U 72k & Perfik & 'E5, Bali i,
Mo (Mo) ZWHESH7-PIC &, AEKEMEHLT, K 7rL oy I AicHkE L CIF,
PZC #1751 XUF 2 EMES) | X, F T AZ@iE LR SR EDSK 41 en® 12785 L9
BLRNBDAToT, 7ok, AERETREIN S 2R Z SRR & RS, “"Te OEREORTHE(R & LT,
71T PCERBER & TR AR K 2K 9em® WiE L=, ZHuid, 7 AFEE TITAERK LT “"Te &
CREED Mo Mo) ZFRELALVT 4 v a2 DTDOEIETH D, PIC IZHE LT *Mo
(Mo) W EZHINT D720, PelfiR, FRHERKOVERBEKZGOEZH 0K 100 cn’ 76—
a7V 7L, SRR & Ge 8RR HARIZ & 0 JIE L7z,

7T LR & — BRI U725, ""Te OEBEZ1T - 7o, WHERIEIZ. PZC 717 LT LT,
PRBENE 22 Bem® X3 BRI L, BB L7z "Te Z2 il L 7o, 2 OWEERIEA S 612 1Al 24 BRI
1ToTz, ""Te VEEERZRD B 728, ""Te IS DO —H 2 7V v 7 UBEHREIRE & Ge Y-iE(K
FHEC X 0 IE Lz, £72. RAi & 725 Mo B4 ICP B EmiriE (AMETEK ¢ GENESIS)
IRV HEIE LT,

(2) PIC

Mo #IE 1 KO Mo ¥K 2 % VYT PTC @ *Mo A5 « *"Te HBEBR 217 > 72,

FHELL 72 *Mo (Mo) VAWK 15em® e OV IMFHCL 5. Tem® 2 4 7 A =7 T A a~43H L, ZDH~
PTC 1g ZUSIM LB LT, ZO=A7 7 A a% 90°CIZRE LIZHIRGZERF T 3 RefifRIE L7z,
ZFORE, Mo (Mo) ¥RHEE PTC 2372 Ude Xk 912 30 4ydo = |2k L7z, 3 R4, fHIREEEE S
AT I Az L, b SBBE Uiz, Bimtc. PTCITRAED Mo (Mo) ZFRET L7201,
TAT—arETV, ERARERE L, 51T, AKE Sen’ RN X PTC % ¥V L,
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D LERRET T —a AR VBRE L, ZOBEEZBRE LIZRIREIK 50 cn® il b
FCHOR LT 570, 7236, ARERECREIN L2k 2 BeiHR & RS, Tald#, Mo (Mo) W& SH -
PTC %, ZABKEMHL T, R e Lo ®A 722k L (BUF, PICH T A1 T2 LI
5 o FREZ, AT 2% @ LR SR EDK 41 en® 187200 KO LN biTo 72, i,
AREMETEIL SN TR & FIEIR & RS, ""Te OEBEORTE R & LT, U 7 LICHHEHK &[5 AR
BHKZER 9em® IR LTz, Ziud, 77 LFBE TITAER LT e KOEKREED Mo (Mo) %
PrELavT 4 a 2B 5T ODBETH D, PTCIZE L7z Mo (Mo) WA EEZ BT 572
W, YRR, TR OVEEREKE G b 0K 100 cn® b —EY U L RS
REIR L 2 Ge FEARR HHERIT X 0 JIIE L 72,

7T LAERD & — BRI L7214, ""Te OEBEZ1T - 7o, WHERIEIZ. PTC 71 7 LT LT,
PRBENE 22 Bem® X3 BRI L, BB L7z "Te Z2 il L 7o, 2 OWEERIEA S 612 1Al 24 BRI
1ToTz, "Tc VEEERZRD B 728, ""Te IS DO—H &2 7V v 7 USRI & Ge J-iE(K
MRSV HIE Lz, £, R L7225 Mo B4 ICP B @I L v llE LT,

3. MRRUBER

3.1 EHEE M0, Ly bORRE R

Ed-PAS $:12 & 0 8UYE U 72 &8 Mo0, ~X L b O RFIIE RS B % Table 8 12 AMBIE H % Fig. 2
W2y WE L7 HEROVE R, WONCEHEIC LV RO T-HEES Table 9 1T, Ry, ik
JEEFC & D MoO, R & beilig 3% & | PO, KNS THME DHEINA A b iz, T b AL, HE
23 Mo EIEE72 Y PZC K ONPTC ~DOWAET 5 Z L iX 72\ 728 T /BRI 7 v & A2 b 2 5 528
FenkExons, BELEL Yy hOAMICAEERKGOBINE IR )N -T2, Tz, AV
LR ST\ DT, Ny MREIFAKEAZ SR L TV,

SMRITETHEETH D ¢ 20 m X 10 mm 31 ¢ 18 mmX 10 mmZ 7= L TRV . HHEEH 90% LU ETH
D, BTCEEESLY Meleol,

Ny NORRBREDE R % Fig. 3 W Fig. 4 IZ/R"7, 50CTRER L7~ > ME, XL v b
KD D HRFCERBEAT Td 5 EE SR L, 70 53 CRENEM LT, RO GITEAE
B CAREMMERIE L o hoTz, —FH, H|iRQOC) IZB W TR L7~ v M, 140 73f%
WRF R TIERE DO —HDOHLDEERIZE EFED, RENERET L Z L1372, ZD72), H0,
% Sem’ RIN LIEMEEE DR A K > 7223, RERPBEIIHE LT, ZHIT 140 S3FmIR R Tk
UL BITIRfR UT=0y, REIEMT 5 2 L1 Eh o7z, fER. |IE CTOBRMIL 1,0, RESHIIT 140 4
KON W0, BN 140 4y DFF 280 3 8L L7223, XLy R ERRMT 5 Z LI3ENh -7, 728,
—WEERE L7 & ALy MIEERMEL T\,

3.2 WWRK ToORNERE
WWR-K DY 72—« F ¥ RV OBHMETFHIT 4.9X10% n/en? « s TH Y, BUHHBEF 11X
24 Wi, MRETEEL 2 13 48 Wi, & Z CHREF &7z, Table 10 |2 JAEA KON INP L E N FHRI1IZ
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17572 Mo DARK B DFHMFE R A 7”89, JAEA TiE, —MIICHH STV B BT 2 BV 7o ik
OV 2 H N T To 72, RELLTFITRT,

A=foN (1—e*t) =foN[1-(1/2)""]

f o RO PR (n/em® - s)
o HEHEWTERE (cm?)
BT R O T

: RS RE O R IR E R

o HPE - oD BR G IR

s AERSRE D
- J

5 e >z

FHERER T, PSR 1 T 1.4 GBq/gMo0,, FREFHUEL2 T 2.4 GBa/gMo0, T -7z,

INP T, FERIC AR W CERE L%, R85 2.5 23 U CGHEZ1T o7z, BHKFO
WWR-K 1Z351F % Mo BUERFITARD . Mo AL DERDOBFMEFDFHHEITHZR KT 0% TH D, £D7
DRI 2.5 2 LT D, fHEAERIE, BREEEL 1C 3. 7 GBa/g-Mo0,, BE5HEEL 2 T 6. 5GBq/g-Mo0,
ThHol,

3.3 MHERRMIAMm
3.3.1 BEE MO0, v kDRREKHEME

WWR-K TR L7 M8 MoO, XL v DB E% Fig. 5 1Z-d, EEIX, BANTIT->TEY,
HHRIC K 2MBIBIERIE, a7 AL TITo7z, XLy MI, BEATE A TETRIKAD LT
EELTWDEICR X, £, T VENGED HT B, BHTFREAHINZ XS T, WK
MAHHNT, LInLRBL, FORIT, FLWERE SR ARBRFSEMFIT LYy g
ETHDZ L EMER LI,

Ny N ORMEEREO G E A Fig. 6 KON Fig. 71w 7, 3B 1-1 TIiL 30 4. 2-1 TIE 36 45 &
ELHDRVy by 40 3N THR Lo, EIRR O GIXIEAE I CREMMERIE S oo
7eo A=V RRRR TIL B0 C T ZAT o T DITxt L, Ay MR TIEK 100°C CHREEEZ1T - 70,
FDTD ., WDKK & lnoTe, ARBRERN S | BRRFICH T DIRE 7 7 7 Z )8 EHET
bHZ MR LT,

Mo YA DI REIEFE 1%, #URF 1-1 12V T 13, TMBg/em®, 3B} 2-1 128\ T 18. TMBg/cm® TdH
D, SEIORKO 5 b, 24 FFE RS Tl 2. 26Bq/g-Mo0, 23, 48 KRR T 3. 8GBg/g-Mo0, D *Mo
WA LT, T O FERMEIX, JAEA KOV INP 233 L 72 /5 5RO & 72 o 7=, JAEA FEAMED 1. 6 1
MIEPME & 720 | INP OFEAREIL, RO 1.7 5 & 7257, JAEA OFHEFER 2 AEM L 0 HAK<
ol iR E LT, BYNVRHETORENRE X LD, Mo ERRFHZBIT S (n, v) KUGTIE, #4
HPETF 72 TR BN HET L/ ET b0 E X b d, IND OFEFERSMERE LY &KX
K 7poT=DiE, BEFUEI OGN HHH L T D308 1382 0 | JARA N EFBIAA BB
D M0, TH Y | FHMSEHER R/ s> TNV leH EEZE 2 BiLD,
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B 1-1 AR D v AT MV Fig. 8 1, &kt 2-1 IR D v #R A7 hVIX % Fig. 9
WCRT, AT RV 0D K912 Mo KON ¥Te D E— 7 B RKELENTWD, F72. “Nb
DE—7 NHBL T2, Z3UE Mo @ (n, p) MINMIE VAR LIZbDEEZ LD,
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Table 1 Specification of high density MoOs pellets

Outer diameter (mm) | Thickness (mm) Density (%T.D.)
20 10 >90
18 10 >90

Table 2 Impurities in MoOs powder

Ig-loss Na K MgO CaO w Fe
0.10 <0.0005 | <0.0005 | <0.0001 | <0.0001 0.002 <0.0001
Cu Al:03 Si Pb POy S Cl
<0.0001 <0.001 <0.001 <0.001 0.0005 <0.001 <0.002
(%)
Table 3 Charactarization tests item
Test item Method Criterion

Material inspection

Confirm the impurities of
MoOs pellets

Do not contain impurities

with the pellets remarkably

Visual inspection

Visual check under

natural light or white light

should

neither injurious defects nor

Externals include

damage.

Dimension

inspection

Dimensions of each part
are measured with the

micrometer or calipers.

Measured values should not

exceed dimension tolerance

Mass inspection

Sample is weighed with an

electronic balance with

precision of 0.01g

Confirm measured values

Table 4 Dissolution test condition with high density MoOs pellets

Weight of pellet Volulme of Temperature of

(g) 6M-NaOH (cm?3) dissolution (°C)
Sample 1 13.8 34.5 R.T
Sample 2 13.8 34.5 50

,10,
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Table 5 Irradiation condition

Irradiation time o Thermal flux
) Irradiation hole (nfem? - )
Sample 1 ::232 1; 24 periphery
Sample 2-1 channel 4-9x10%
Sample 2 48
Sample 2-2
Table 6  Dissolution test condition with high density MoOs pellets
Weight of pellet Volulme of Temperature of
(2) 6M-NaOH (cm?) dissolution (°C)
Sample 1-1 11 27.5 100
Sample 2-1 11 27.5 100
Table 7 %Mo adsorption/?mTc elution test condition with PZC and PTC
Adsorbent PZC PTC
99Mo solution 1 2 1 2
Adsorbent weight (g) 1
Volume of Mo(Mo) solution (cm3) 15
Activity (MBq) 15.76 21.39 15.76 21.39
Mo weight (mg) 356.0 359.1 356.0 359.1
pH of 9*Mo(Mo) solution 7 4
Adsorption time (h) 3
Adsorption temperature (°C) 90
Eluate Saline
Fraction of eluate 3 (cm3) x 3
Milking repertition 2

,11,
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Table 8 Impurities in high density MoOs pellet

Ig-loss Na K MgO CaO w Fe
0.08 <0.0005 | <0.0005 0.0002 0.0001 0.002 <0.0001
Cu Al:0s3 Si Pb PO S Cl
0.0001 <0.001 <0.001 <0.001 0.0020 0.003 <0.002
(%)
Table 9 Manufactured MoOs pellets
Outer diameter Weight Density
No.
(mm) (g) (%T.D.)
1 ©20.01 x 10.06 13.92 93.8
2 ©20.00 x 10.08 13.68 92.3
3 ©17.99 x 10.02 10.91 91.4
4 @18.03x 9.99 11.03 92.2
5 ©17.99x 9.99 11.08 93.0
6 @18.01x 9.93 11.02 92.9
7 ©18.02 x 10.00 11.14 93.2
Table 10  Evaluation of generated 9°Mo
Sample 1 Sample 2
(Samplel-1, 1-2) (Sample2-1, 2-2)
JAEA calculation 1.4x 10’ 2.4x10°
INP calculation 3.7x 10° 6.5x 10
(Bg/g-MoOs)
Table 11 Result of Mo adsorption tests (PZC)
Activity in Activity in Activity in
Added Mo ) Adsorped Mo
99Mo sol. Washing sol. | PZC column
(mg) (mg/g-PZC)
(Bq) (Bg) (Bg)
15.76 E+06 5.51E+06
PZC-column 1 356.0 10.25E+06 231.5
+3.97E+03 | +2.34E+03
21.39E+06 8.02E+06
PZC-column 2 359.1 13.37E+06 224.4
+4.62E+03 | +2.83E+03

,12,
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Table 12 9mTc elution rate with adsorbent (PZC)
Milking cm3 PZC 1 PZC 2
0-3 66.0 75.2
3-6 7.3 7.7
]_st
6-9 1.2 1.7
SUM 74.5 84.6
0-3 72.8 73.9
3-6 4.9 7.2
2nd
6-9 0.6 1.5
SUM 78.3 82.6
(%)

Table 13 Impurity in %mTec solution (PZC)

Milking cm3 Impurity PZC 1 PZC 2
Bq-9Mo /Bq- 99mTc (%) 0.74 0.83
0-3
Mo (mg) 0.91 0.92
Bq-99Mo /Bq- 99mTc (%) 5.26 4.55
1st 3-6
Mo (mg) 0.56 0.54
Bq-99Mo /Bq- 99mTc (%) 19.02 19.65
6-9
Mo (mg) 0.43 0.44
Bq-99Mo /Bq- 99mTc (%) 0.63 0.50
0-3
Mo(mg) 0.69 0.74
Bq-2Mo /Bq- 99mT¢c (%) N.D N.D
2nd 3-6
Mo (mg) 0.47 0.44
Bq-99Mo /Bq- 99mTc (%) N.D 29.19
6-9
Mo (mg) 0.35 0.34
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Table 14 Result of Mo adsorption tests (PTC)

Activity in Activity in Activity in
Added Mo ) Adsorped Mo
99Mo sol. | Washing sol. | PTC column
(mg) (mg/g-PTC)
(Bg) (Bg) (Bg)
15.76 E+06 5.87E+06
PTC-column 1 356.0 9.89E+06 223.5
+3.97E+03 | +£2.42E+03
21.39E+06 8.96E+06
PTC-column 2 359.1 12.43E+06 208.7
+4.62E+03 | +£2.99E+03
Table 15 99mTc elution rate with adsorbent (PTC)
Milking cm3 PTC 1 PTC 2
0-3 85.7 84.1
3-6 2.7 2.7
1st
6-9 1.3 0.4
SUM 89.7 87.2
0-3 80.1 81.7
3-6 0.9 1.2
2nd
6-9 0.4 0.3
SUM 81.4 83.2
(%)

,14,
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Table 16  Impurity in #mTc solution (PTC)
Milking cm3 Impurity PTC 1 PTC 2
Bq-99Mo /Bq- 9mTc (%) 2.96 3.48
0-3
Mo (mg) 3.72 3.78
Bq-?Mo /Bq- 9mTc (%) 12.74 N.D
1st 3-6
Mo (mg) 0.24 0.29
Bq-9Mo /Bq- 9mTc (%) 12.25 45.43
6-9
Mo (mg) 0.19 0.21
Bq-99Mo /Bq- 99mTc (%) 2.00 0.18
0-3
Mo (mg) 2.14 2.23
Bq-2Mo /Bq- 9mT¢c (%) N.D N.D
2nd 3-6
Mo (mg) 0.22 0.25
Bq-9Mo /Bq- 9mTc (%) N.D N.D
6-9
Mo (mg) 0.15 0.19

,15,
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Pressure

Pressure

Fig.1 Schematic diagram of equipment for fabrication of high-density MoOs pellets

High density MoOs pellet
(For Cold run)

Fig.2 Photograph of high-density MoOs pellet

,16,
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g |

f =\V =Y
I LT |

START 30min Finish (70min)

Fig.3 Photograph of disolution test of high-density MoOs pellet
(Dissolution temp. : 50°C)

60min 140min

Addtion H20z (140min) 280min Finish (Over night)

Fig.4 Photograph of disolution test of high-density MoOs pellet
(Dissolution temp. : R.T)
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109¢g 10.7¢g
Sample 1-1 Sample 1-2

Fig.5 Photograph of irradiated high-density MoOs pellet

START (Omin) Finish (30min)

Fig.6 Photograph of dissolution test of irradiated high-density MoOs pellet in Hot cell
(Samplel-1)

START (Omin) Finish (36min)

Fig.7 Photograph of dissolution test of irradiated high-density MoOs pellet in Hot cell
(Sample2-1)
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Fig.10
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99mTe elution profile (PZC 1)
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@ 1st
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0-3 3-6 6-9
Solution for elution (cm?3)
Fig.12 9mTc elution profile (PTC 1)
B 1st
02nd
0-3 3-6 6-9

Solution for elution (cm?3)

Fig.13

99mTe elution profile (PTC 2)
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Appendix

Specification of MoOs Pellets
for Irradiation Tests in WWR-K

December 2012

Irradiation Engineering Section,
Neutron Irradiation and Testing Reactor Center,
Oarai Research and Development Center,

Japan Atomic Energy Agency
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1 . Outline

This document is the specification of ry-oxide molybdenum pellet (MoOs Pellets)
for the irradiation tests in WWR-K under the international cooperation.

2 . Applied standards

(1) Japanese Industrial Standards (JIS)
(2) Japanese Society of Mechanical Engineers (JSME)

3 . Targets

The following table shows targets of this experiment inspection certification.

Production method Irradiation samples Number Remarks
Plasma sinterin
g High density MoO; pellets
method (Natural isotope ratio) > pes.
(Ed-PAS) P

4 . Place of inspection

Chemical laboratory of Irradiation Engineering building of Irradiation and Testing
reactor center in Oarai Research and Development center

5 . Inspection items

Inspection Items (D) (2) 3 4 (5)
Material Visual Dimension | Number Mass Remarks

Targets of inspection | inspection | inspection | inspection | inspection
inspection

High
densityMoOsPellets
(Natural isotope o © o © o

ratio)

Remarks : © : eyesight, e : Confirmations of documents

,24,



JAEA-Technology 2013-048

Criterion
Name MoQO; Pellets
No. | Inspection Items Inspection method Criterion
(1) The target materials should
. ) have the crystal structure of
Confirm crystal structure is that of .
. ) ) ] Mo0Os according to the X-ray
Material MoOs; using X ray diffraction. . .
(1) . . . . . diffraction chart.
inspection Confirm the impurity contents of . .
(2) The impurity contents of
MoQs pellets.
MoO; pellets should be
measured.
. ) ) Perform visual check under natural | Externals should include neither
(2) | Visual inspection | L L
light or white light. injurious defects nor damage.
Dimension Dimensions of each part are | Measured values should not
3) . ) measured with the micrometer or | exceed the dimension tolerance
inspection , . .
calipers. written in Table 4.
Number ] The number should agree with
(4) . . Confirm a number of samples. _
inspection prescribed number.
Sample is weighed with an ]
. . . . . Confirm the measured values
(5) | Mass inspection | electronic balance with precision of . .
written in Table 4.
0.01g.
[Remarks]

6 . Results of inspection

Results of inspection based on the inspection items is shown as follows,

,25,
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(1) Material inspection <X-ray diffraction & Contents of impurities>

1) Results of X-ray diffraction

L X ray diffraction chart
Irradiation samples

(Crystal structure)

High density MoOj; pellets

. . Fig. 1
(Natural isotope ratio)

20000

18000 ¢ Target : Cu
| Current :40 mA
16000 | Voltage :40 kV

o @ MoO;,
14000
12000 |

10000

Intensity (cps)

8000 1

6000 +

4000

2000

26(deg)

Fig. 1 X-ray diffraction chart of high density a MoO; Pellet.
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2) Impurity Contents

Irradiation samples
High density MoO; pellets
(Natural isotope ratio)

Impurity Contents

Table 2

Table2 Contents of impurities in high density MoOs pellet (Natural isotope ratio)

(Unit : %)
Sample lg-loss Na K MgO | CaO0 W Fe
name
Value of <0.20 <0.005 <0.003 — <0.001 | <0.020 | <0.003
standard
S';;ﬁzd 0.08 | <0.0005 | <0.0005 | 0.0002 | 0.0001 | 0.002 | <0.0001
Sample Cu Al,O, Si Pb PO, S cl
name
Value of
<0.001 — <0.005 | <0.001 | — | <0.002 | <0.010
standard
S';;ﬁid 0.0001 | <0.001 | <0.001 | <0.001 | 0.0020 | 0.003 | <0.002

,27,
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(2) Visual inspection

Irradiation samples Photos of externals Number
High density MoO; pellets
g ty 3 Pe Fig. 3 5
(Natural isotope ratio)

Lot No. 1
Pellet No. Fig Sipersd dencly
1 . 91.4
-~
2 NE 97 )
& |
-o -
3 . 93.0
4 e 92.9
5 93. 2

Fig. 3 High density MoOs Pellet (Lot No.1)
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(3) Dimension inspection
(4) Number inspection
(5) Mass inspection

o Dimension Number Mass
Irradiation samples . ) . ) , ,
inspection inspection inspection
High den5|_ty MoOs pe!lets Table4
(Natural isotope ratio)

Table4 Inspection certification in dimensions and weight of the high density MoO; Pellets

Data sheet of MoOj; pellets (size and density)

Sample name |M003 pellet |

Dimensional inspection Math formula of balancing

® Measure point

H= tmax — tmin
Equipment used D,,

X » Micrometer
- Vernier caliper tmax Maximum of thick
trin Minimum of thick
D.., Average of outside diameter
Outside diameter (mm) Thick (mm) Balancing Weight Density
Sample No. ¢ 18 £ 05 mm 10 = 0.5 mm <0.2 (g) %T.D.
X Y Average a b c d Average calculation value — calculation value
1 17.99 | 17.98 17.99 10.02 | 1005 | 1002 | 9.99 10.02 0.0033 10.91 914
Lot N 2 18.02 | 18.04 18.03 10.02 9.98 9.98 9.97 9.99 0.0028 11.03 922
01 ° 3 17.99 | 17.99 17.99 9.98 10.00 | 10.00 | 9.97 9.99 0.0017 11.08 93.0
4 18.00 | 18.01 18.01 9.92 9.94 9.99 9.88 9.93 0.0061 11.02 929
5 18.02 | 18.02 18.02 9.99 10.00 | 10.00 | 9.99 10.00 0.0006 11.14 93.2
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Appendix 1

Photograph of pellets case
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