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Fluorination Process Studies of Plutonium Dioxide
by Fluid-bed*®

Fuel Reprocessing Laboratory,

— e

Division of Nuclear Fuel Research, Tokai, JAERI -

(Received January 14, 1976)

As the first stage towards establishing the F2 two-step
fluorination process for stable recovery of plutonium, the
fluorination process has been studied with Puo, and UO2 powder
in the 2"¢ fluid-bed.

Fluorination process characteristics and related problems
were clarified.

This report describes outlines of experimental system and
its design philosophy, overall operating test with UOZ’ fluori-
nation studies of Puo,, analysis with a neutron process monitor

and powder sampling.

% A summary of the oral presentation at the 1972 Annual Meeting
of the Atomic Energy Society of Japan (I11 ~ I15, Tokai Univ-
ersity, March 27, 1972)
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Fig 1.1 Process Block Diagram of . Fluoride Volatility Process
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Fig 1.2 Process Biock Diagram of Experimental Apparatus
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Fig 1.5 Loy-out of Pu Laboralery

3000 _ b 20.000
T R I | L. .
ofl H=1] Ho3
Qi 1
Qi
T __H n A Lt L D c
2 Analy. Lab.
s
& G F E =
[ - = =t}
15,500 .2 .
- : f
Glove Box and Hoeod & F
A . fluorination H=1 ' Fe sitorage 4.500
B off ~gas H -2 . gos feed *
C | pu recovery H=3 pump
D . solid sample rifflerring M -4 | & mounting
£ | Weighing
F . analyticel pretreciment
& . analysis
[ neutron counfing

Fig. 1.6 View of experimental system for plutonium

fluorination, confined in Glove-boxes.
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Proposed Fluorination Proceses

Table 1.1
_ Conditions
Process Problems
u Pu
Simultanecus Fluorination I0—- 90 % Fa2
Pu recover
Fa 500 °C o TREOVEY
Selective Fluorination-
Fz — Fz 20 % Fz 90 % Fe = Pu recover?
350 C 350 -550°C ~Usp, separafion
BrfFs—-Fz - 20 % BrFs ~ 90'% F2 - Pu recovery
250 °C 350 - 550°C
Brfs-F2 ( 10 % BrFs) 90% Fz - Pu recovery
150°C 350 -550 °C
CLF3~Fz 25 % CeF3 0% Fz - Pu recovery
300 °C 350 - 350°C - Yp, separation
Table 1.2 _Design Basis
¥7 Fluorinator
Type Fluidized Bed
Dimension 508 x 600H
Operation Batchwise
v¢ Materials  (one run base )
Fuel 20 % Pu0z2-80% UO2
500 g
Nz ~ 55004

—1

3 -
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Oty #£% - L5 —@ -8 #
k% oAk Kz om@E omET

21 FE
MEOEELH2NT, Pud 7 v ZLEBLTUONERBLLT, ¥ELEIURMELOM
EhAEBETniC, B40EHRBLTN - %,

e ER 2, Table 2 —1CRLAEIIC, FoRILLE2BRT R, Foit k37 v %Ak
M, BRAEFRBELTOUO, D7 v RMLBBDORF v 7 TITH oo
FoRCILE2BETRITIE, Ry7, FRUEORE, FET A ML ERTE -1,
7o BALAMEE, DRRACERBLTOARMBORE, i) EEARIC7 vt OHEE L >
(BT e, i) RBORT v B BBET B L2 EMNEL T M nte CO7 v RLMEK
BINT, I—WFFF o T o492 a4y bCR7yBJBUTHORENELR TS,
Ty EBRETAECD VI TS @B HFEKEERINEL, UD, D7 v RILER %
BT A0 &N TET,

TR, UO, @7 v EERBRTROIC, EEER, BEA, ZE80fHEHRITETo20
THND,

22 B®

UO, ®7 » L EBIZ, Table 2 - 2KRT IO, EBEOBRAEHARLEIL T, 1) &
BEOETH, ) 740 f—BLEUT o —y 7KE, il AHEOEKEHE, v UFKSE
HANaF +7 0 78I 78 2P0F, REAFH 7L IF b7 o 7OMELEOER T EH
BeEl, 454 vae=f—-tLTHEBRBLTLWATCC(ZHURCHESH) 0B B LU0
—TEy t ZIEEL DO TORBELES, CHICERT AL RN ERTHMEL TITNH o,

LLTRINGDHILEENRBBORE., AHEBKSI ARG ERBEHN, UF 81U
F,IRE LT 9 TOHBIT DN TH~RE,

23 XBLRH ,

FTHENEREMEET Table 2 —3WWRT, BIERFRIF, ZEB7 » LB LM, F, B
Bii~20vol%, RBBWOREEFEIZ350CEL, UP-01 TRUQ,MEFE*BHAR
W 500g, UO, AL, O, %x 1, HBERoOFNZBEE®T 7 I Vv EREBFICLLHER
CBWTEHEERREE THrr~14em sec & L1o

L LBEHNG, 2FRCONLEHIC, COEBRFHTERELRTRENB oL 7D
T, CNERETEZBUEBENERTR, #BU0, B, 52VEOHORIEEREEEHE L,

jknyIyV:71Jyﬁt1ﬂz)
O nEREE
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Table 2 — 3IC/RL %A RBRER, HBBEEORNEELOUILL LD TH b,

2.4 ERHEBRLIVUERAER
241 WmEBREOCEEH

FERE ST RIS (UP—07), REERHBE (UP-02), F—+ v/ 2RLASA
(UP—-03) DREWLLEEL(OER Y Fig, 2—1IRL1z. F, # ROEBFHEID, H#HB
BEOSBUTEE IR X 24HIC, bvol% , 1 0volBELIEREF X, 30900 1K
RISICERTED 2 0 vol®B & L,

HRENRENMAEE LR, EB8DhEZ TALXETIRNL, Fig. 2—-10UP-020f»rc
S LS, 20volBF, B LABE#OI UMV L IBMOBSAZLELLDL, €8
LPBERIEELRBREETRLT 5,

F—F 7R LEEASIE, 20vol®F, #HBLI-ERICHESLLIECRD, —F /-
FUSBRBRETLE, HREAVZREHALABOCS, cherHR#mswscidtan
hot, | '

BB OARAEEHZEBT A HICITE s~ E&HLEE % Table 2 ~4ITRT T —F 7
OERIE, 97 79 tBHoOPBERY (UO,F, ,UF, &) OEFRICLDBEOKEM 4
Bl btehEEZoNnOT, UP-04 L, U0, DX ABZRB o LTHRBEORE 22
»mh, UP—06IEBNTUO,/A1,0, HE 0 , 3 &L, TairhEEZLH (60~120mesh
560~120mesh500g+150~320mesh 250g) 922+t —BRELELHBREE
BB EMNTE . T2, BOVRAUSBEREIRZ NI T A I # & (100~270
mesh) ®HWVACZEICED, CEBBHRENBONZU0, A1, 0, % 0. 5 KT 3L
EMTE,

BE/ TLIFENTEEBNTREVEHTT7 v &b Tac&ickd, TLidrdAnig
ABEROTTRENZLI AT A NDT, TAIFORMBEHT C &iCk BRRERT
FLNC, AR SR T~EMBEATH 2, HEOH, 3 OHRBBCLEARRTRT S
BERELNTL A A 2EBBEDE MO B LI NBREL, ABBORRERES YL
EMTELEDEEL T D,

242 WIyHTvERILEE

ERERO—HELT, UP—07T K AZTCCEHAVTRIEL:UF OERER, 7+ %
OHOBES Fig, 2 — 2 FBICR LK. UFg MM, 8 — i, $ TR T3 3"0
FREBORBEIHULTE, SHMEEO~500gUFs /dof *hr & W52, HEFRZEO I
BHEEOHKOIHEY cHE Lr 3 dReBoRs, HARDE 2 BET AL B Y MAELE
ZoNb, §HTAIFHADY S Y OBEBIV2HEERETHO, BESBKCIPENILNL
LR IN,

243 FmENEOIER M

HEBOBRESEMO—-FlE LT, UP—0TKET 27 v BRILBEORIRER & N8B I2E
*Fig, 2—2 EBCR LY 7o RABCRADRENMLTOEODT, 20vol%F, &
W L EROEHEEBMNE-T520~300BREEFESEETH:L, BREH380C

._15._



JAEBRI—M 6382

miﬁmﬁﬁﬁaentc%nu&mﬁwfm35&H0cmﬁ@mﬁ@?éc&ﬁvg,ﬁ
HEE s CBEO RN EHBRESI NI,

244 F7y THOMHE

1) UFg ERBNaF 77
MF&VVbﬁﬁmm%ﬁ@ﬁﬁ&Vvbt7w£mMELfE%bﬁoFq.$4MU%
ﬁ%mNan§V7°wv—1alw=14lm@méntUFeméémﬁ%%ﬁmmfihb
t@@f%éoF@.z—mmewemm;ﬁwﬁmmbawf(qusimi¥%?67%
mﬁ%énfw%ocmﬁmUm/wamemo.zgamotﬁh,b%viﬁ%ﬁﬁ%f
%5c&ﬁ%%éntoit,cwaymﬁwaoaymmme@mﬁmguﬂ%?&q
e

2} A7 HARMI T

b3 o7 (PY—32) HOKEF 27y RBER, FHETLIF 7 w F3REOBEIC~

2 dopm, BTN IF LIy F2HE, JoFFAANT 5 T IAELRBOLCE 8 ppmiE
Ef&h,&Bm@ﬁ%ﬁBﬂﬁ/hﬁE%é@?,bfnm%éwgfu—iﬁvﬁxmm
EEM&SWmHT&HD.ﬁﬁﬁﬁ%%ﬁbfw%C&ﬁ%%éntn

2.5 HMEOMELASLIVERER
oay7yimﬁﬁaﬁmﬁwféttmﬁm%%ﬁ&bfm.17ﬁz@ﬁ%®ﬁﬂ%ﬁ.
&MS%NW?ﬁi?ﬁzmﬁmﬁiﬁféHRHGlngxof—%%ﬁén.kﬁyf
m/fwﬁﬁﬁﬁgwﬂwfxbU—aﬁ¢Utc&,Hﬁ@ﬁ@wgaumjmm%u—a,
E— % —OWREEBTELHBEATH » o
%%@Eﬁgﬁ&bfm,7v7vz%%(Hweﬁamnwamﬁ%ﬁmﬁbfmgﬁg
Hm<.m%ﬁﬂﬁﬁm%éfm—7@@K%mﬁb6?@5K%%T%%C&ﬁ$%éﬂto
it,%bﬁwfmﬁﬁbtﬂzﬁvbﬁﬁﬂ,ﬁm&iméigmﬁzmﬁ4ﬂzﬁﬂéﬂ
%ﬁmﬁotwéﬁ,fu—i&ﬁm;ofﬁﬁﬁﬁﬁﬁgm,ﬂOE%@T%%fcawT
x, GHTHACEDEREINO,

2.6 HKEE

DEp~t- ko, BREFDHRRL LTUO, 7 v R EBRETEL, S DM RER TR R
fa&&%m,%&btﬁ%ﬁKOmegbﬁ%&%t.%ﬁﬁi@?%tmﬁﬁﬁﬁ%ﬁ
. JEEICPUO, D7 v RACEREBBT B LTS,

% £ Rk

1) Anastasia , L.J.et al; ANL—7372 (1967}

2y AK, RiE, &, EE. RBE (1972

Biﬂx.maﬁ;%ﬁ46$ﬁ¥-ﬁ#1$%ﬂ%.%ﬁ,A—13H97L40—8
2R



JAERTI—M 6392

Table 2.1 Step of Operational Test

Nz flow

|

F, treatment

|

UO, fluorination

o

PuQ, fluorination

Table 2.2 Purpose of UO2 fluorination test

I.  Overall operational tests on equipment system
a. fluid - bed stability
b. blow—-back and filter efficiencies

temperature control of fluid — bed

o

a

capacities of UFe and F2z traps

2. Process tests on in — line monitors and powder treatments

3.  Getting experiences ond proving glove—box operations
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Pressure difference in bed (mm Hg)

Pressure difference in bed {mmHg)

Pressure difference in bed (mmHg)
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UP - 03  {Caking)

Ny putsed fiow
to obtain fluidizing

Process time (hrs}

UP — 02 {Unstable)

i 1 L 1 1

(@]

2 3 4

Process time [ hrs)

UP — O7 (Stable)

F, stop

Process time [ hrs)

2.1 Fluid-bed stability through differential bressure measurement
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3. PuO, 07 vH#{tEs

Om &, wH 1©E. il #
g —f, AR K=, BE OEET

21 FsS

HERZI NV by LOEREEET S [F, ZB7 v ZtHE! *+BUTHC BRI, 2D
FIBRBELT, PuO, PAKEZ 7 v ZEAEERETLL, TE P07 » REHEL &Y
BCEBTELOT, THHORRIC2NTHET 2.

4 TiT, Argonne National Laboratory”(ANL U.8. A VB L Center d/Etudes
Nucléaire de Fontenay—aux—Roseszi (EAR, France VBT, AEOEREMTEI
BRTOES, VEREERPURERESBONTE ST LOAL 7 vt RERDE ORBEE
U2 FEBRABO 2L b T 5,

5.2 &

321 EEi#E

Table 3-1 KK RET LA, PuO, BRE 17 %0 40gBiEERHNT, 37 (PF -
01~03) OEBFTN 1o HEEEE LT, E@RTLIFT50g e FRL, R 7T -
Sy U BE FREAEELY, CELOTLIFES O gBEERBELLBDTH S,

7y BALGBERF, 0ATANE [F, ZE7y£ILE] e EELTE60T, IHhFE T, H
AECBNTIRELNERTRBRALTEA3X080PuERFEEHFEC &% FRICHETE L
b D TH b

REEEIE, Pua7 v ELBHE LIRS~ T w75y THLENT, THHHLTERES
Eny 2 5EMERAL .
mﬁ%mﬁmﬁETFM0§y®7vﬁm%#m35MM%J50C«&%%KL%§@J}
BEWEET, iR Pulfs PROMENA 200, RECELLLOHMILL0T, 20R, A7y
FO»I00TCTICTER IR TS,

7viﬁgc%m350CTMS,lmzuvm%&m&iﬁéﬁao1}&400EKL£§
A&, ~9hvolBiCA LA IHEN, 08k, KIEHZAZHBERZILLIOT, 7o—r
w I BIUEFEF A D -UN, THREO, H2KERICEEREDC60~T0HBIET 5,
ERFEEZE00mmHg R TH 5,

HAGRIR, Blo7T 7 ) vBERREBEERCI - TRDPCLERDBCHE2 L THAL
FEOT, RARGOS Z2OFICREORET L, 2OREIELFHELEMZI 2D PPENR

BEICHEE L,

*NRARE (F o/ L P=x) )
OmoEREs
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71 (PF—OI‘JEJ:U'-?‘/Z(PF—D2I‘GE¢Table IR TREIMLUKETH 548,
7 3(PF-03) TR, 7HERELEDTCERIFLILBLIUBE 7 v ZBEHDPPEL
BEBRNTHIIBIIALTH 2.

33228 SoNFE

7y BRILERFREE (4F) $2048FE=2-T, PVt 20HERY, EEL L
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AR =, aFHl, HEr0EHhEFHAKCL - TED.
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Fig,. 32121 —RIERFORBREE(ERTOOTPF-01 TRESBICY —+ » /s
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EER7 v FR{LEENFGoh, PF- OZLciaHZ:ﬁKJEER x1230g Pu/dof "hrBBE T
B0, FHEER, Z10~20BETH 2.

FricHEsheT—2 D05, Table 3-1 K TTRECA S TIHE L - BB HEE IS
TRTHOT, EFZ DB LML EDEZFT—HLTL B,

NEMBOHENREBEOR L PF-020EE/ YL -5, SHBICETIHSEES L 0
BEOHLEL-THELILERNZ 0BIHEETIN, BB+ AETICECE > TEE
TyFRibdh b,

PF—03m450CREBIZPPENT7 v EMLEFR, F, BERY HRATPuF, 0 LY
HUNAEL, 27y RBENBNEHEEI GRS,

RIS ITRE 5 PuFy OBBEHMEITHT 2 Puly BETEZE XN 5 fluorine effici—
ency 21 0%~30%Thbo, LIEBETICLIzd, HE 22—V ERICETFTT2ERIKC
H 5o

KA PuBTEET B PF—020400C KB} RIEEFREE =71 2 AL, (1—F)
EQoBEE Fuy b T, Pig. 3-3 0 RTESK, BHERSEIARLPTORGEE
k=13X10 "min 'MKkwoht, coBRANLOKEHBCE N 300T, 450¢C
DEIHBELT, BEEMNNEDTH D, COZFEMT Loy AToy FZIZIZESERICH
D, HEHALEFLF-AE=~9kcal/mol KHELT 3,

332 #HENHE

Table 3—2i2, 7o bt =29 L 0HFNZ 2T EHLEDT, NaF~OERKRRIHTHD T
YN TE~91%FIER, 7y EMEON7 UBRKRDIIC | BFTR, ZSHRREHET ST
(TCCYrMDF A vy 7nhil | ~3%EETHD, BREIH-ENREZIZ~-I4IBEFTH
%, '

~F, —OHEETHELETLIFTHOBERIPF-01, 02 TlILDAEL LA%ERE,
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DENERTEB LN MBELE Y S AL IO - — bk Fig. 3—6 iKRT.

335 %BELOMEM | -

TN =D LDT7 g IKBIEENT, BREY FORBOARESE YR T, A SRS
RERET, EBRERODT AL ENTER, GEDAEEHRZF = v IHOBES LIRS TA
OB 4> T4 vE -k RHEE B C I E > TRE Lo |

3.4 #E
Fy ZB 7 vy Fit#E] # YT HEIL, 2B 1BEELT, Pu0, PBILLET
y BUCEBRETEINT7 v FEE, ENE, BLUTALIFHOBERIC SO TEY 4 E A
Bon, BEPuo7 v BILERLIEBT 2 LB TE 12,
FEOCHREANLOBITEL/LZATHD, ARchooREL S LICLT, 7 v &Eit
ITHORR RS DL, TRFECAEL ot X7 2 2 BB LT EL ThE.

28
1 Levitz , N. M. et al ;

ANL—7468 (1968), 7473 (1969
2) Manevy ,G. et al ; CEA-N=1419 (1969) 1479 (1971)
31 Anas-tasia,L.J'.et-ali |

IE/C process design & dev, 11 150 (1971)
4) Steindler ,M J, et al ;

ANL—-7575 (1968)
5) Jarry:, R L. et al; _ o

ibid—7077 (1965)
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Fig 3.2 Fluorination of PuQ, with F

{a) IE/C process design& dev. 11 150{1971}
{b) CEA-N-1419(1971)
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Fig 3.3 Utilization of sphere-diminishing model

to Pu0, fluorination
(a) ANL-7575(1968)
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Lo N3
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Fig 3.4 PuF4 deposited on the line and process vessels
number , neutron cpm in PF-0l (PF-02) [PF-03)
(including neutron from AmF3)
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ZELR

1} Shinn , W. A. et al. , ANL—7402 (1968)
2) Steindler , M, J., ANL—6540 (1962)
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@) @)
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Fig 4.1 Neutron analyzer with multiple detectors

( H,0 - moderated BF3counter)
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Fig 4.2 Neufron monitor with directional detector
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1 1 ) 1 1 l L 1
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Fig 4.3 Axial sensitvity in the Neutron analyzer
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directionat  detector

36cm - (SR} overall

Counting min. shielding
NoF —trap vessels rotios
fiuid - bed (PV=i12) fluid - bed 8
(PV-10)

NgF -trap 14
a plan figure of glove-box A :

Fig 4.5 Estimation of minimum Shielding ratios

for the determination of fluorination rote

|05..
o
]
N
w
T
=2
2
o
©
g 0%
€
=2
8 O NoF-Pufs Powder matrix
o NoF - PuFa Pellet matrix .
background level
| 1 i
0 651 | 0

Pu {grams)

Fig 4.6 Piot of NaF-PuFs Neutron Counting rate
and plutonium quantities
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Directionol detector

temp,
—_ 350 ~ 500°% - temp. , 550% end of reaction
§ 5«,2dv/° > 60 Y% -
:_2“ sb Fo ! Fa ' F2 . >80 V4 Fz2 stop
5 | b
8 <
‘\é NaF — trap
® 2
2
£
- €
8
Q9
c |
(=]
5 fluid — bed
[}
P
1 L 1 i L 1 L 1 1
a7
10:30 18:30 13: 30 21: 30 5: 30

Process time (hrs}

Fig 4.7 Neutron response due to plutonium movement from fluid-bed to NoF — trap

Table 4.1 Neut

ron source used for operational fest

*
Source NaF. PuFs (PF—011~3909- Pu-T_S"’/o)
Powder or Pellet \PF-02: ~ 295g, Pu-9.0%o0
oo Pu-238 0.08 %o ¢
Pu_Isotopic -239 824
ratio -240 14.5
-24] 2.3 *
n
. - | 7x10° /sec. gPu
Neutro.n‘ P22 Fa 3 5x103
spe.ci_fuc Pu24° Fa 2.3x10°
octivity Pu24 Fa 2.3
Total  7.5xI0®

» Plutonium concentration by cerimetry
%% Neutron specific activity from Steindler's data
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522 Pot splitter
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Fig 5. 1
Alz05~25kgl 25 kg/hr<}
R=1/23 rotation
! 180°
.

§ solitted somple

Fig 5 2 System of Pot splitter
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Mother sample in let
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Pulley { Al,O3 8~35 kg/hr)

58 R=1/24
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Sampling rotor

T~ Sompling arm
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' Splitted sample

ouf let

Nen splitted sample

rig 5.3 System of Rotary splitter

Fluid - bed Line fitter Vucuum&Nz storage l Ne
D

Ball vulve /

Fig 5.4 System of Fluid-bed sampler
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(x10) . Alz03 : 100~ 270 mesh
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rig 5.5 Sampling variation by Fluid-bed sampler
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nu1e 51 Sampling variation of splitters
( The system of Al:03 & Al:0:-UQ2)

Table 5 2 Operational

Mixed Al,0; " Mixed powder
Splitter er Size
P clljvr:ugz (:‘;:E)Sf‘ bias (°s ) cv (%) 'Jvemge(ggm) cv (%)
 Chute riffler | 19.84 | -08 | +21 | 2024 | +58
Pot splitter | 19.24 -3.8 2.1 2194 *N.6
3)
Rotary splitter |  19.83 -0.9 +06 1770 25
1) 100-115mesh Alea(O.S) 150 ~170mesh Al203 (0.2)
2) 13 mgUlgAIan '
3) 200rpm , Powder flow rate 30 Kg/hr

characteristics of splitters tested

ration i
. powder opera operational | .

Splitter structure | confinemenf§ rond | remofe | foctor [mainfenance
- easy | |

Chute riffler | simpler bad  f#ime difficult little easier

consume )

Pot splitter | simple | better | easier easy less easy
, rather rather .
Rotary splitfer | complicate | good | easier easy many | difficult
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Appendix 247 kit 5 ETEERIHE

(1) F, B 7» RILBEOEHITO>HT (FR)

RIEHAE LT, Fo DBEBNEDT, HARKEB LU A7 H# AMBRBWETH 2oL
HLUFs MICEMET A PuFs OENMRETH 2,

(2) NaF~OPuRBE TR PuRIRIEE TIIH 00 (B18R)

ChiZ7 v FZBMEEBROBMN LPuOHBERIERE-HDIENaF~ORELEMO TN EDOTH
ST, TN SDPuDEIBEZ TV, EEBOTE TR, PuFg 32—V FE3 07,
UFs Rk L7z PuFs i3 UF, $2 0 I2UOF, ~ORE, (¥ BB CANBEE L HEL B
NWAZEEEL TS,

4) TLIF~DEREETEROIREEZL LDD,

BERSEOES (~1%2T) , BRoRET 20, BELBTOEES, BRNkaR
—H7 v EMRENONFEAES B ORT LI FOFRERICE > TPuBAE FFAC
EMTELE D

o) ANLEXLUFARF— 4 &DOHE
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B, ANL:ABRELIUO-BER (v7, 547408 —) 2EALTVWE, Ba
DERBTCCHLENCl, HB IRV —F—54 aMBTENRTLHCI TH, FRZOR®
EANLHEORE v ANVICEFR LI NEEZ TS,
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tz PuFg B3 E NaF~ABREEIN L EELI SN D,
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