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On the disintegration and acid leaching method for

measuring free uranium in HTGR fuel compacts

Fumiaki KOBAYASHI and Kousaku FUKUDA
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(Received January 29, 1987)

In order to improve the disintegration and acid leaching methed for
measuring free uranium in HTGR fuel compacts, a new apparatus was devised
and several tests with regard to the acid leaching were made. The ap-
paratus devised was such one which could disintegrate a fuel compact
uniformly in nitric acid solution by rotating it. The optimum conditions
of disintegration were 3-4 A of electric current and 20 h of leaching
time in 7 mol/l concentration of the nitric acid solution. The apparatus
operated under these conditions made it possible to disintegrate the
compact much faster than the conventional method. For chemical analysis
of uranium after the leaching, two methods, Arsenazo II and fluorophoto-
metery were examined and the fluorophotometery which was easier way than
the former, was found to be applicable for uranium analysis with 147% of
the standard deviation in the measured results. Also made was a study
on the uranium contamination source in the fuel compacts, of which results
indicated that the major sources were the failed coated particles and
contamination during a compact fabrication process. Uranium contaminated

in the latter source was inferred to be natural one.

Keywords : Deconsclidation, Leaching, HTGR, Fuel Compacts,

Free Uranium, Contamination, Coated Fuel Particles
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TVEAREERET L S VMETERB N EN S, v vEEEERIRETAHBODE
MRESN TV HEEREHNTE, S/ BE vy FOBHY 7 Y REICELREES
BHELUTHRET O Edbh T,

BEL Yy FOBECY 7 VENAEELBR T AEADORAEEECRT AL TOERTH
sl B o vy P ABRMERL, MBEETBHLAEBOY 7 vEAESEREETAET
bo B UHEEHCHTROBE Y 5 v 2 254 7 L LT—EBMAKE, BUY, w7/ 8480008
TS 5. #HE% Table 210RT, MA RS 27 BICH L THeNEETHEH O 234
OB (I—1) OHOFEE@EIEZ0 995 L8oh, TORENS L, FEEOTHPOHESK S
CHWEVHIFEGBFIHE NG, EERECODNTALE (1) BLF (1) LEEUERBET
HLEOTEUEELTRY, LT, OBDOIEE»S (1) 8XT () OaE 0,
BoNniE0 19 m2EkEL B, ATETE

UIB""GHZ: (0.196)% of: UH2 o oo =014

BT, BT Lov s b OBREICT 7 VECER A B T OB GOMEREIL 4% E15 5,

6. Bl /o Fho@EH Y 5 VE

R o vy v OBRM T id, BERTROY 5y, Biiw b)) o S ABOFERY 5 5L
UHETHPIREF CRATHI EICE S, BEY 7 Y OWBREEH <5120, DUTOERE
T-7
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M OSTICAER U 788y 5 I IR FNETIER Lz, U0 T4 1 gB&L, 3~4
mol/ €, 50 ml OHEBEERTMEALESSELIERT S, ZOKE10ml tFRLTY 7~
IR E Lok, 10ml 253 H0e 5, IRICEMR L, <o 7WFEETE50°C, EXRBHR T 2 B
BLTU;0s &9 5, BAROFRBAE, SRRSO Y 7 YEAEHICKD B, Hilh 5 FREIC
FREITO, 0.2 ~10 pug/ml OREFRELER L2, BEEREFRRICI OBEEHET 45
BE, WkSBcEn o 5 Y HRBTA3BRNSH 50 THEEAMA T 2Tmol/ € & L1,

COBEEERERACTRERERD, IORERP OB ¥y FDBHY 7 VALK
AE L /cfS 8R4 Table 1 1R E, Tk VIEICHd 59 7 v 3G EEEO L IZE5E T1.10
TU 7 VHAREEOLGHL LEVN, Bild 2 X0icy 7 YEEEEEICL ZHIERED D

BAREC, EEOHEIBECHHT-HLTHEEELLNS, BB o vy bihD B~ Y
v 7 RATEENEAMYRIBIKSTI0 ppmT, TDHH, 77 vENRAERCEEDSH S Cr,

o N . 2) e <
Fe & MR ME L 10 pomEEEE S AT S D foT | EOEES vr<s b 0Bl |

Vw2 A (20~35 g) IKC&ENACr, FeDBIZ 200~ 350 g T, w7 VEHi#E»S1/10
AWML CHBZEET5 S 10 pg M EAELTLAC 2ici s, Priceois P rae,
HEHES 10 pg N5 E Y 7 Y OMEBRBRKIBICELT 2EHTH A, Table 1 OFERT, 7
FYEMREEREE T v S SNMETESBR G DS, v YEDEEERICRIE T A OwE
PRESNTLLHARERZ LT E, F/, B2y FOBH Y 5 vBRERKELEEES
BHLTHMELC L &b,

PR o Yoy b OBREBEILY 7 VEEEEERH T 5 B DRIEREORIT S L FTOEGRTH
sfoe HE D vy PABERERL, WBERETRLLAEEDY 3 vEBASINEETHET
S B URARHCRIMOBES 7 v & 251 2 & LT —EBMA LK, BUY, v7 rBEE0EE
TR T %5, #i¥%A Table 210RT, MA/ZAN, 7 BICH L TEHAREETEONIZ R ¥
JoR (T 1) OOEFIZ 0995 1560, ZOREPG S, FEOAMYDHMEK
CHWEVIRBPTHEN S, EEREICOHVTASLE (1) BLU (1) L&EUERKT
HEDTEUEELTREV, LAad-T, SHOMEKE» L (1) 8LT (1) OO
BOAMLIED 196D 2FEML B, ATHETE

of+of = (0.196)* , of = gf 5 o, =014

BT, BB D s P OB F IR NEREABH T AIBGOBERET 145 LT 2,

6. BEta s bhOZEHY 5 W

WEL o v b OB i, BHER TSROV Sy, BHET R L 2 AEDOFERY 5 VB L
OIS TREMCRE» DRATLI SR E S, BHY 7 vOBRKBRABE L2, DTOERS
IT-7

v by 2 AR KREMETT A bick, Hko s v BERNK, Bt b ) w7 R
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0.2~07g%HBELT, JRR=~ 210k 6 1 X 10" n/cm?s sec DT R T4 RS L
7oo BEE, S5 HBMLIcd & Ge MHEHRTI000 HMlE Lice BB WlalcHYE T35 £—s13
WEINEpof, BEi=w b o 7 RBDHERY 7 Y ERARY 7 Y ERETSHE0 1 ppmbiF &
5. colibmrEran e U TO R v b LEOES T by ) A G
320 g WOTERE= MY w7 ANCEENEE Y VB2 pglFEAQD, BHY V008G
BETH B ugdhh, FRLAFRETLE OB oi, IRICEE 27 POBHRY 7 D
Bl UEMELZAE L858 % Table 3ICRd, D-8BXUD—-11DEHRY 7 YEIEH
BR T 10y 7 Y BIGREL, kR4, 1HOEENTHEBLAACEEZRLTWA, Al s
BEZEFELUTHD, SRy 7 VHEEFE L THBERTICL260TH S, WENFH1IELE
WEEDLNLED -1, D5, D-6KDWTEZLLEBHY 7 VB2 ~82 ugThn, E
e r )y 2 RFHERETREVOT, METHRPCRALLY 7 YHIERTH S &b -
foo BEH Y 7 v OEAAKRLIZRB Y 5 vOfE (0007 w/o) LD LS00, BEOLLL EEHi
LHENT20g BE oYy 7 1 ED) 2EBESETEE LAAER By 7 Y23 2ug
TH T HBRFPOY S vEICET HEHY 7 Y EOLZ 1L 7T 107TC, BUEHEE L8R
M%ﬁ%tﬁﬁﬂa®igﬁ%@wﬁmﬁwo%%ﬁiy&wﬁm,%ﬁﬁ%&m6®%%ﬁf
vO(BREE 12, 20 w/o ) 4s, #ETEN TENERICK TRECHSE L, BETEDIEALLY I ¥
ERAELIEHEEZLZOR, BALLY S vE>KRy 5 v EHEESH S,

BMETRPIEA LY 7 VB (RBEY72) HEVATETRES, FEREOBEL, F5B
DBIETIHRET, BLLTOWALEhbhrz,

7. & iR

G TR 2 vy s OB Y 7 v EEBEREE - HRENETRES S & FicERT
LMD oo PEOEEE AT L CHR LI FHLOEBERERBE T vy b eEllEE 5
T, ERoBEIE AR U TR 1/3BIR & » i, B 397 b Of S AR S
PSR L Tmol /€, HiRiE3~4 AEENDI, ME T vy MghER, WEBERE T 7 v
BEHPHETH D T bbb, THEEREHEERINET 20 HBE & ED T, B awes b
SBHLY 7 Y ROERICY 7 Y EIEREMBERTE, TORERERI 14 LB LN
E7z, BE o s rhoERY 7Y OFERETS U THHER T o LRl TRHCEA LR
By 5 THBLE DD,
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0.2~07gxEF&ELT, JRR—2ICHED 1 X 10"n/cm? sec DEHHT R T204EBE L
fro BER, BHAHI L7cd & Ge BB T I000WAE Lz, R P LalciBl g5 70
WmaniEm-t, BE= ) o 7 2A0OERY Z v ARRT 7 Y ERETAE 0.1 opmPIFE
5, coinEEiEraR e S U Te 2, BB s b OB Y s A S8
320 g WO TEH= w7 2AhCEEh 29 7 vBIE2 ugbiF &, EHY 5¥0R
RETH 2B ugdh, FHAHRETRE O ENDMm o, IRICEE 2 Vo387 FOBHY 7 »O
BBl URMKLZEE L /ER% Table 31089, D—88XUD— 11OEKRY 7 »EII#H
BRT 1EOY 7 Y BIGELS, K4, 1EOEBRTHBIRLACEERL TS, EAfiFHES
BERZ LR UTHD, B 7 YHETE L TEHBR TICL36DTH 5, WER TP 1IMER
WEEDLALD—1, D—h, D—BIKDVWTHEALEBHY 7 VBRI 2B ~82 ugTHD, &
= b o s ARERETERIOOT, BETEDCEALLY 7 VBERTH S T E8HH -
foo BT 7 v ORAIEILIIREEY 5 v O (0007 w/o) £D/DLEV, BEOGTWERLN
AHBERT 20 g BBz 7 1 AS) AEBRAEECEE LSRR, By 7 YEiL 2ug
Th-te WRENTHOY 7 vEIHT 2EHY 7 YEOIZ 1L 7TX 10777, BLEEZ L&
Bsmn V05 b L RO TN, KRR 7 ¥ EDEL, HENTRALOEEY 7
v (RFERE 12, 20 w/o ) s, #ER T RUERHCH T-Rmicfta L, B8ETEMIGEA LY 7 ¥
CRELELDEELOR, BALILY 7 vdRR U v EH#EEXINE,
BWETERPICEALLY 7 VB (RAY 3 V) RHOATETEEL, FEEEOIL, ¥k
DODBLTHETRARE, BPLTHWEEhbhz,

SR AEABE o vy FoBEd Y T o REBRWE - HBREHETRET AL SIKERYT
ARl D vov s MEHEBATL R L, FILOMBEEEEME D vy r AR EE 5
AT, HEROENESRICHER L TR 1/3 T &7 57, K o w7 b OBE T
ISAEEBRE L Tmol/f, BRI I~ 4 AEEDT, B3 w00 ERE, HEEETY 7 7
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Table I Comparison of arsenazoll method and U fluorophotometery
samples @ (zrgsen%z)o I @2 U fI%(Lrogphoéc:))metery (é)a;i%)
D—1 25, 26 30 1. 20
D—5 92 - MIOO 1. 09
D—#6 54 55 102
D—7 14. 100 15,600 16, 300 .11, 116
D—38 730 960 132
D—§ 1. 170 1,200 1. 03
D—10 320 390 L 22
D—lwlmm i 870 690 0.79

mean value .10+ 015
Table 3 Isotope ratio of free U in fuel compacts

D1 19. 86 25 1. 74 23.6 AT
D—5 12 82 0.774 8L 5 &l L
D86 12 54 0. 852 53. 3 (] s
D—8 19. 86 725 19 36 18. 9 J&] =
D—11 19. 93 693 19. 82 | 4.0 B TR

[Ehr R OBIEIZ CEC 21702 AWEHE D £,
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Table 2 Variance of U determination by fluorophotometery
A LT oA T PIENCS -
&2 Ug (1) | (2048 EMA o ) s %
‘ frrOUR (L) |

1 194 ,ugy 4.56 g | 131

2 | 193 4 430 4 L 185 SHENOUE (1) OfizER
3 0.57 ~ 2.30 1 oisgsuﬁi HE5 104 L EOREET, fit
4 0.54 ~ 236 # 0.91 24T 2 EOFEEHE,

5 0.67 ~# 2.87 10 ]

6 0.80 ~ 276~ 0. 98

7 0.70 ~ 236 0. 825

8 0 83 » 3.45 1. 31

9 2.48 385 0. 735

0| 117 . s5 0 L1

110 L 17— 310 0. 965

12 144 « 2.95 0. 755
13 144 - .25 » 1 0. 905

R # | 0995 + 0196  HATEICL S 0130 14
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Fig. 1 An apparatus for electrolytic disintegration of a fuel compact.
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Fig. 2 Change of free U extraction



