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Purification Process studies for the

*
Reprocessing by Fluoride Volatility Method

Fuel Reprocessing Laboratory,

Division of Nuclear Fuel Research,Tokai,JAERI

(Received May 26, 1976)

Along the research and development program for the
reprocessing by fluoride volatility method, the fluori-
nationépurification process has been studied with a simu-

lated FBR fuel containing UO -PuO2 and non-radioactive

2

fission products, in the 2"% and 3"¢ fluid-beds.
Behaviors of fission products and other process

ploblems in a proposed flow-sheet were clarified.
Described are the flow-sheet aimed to study and its

purification principle, experimental results of plutonium

and uranium purifications, and analytical methods.

* A summary of the oral presentation at the 1975
Fall Meeting of the Atomic Energy Society of Japan. (H52~

H55, Osaka, Nov. 6, 1975)
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Table 1.1 Present status of purificofion process studies

) fuel size, DF Examples
Country |Institute type |(status) process found
172" HCl —Fa s .
Usa ANL | HEU g2y | NaF-cT 2x10% ~ 3x107 (r)
, LWR BrFs- F2—-PC I~3X10° (Y / PW)
- CT—TD
2" 4 HC|-F2 7 d ;'
FAR HEU 10"~ 107 ()
- -NaF-CT
FRANCE (@-y) | “NaF-¢ 5
” FBR » F2—CT—CR ~ O (Ru/Fu)
2% | F~F—PC -
JAPAN JAERI FBR 2 'z this work
(sham | - cr-7D

) ANL-7125(1966)
3) CEN-N-1241(1969)

2) ANL-7425 (1968)
4) CEA-N-1479 (1970)

Table 1.2 Sham Fuels used

(FBR core, ~I0°MWD/T

cooling,~30 D)

*
I 75w/0 UQ,—I5w/o PuO,~lOw/0 FPxQy

I Fission Product Contents
Metatic Mo 2,0
phase RU" I .20 (RuQ;)
Rh 0. 3o
Pd 0.7,
o SKH*¥ 0.0,
Oxide La, 03 0.65 Zr0O, I.55
phase Ce0, 1.5, °sz0,?” 0.0,
Pr,0;  04; Sro™* 0.2
Nd.Os |.5, RbO 0.04
SmO, 0.3, Cs,0 I .05
Ba O 0.5 Ag,0 O.lg

% Sintered at I1550°C in Ar/H, for 20hrs.
* * Radiocactive tracer used

* % ¥ Separate oxide phase

o voliatile fission products
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Table 1.3 DF's required
' of volatile FPs fluorides
I High DF {without Am)

FBR . i
core fuel to {O | mei s kg U

I mei / kg Pu
Principal half-life DF
Isotope (D) for U , for Pu
' e 40 4ax 10" , ax10°
'® Ry 367 (0.1) (2)
*Nb 40 3x 107 4x10°
(0.03) (0.3)
s b 700 8 x 10° g8x10*
{02) (2}
**Mo 3 2 x |0* 2x10°
(200) (2 000)
{ ) mass wt.ppb in products,

I Pu Oxides with Am

(1) Puly) s 1~0.2{0.1~3 yrs.)
(2} Pu(n): I~001( = )

M Pu recycle ; (without Am)

X 0.1({one recycle)

Table 1.4  Single stage Desublimation

t
log (Mpy / Mpy ) = arlog (MEp/MEp )

ar =Ppyr,/ Pep (relative volatility ot T°C)
M’/ M®: (mole ratio after fime;T)

DF calculated”

Species 25C 100°C

RuFs 5x10° 4x 0%
RUOF, 5x 10 I X 10
NbFs 6 x 107 6 X 10
SbF, 9 5

+ 99 %% Of Pug transfered
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stream of PuFg UFs
/
max UFe concn.
{CFz~20v/0)
P=800
10 F mm Hg
PuFe Tnax.PuFg concn.
( CF2~100 v/0, equilibrium value
at 400°C )
I -
2)
DF=1~15 "~
10 '} (RUOFs)
contnuous
DF=|~3 7
rd
I O-'Z L RUOF4 /) (NbFS)
/// .
g continuous
rd
//
-3 | -] DF=1~5
10 <— (N bFs)
NbFs ..~
// 3
| DF=1.5x 10
1o r ( RuFs)
Fs)
| ‘J 1 [ 1
-20 =10 O 1O 20 30
Temperature (°C)
Fig.1.2 FP fluorides Partial Condensation

') J.Chem.Soc. 527(1963) 2) ORNL-CF-65-6-13(1965)
T290:1548)

L . .’;",_"E‘l
et S Y b



Temp (°C)
30.0 290 iOp 2.5
" UO,F, +2 PuFe=UFs + 2PuFet Oz
50
3 |
©
g o
Y
8
X
w —
x
Tl
|IN-K)
o
N
Ch
5
-100
P 2 3 a
(10%/T)
[ig.1.3  Calculated Kp, for the separation
of UFg . NbFg . RuFs and Pufg
by UO,F,
Temp. ()
3C0 200 lOlO 2]5
O ——————————————————————————————
PUFS_"PUF4 +F2
_50-—
s
E
>
g SbFs
X
o NbFs
Y _1cof
<]
|
RuFs
| 2 3 4
{10% T}
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Fig 1.4  Cakuloted AF for

the thermal decomposition
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Table 2.1 Fluorination Evaporation of Ru, Nb fluorides

(% of charge )

fluorides :
U 46 — —
PF— 3] RuOz
Pu 8 — —
— 32 U 24 20 - RuQ:2
Pu f < | — Nb205
| 7 —
_33 U 8 . Ru{metal)
Pu 2 ] - Nb205
_aa LY 76 31 23 | Ru, Sb{metal)
Pu |2 65% | ~0 Nb, Os
* due to deposition in U fluorination steps
Table 2.2 DF Observed for PuFa
(PF—34)
: to UFs over all
F Ps fluorin. P.C stredm . T T.D DF
Ru [ | .8 I 4 3 i.O 210
Nb | . O 8.1 q 8 P 4 10
Shb 4 .3 | . © 220 | .0 3000
Te i .0 o 4 | i1 3
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Fig.2.2 Partial Condensation Behavior of Ru, Nb fluorides
(PF-34)
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BHERER» S, ROERBEINK,
NaFRLAGREWERE, a-AVFE7 07, BELEODFAEETLE, A——F—AT
10° BEOEODFOERBREETRECEEL oML, ¥/, BEFPOX#HAEET 2 LTI,
BERR  REHR - MEMBLENBELEL Ch A,
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8EXHE

D AKS; BAET 1%L, W4 9F4E4, (JAERI-M #FBT3)
2) D. 8. Webster, J. W. Simmons ; ANL—7675 (1969)

8) Benhardt et al. AECD—2390 (1948)
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Table 3.1 Operating Conditions

Equipment Puck U. FLN
Operational Mode Batch Semi — Batch
Cornposition
PO w/0 w/o
u 75 92
Feed Pu | 5 —
8
FPs 1o |(Nb 035"
Total ~ 150 g |~249/min~2500g)
TF 350+10°C | 350t 10C
Fluorinator To 260£10°C | 310 £10°¢C
a Il em/sec [20~25 cm/sec
Fa 20Vv/0 Fz/Nz |20 v/o Fp/.
Condenser
Te i5~16° ~22°
Partigl _ 5 6°C l6~22°C
u ~10 ~ 50 cm/sec
Condenser om/seﬁ
Evaporator
Te — 150~200°¢C
L_f ~25 cm/sec

Table 3.2 Fluorination Rate and Decontamination Factor

Description

Ru

Nb

Sb

Apparent volatilization rate
(1/min) ~

Expected DF in partial
condenser (at 16°C)
Observed DFs

Fluorinator

Partial Condenser

U02F, Trap*

400°C NaF trép

Overall

9x10~3(9x1073)

3000 (1300)

2 (2.5)
1.5(1.7)
1.5(-)

200 (=)

1400 (-)-

3x1072(1.4x1072)

3 (5)

2 (2)
9 (1.5)
5 (=)

10 (-}

360 (-}

4x1073(3x1073)

8 (D)
1.5(1.2)
- (=)

>20 (-)

Data in parenthegis are with Semi-Batch fluorination

* Data in PF-32
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4. T B 4 W

ORI # Lil—fh, GHEE T8 8

41 F =
FEETORET T Y« P b= 607 » R -HBEERICEOT, U, PubLUFPs 07

o Fll - BEEHIPERLAB L0, TEMIET, BREREIN&EEELOT, F&L
THURHEF OBES 2 OBBIC SV TRET 4,

42 IESHFOEE

Fig. 4 1107 » &b « BUERIC ST 2 TROTORENERT. 41V 74 YoHid, rige=
A—C L AFPs o, EFE=2—~1CL 5 Pudsr, TCCILEAUF, /¥, DG &fT- 7,
RO IL, T BREEMIICL A FPs S PudMiEfot, 2055, TCCY, diEr=
s = o TRTTIREE Lo T, 40, FPs & Pud 7 BESHEESTEC DO THE §

%o

43 SHFEHREMER

Table 4 110, RRISHBICHT A0, & SRS RT, BikiL, BRAZ, O,, NaF
Sy FREERSTHED, BELTIR60g~3bkgoBlTH S, TR, Pult, 001~
2w,0, FPsii, tracer HRI ®activity LT, 004~2004Ci, AmidPu® daughter
ELTAaZH, KL40mCiTHbB. ChomdL, 1 HMEEST T2 b0R, 7y RIEEOPY
L4FPs Thd, chOLHic, tOMTHER, BRBFET, HEHREDEH THETH A Z &I
HMH b

HERI, Fig. 4 2WAT I, 7E=F—HLUHRUBEMTORERS XTUF — # 0LHS
MBI Lo TS,
r%:ﬂ—m,:U%—ﬁﬁNaIVV%v—yay@m%,szn4h7%§4$~,XYV
25—t SR SN T B Bk R, 872 v 2, Pu 7 o iah o ohiEr2ERk
T2t nDCd BELEE 1 Ge BREE, SV ANg bTFIAF—, &7 - THAABL OBRE
n, K5 — FUAN OGN F— 21, FREELy 2 -0/ BB LA EREERAL TSN
Ao |

Fig. 431, 7 v &t BHUEREBCHBLL y T4 - ORABRDEHERT . RILED
Mord, FEOY 7T KL THEEBNMNBICERETACENTESL, CALOREKDESE, &

2 m'CEF)%o

OMmoERERE

- 32 -
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44 BABEEMOIF

441 47354254k

BUwic, LRy 2=F—%7 v Fl - FQ%%K@%T%%AmkﬁémmAt@m S
ANROIEBIRB AT 720

Fig. 441, r==4—0EBRBREEO—FIELT, 30 A~ F—FHike, GEAEI, HE
FEBE I KT BB ERL TS, £HEF, 23U 4—~2~#&1, 2, 4anb il B 28
BREOEELRL, thnd, HEORFEAEOERLARD LI ENTE A, AN, [ERICE
TREERE T £ AT RN EARL, IO oEENHERBICE T AU EROARD L N TSE
Bo BMIBEOEREIZ, BEEEOEKLEERICLZHEDEORAELD TREN S,

Table 4 212, 7 ®=4% —2EREBRO 7 » T, HHRESE, 400CNaF trap, Cold
trap IKEBICHE Lt BO0REDERLEZMBOEREZEOT, 3 x—4%—2 m b OELITD
WTEELbOTED, COFEHCEE20 0L LOERLNSHEZOT, COBBEICL-, TH
DEBRHSNEBENE, WERBOATIETXLRELABR LN,

CNSENTENRE, TESL-EREBICT v B BRERICHOCER, $2, 3FTONL
31, FPs 7 v B{LHE, TOBERELHETACLENTE, rBE=F-ELLTOMESE
Ei=¥ s
4.4.2  BetikgyE 0T

Fig. 453, dibkoy 7V v FHEERLU L&D TH YD, Hiitkdid, a5 - 5k — /&
DETO, BRI L L g3 LHRFELTHT eniliint, E7, BHEICHELLFPs
12, kil — BRATG, FREBES A S e ICEBAEST- . COLDIE, EaENAEL
PuZatemikoy 70 v 73, BHTEETH S,

Lo Fiz kb, FEICT7 v Rl BWHEROFPs o4&, Table 4 312, FURELE
BT AEORSE, RIBE, SWEOBELZZILDTRT, ko, NFYFELTR, ¢
FYELHIELITOANMTH AR, 7o ERAE, 400CNaF trap DX S ICRIBESROES
i, BM%B~10%THH, 100C NaF trapHe O ESCRIBEMBECEAE, 10~100%
DAFYEMESIA, ChoONFyEOERR, LK, BARORT ORETICL A&
) v IS AESLELNA, BB, RIOBRBICIAZRRDNVWEDITHA, SHECREELELT
12, Activity Balance 56X DH & Rulc20vTid, —8~—47%, Sbs—~11%, NbH—45
~+16%, Tedi+60%THA, CORECERE LT, BEY Y7 I /7K ELANTVF, R
HEOFHBHBELCOEZRI, v 7Y v/ hORIOERLENEL SNLE, LELUENS, #
SEIC £ 2 TEMIOERLED, 2 5IEO LRI activity iKEWT, Bb~¥E%THo, £k
TEAROEREO, S, CNLOHE, RIZHEET~2bnsAbn2,

7, AT TIRIR, BHEOHEX10THCI K0T, RIEGDFELTE, K10 £79%kna
TEMIE, COEBREILTH, £oTHA
1335, EHREHEFPs C/EMUA RIBHOXEELREATE 0, HHERHBOIEREND & 5
Hrlick o, HEESTEORENWI 0B TEHD, FITHEHMEEFPs ERISHUEHERLT
WA Z EBHEREINT,
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4.5 #E Pu QOERESH
7o FALED AL, O, WEFTAKEPuL, PuoBERLLTEETHY, HROHHTRH,

Ad, O BOPuiBTY—F /L, AAVZBETPuLAmZNHL Ta— countingiC Lo T
AT TR hs, SHFEDBBLOIIC, EHPu 0 7 4% B L THHT T 5 IR A5
S e

AlEHER, FPs oM LRI, +Y7F0 » 72T, BREE10g&LT, AIEOGe
BHBIC L TR AT o

an45u,Mﬁanu®rx&7rw&%b.cngme~ym5g,ngm@%§ﬁg
WPu—23900Y¥—7, 344, 393, 413 keVAEEEL, E~-7HEEN/ <7 YF, a— coun—
tug&mﬁ%%ﬁﬁbk%%,%%%KA§V$,ﬁ%®¢aw413keV®E—7%ﬁﬁbto

CHE— 7 ERAOT, ERBWT A =67 v BILEROREF @ — counting & T LT E

T s

Fig. 4712, Pumy <z boibl—-OREEETRLILbOTHD, My 27 bos
FY — ik APuBE, MEICa counting CLAPuBEOAHELRL TS, Zipn, TA
Ry bR ARY—&a— counting DFEIR, 0005~005w 0 PudKBEOHEMTHRAT20
BTHD, SEERSTMTEORESL—KRLTVE, £, SEHMERELT, Pul, , Pul,
—~UO,, PuQ, ~UO, —Inactive FPsITX LEAET, ﬁ%btﬁ(, wERIOEFICHNTS,
PudBlEr— 7HHTICRI O ¥ — 7 BILOO TEENIC.

roHiER, BEAETHOPATOENHELOSOTHD, LEOERRES, EiFr A7 ot
|~k nTAL, O DOMEPuZHBITHMITE A C EMFELE SN,

4.6 £ =
MiQ%ﬁébTE%?ét,mFPs@4Y§4yﬁﬁu,r%:ﬁwmgofiﬁ¢myps
07 v EAL  BEBEHAIIHET A ENTE . QERBOHFHBECHTE, BELEIL,
Geth i RICE» TFPs OWENY, DFHEERHBIENTEI, OBEPuODHTI], FLL
FhE LT, Pudr Ay hax b —ltksT, BBHICPuBELSHIT T AHEMEEI NI,
X3z, AROMESEE LT, ChLOMFEASORBRIT AeHICE, BOEERL,
TR AEERET 4 THREA RS T 20885 4,

o O
rz&7bmfb0—&?~ﬂMEKOWT,@ﬁ%wtﬁwtﬁﬂmﬁ$ﬂﬁﬁ%$®ﬁbﬂﬁ

ARL LT Ed,

BE R
1) T. Tsujino et al 3 J. Nucl. Sci- Tecnol. Vol. 10,No2 ppl18 (1973)

?) Emyie®E, JAERI-M 6392 (1976)
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Table 4.2 Estimation of shielding ratios fof - monitor

counting lgfluencing | partial 4007
_NYessels| fjyoringtor cold trap

vessels collimetor condenser | NaF trap
fluorinator 2cms — ~ 1200 |~14000 | ~ 4000

partial .

4 ~ 2000 — ~ 2000 ~ 200

condenser

400°C . ~4100 | ~1980 — —
NaF trap

cold , ~2600 | ~1980 — —

trap

Table 4.3  Analytical error of activity analysis

Samples Ritflerring| RI. conc Variation (%)
from ratios (1 Ci/g) | RU'®® a} sp24 ©) | \p?® b) Te23mC)
Fluorinator ~ I/550 ~ 0.l [~ 4 | O05~100| —
400°C | N N R B
NaF trap ~ /650|~ 0-2 7~ 10 3 ‘
| 00°C | 4o | —
NaF trap —| ~/2000~IO 13~70 50
Thermal [ -3 - —
decomposer ~ /550 ~ 10 6~70 ] 100 |5~23 O
I 3 - L -
Off gas trap ~/2500 IC 6~20 7 (2
deviation (‘(’}o)) -8~-47| -1 1 |-45~+|6] +60
Run (n =2~3) d) calculated from activity balance

a) 4
b) 3 "
c) | g
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Fig. 4.3 Detector system of y-monitor
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Am24|

Am 24|

Am 24| /
FPu 239

/ (344Ke\//)

OPu239(393KeV)

@ Pu239(413KeV)

®
c
2 /
o
(o \
Am 241
|02 1 i i L L — A
200 250 300 350 400 450 500
E , KeV
Fig.4.6 Typical example of Pu ¥-spectrum ( fluorinator )
8 -
? -
—_—— 6 i
>
T
s 3o
= < fuei
Q£
% D:_ 4+ L © PUOZ
}l\ (=} Fa A PUOZ i UOZ
~E 3l deviation ® PuO, -U02-Inactive FPg
2%
== +20%
2 -
P (o]
I L.
a
o} ! 2 3 4 5 6 7 8 9 10
10" w/o Puin A1,0,(by a— counting )
Pig.4.7 Calibration curve for the Pu analysis by ¥-spectrometry
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B b 0 ({Z

FATRELL 7o~V — b (F, 2B 7 » RIE-FPESEHE-UO, F, /NaFEFIL LS
UFawﬁﬂﬁém@PuFﬂ@%ﬁ—PuFﬁﬁﬁﬁ)K%ﬁ<,Eﬁﬁﬁ@ﬁﬁ%ﬂ®7wﬁm-
BRERAT R, FPo7 o R - EREHLERET AL LN GO o2 X EOBBESAE
B omic Lo

TS YOBETIRBIK>OTHE, PEEDEODFSEOALC EBHEEINLY, BELODRT
WAPUuBHTRICS>OTIE, FROEE 02 TCRECDFA2E82CE8RETH AT EHBLE
Nz, |

zhid, FP7otrE PuF, OMFEHHEOHLE, FP 7 ot L B nid 2t itiEH e 0
WS, MEBEFP 7o {bBoOBEEEICLIb0L¥EZ 0N, oA REMEEET 2T
HTH b, ' :

Liotin T, BHREEHEE Ly PulSBTEAMYT 270010, FPRREESE PuF, #X
BEEHELEOHFLOBRA T » 7ABATLENS A b0 LB s E, £, FTBRICEOTER
BT RRNEE & s BT, B 7o —v— M kAR 70—y — bCRESE 20
EHOLELLN, COEESD, RELEDFORAALACER, 7o—v— bERRTZ ET
FETE Do | |

PUOBHER TR, I0FELCLETEIEHESPuF,, BRIBEOERIRITZED T 5,
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Appendix .
FE T HEEERICE

(0 EOEIBICHEBIEAFERLTOAEEBEME,, (FEXI)

% PuF, oBSREEHSECEEE TR, BAORS T2 AL 2-NNE B0, RS
BROMEBER - Ta, S/, S0 E 1 BEE L THBEFSEL T,

2 PudfHLubEHEL L TEOESIBIEEEL TS, (B

% PuF, #BELLOTFPs Oa%xRES A FPEREEE] BoBIRICET A 7R
WAL MEAELTEY, MBSO TIIEREREED TV A,

3 UF, BEHOFLOIEREHE L TREZEL T LD,

% ORGDPXOEEshT0A Na,AgF, (cryolite) 1 EOBRBREHIT DO TRA LY
Td, _

@ UF, BB TEONIUF, OffFd, USAEC spec LHERLABEESORENLDS,

% EIETHRNN LS, UF, BEIBO—ES0OH L0To TORODT, bhvbildEi 7
—BEF LT, LLEAS, T TIENaFIitE2REE RS AAaend,USAEC
spec AMET2XAREITHETE AT LOHBARIKBOTEIEIN TV,

) 7R27POx P —RKEAZPuNERBICENT, SUPuBEOEAEORERD/ YT VAL
DBEERO». (E8)

% AL,0, MO PuBEN0 1wt ERECHAICE, RERO/IY FEMBLUATED, ¥V 7
Ny SmENSEEET LI —HLTHWAEEL oN A,

6 UEPuZitMiLiinT7 v RAELEEBAK, COBEODFBESNLLEL oL LI,

2 U PuiABLAOVENSY » RGEOERE, L7 5y ics0THbhTH S, Pu
IERICEIEHS 2. BAERUEPu L T 7 » BT EHMTHBIT LTV 4. DFiZAO®D
FPREE - HEEICE - TRE A0, —BHICOALON, BROKERZTOLNEER SN L,

"44f

Sy T



