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Fluorination of Uranium oxides in an Engineering

*
Scale of Fluidized Bed

Fusl Reprocessing Laboratory,
Division of Nuclear Fuel Research Tokai, JAERI

{Received July 15, 1976)

In the R&D program for the reprocessing by fluoride
volatility process, batch and semi-continuous fluorination
have been studied using uranium oxides with or without non-
radiocactive fission products. A 3 inch-¢ fluidized bed was
used in obtaining the engineering fluorination data and also
handling techniques for kilogram guantities of fluorine and
uranium hexafluoride.

Described are the eguipment system and their technical
experiences, mock-up experiments for the determination of
fluidizaticon cbnditions, fiucrination rate and F2 utilization,

and developments of in-line gas analyzers such as gas chro-

matograph and thermal conductivity cell for F2 and/or UF6.

* A summary of the coral presentation at the meetings

of the Atomic Fnergy Society of Japan. (1970~-1975)
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Fig.2 7 Blow-back gas balance for fluid-bed
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Table 31 Fluorination process
Simultangous Selective Fluorination
Fluorination
uort F, BrFs BrFs CiFs
\/
v ~2OVbFE ~2d%35”% ”2543C”%
U [10-90" F, . o ? 0
1350C 200C 300C
500°C v
\Y
90YoF, | 90% F2 |90%F, |90bF:
Pu o o
o o
550 C 550C 550 C 550C
Table 3.2 Average operating condition for fluerination
of ;05 powder
RUN NO. ; UF-2 UF-3 UF.- 4 UF-5 UF-6
Material Charged
308 ; Kg 0.50 1.93 5.13 5.23 5.20
ARCB ; Kg 2.0 2.0 20 2.0 2.0
U308,/ 4203 1/4.0 1/1.04 1/0.38 1/03% . 1/038
308 U3oe U308 Oxdation of  Oxidation of  Oxidation of
Uo2 pellet W02 powder UOZ powder
Flugrinating - Conditions
Temperatures
Fluidezed Bed ; *c 350-360 350-360 350-360 350- 360 350-350
Disengaging Section ; ¢ 200-220 300-33C 280~300 280-300 00-350
F2 Concentration : v/e 7.2 8.3 20.0 20.0 20.0
GAS Velocity ; em/hr 18 1% 20 20 20
Reactor Pressure ; mm Hg 880- 920 B80-1040  8B80-(2000  880-(1490)  880-(1600)
4.5 105 7.0 120 85

Fluorination Time ; Hr
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Tuble 3.3 Uranium balance for fluorination of UzOs Powder
UF~ 2 UF-3 UF-5
G ly G % G
URANIUM CHARGED 420 100 1632 100 4435 100
URANIUM RECOVERED
UFs CYLINDER — — 1463 90 390 89
NAF  TRAPS 281 67 42 3 150 3
SODA  LIME TRAP — - — ~ 203 5
TOTAL 281 67 1505 93 4303 97
URANIUM LOST |
BED Al.03 46 1 06 004 84 02
REACTOR WALL 54 13 —~ - —~ -
BLOW BACKFILTERS % 6 8 05 13 03
TOTAL 124 30 86 0.5 24 05
UNACCOUNTED  fer 15 3 1184 64 1106 25

11 reaciion rate for fluorination of U0y powder

Tabie 3.4 Apparet
‘ fleorination rate
Run ;
kg UTs /hr _ kg - UFs Shr - enf
UF - 02 130 ~ 140 ~ 2.8
03 340 ~ 3660 6.8 ~— 7.1
- 05 490 —~ 520 98 ~ 11
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Chargi 1 Loadi £ Fluorine, Diluent gases \
arging o cacing o . (Fluidizing medium, Bed ‘I
UG Materials Support, Chemicals for traps/

Leak Check

Fluorine Baking

(Baking at atomos.Temp and
elevated temp

7
T -

Leak Recheck

1

Oxidation and (Nitrogen Fluidizing )

it

Heating-up, Oxidation

Filuorination Fluorination, Clean-up

J
1

Shut Down and .
(Fluorlne stop )

A

ey

Nitrogen Seal Nitrogen Purge

1

Discharge of Transfer and Cylinder-
Materials Packaging of UFs |

]
]
E Nitrogen Seal

e e e e A -d

Fig 31 Operation procedare for UsOg fluorination
in fluid—bed
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4 UgOg, UOZ a7 /%’ftﬁg

Ak ESCME O k.m AmE, BB R4

41 ® T

EFTRELA[F, 287 E4E)E, GREBEETET Y v 2ERILE, KNTH
BEBENCESH TTPu 2BRBITL9-TH30T, PuBRREOLALL, HELAT X
P HEEETUR27 » BT HZ EBBBETHAE, LAL, COLIERFEHETIE? » RILEE
DETABTLRZADT, RIEBROFERE, BESR (EL FERE BZHELXE) OBE,
F, ARROKERE 7o e aRHOE,L, ZOBRETO 7 » ZFUBEEXBREBEL T (T &
DEBLRD,

FrT7 v BAABER 3350 CLED, E1ETRNIA»F7ERABE 2B TUD 7 »
I %FTv, BYREACEGICELZ & 2HEBL (F38), 3 ENTZONETO 7 »
RILEE, F, ABRECETLIRN 2Tk, COER <» 78, BE, 7 RBEACE
BOBRESEOEECREIT EE/HALALINADTIALEOWTHET S,

4.2 RBFE |

WESEEE Ak L, BNFEASCEL L, E3BCRYELAOT, LRI AY

JUMBL A -ABFL O TORMNL,

421 RE(BL»s»)

Table 4.1 AT U0, , U 0 2Hn7,

(1) UO,; Reador Grade ®UQ, ~Vvy F 2BBEHF DT, 10042 v HMUTOD
D ERERALE, ' _

(2) Uy04 ;3 UO, BREMEBICLY 450 CT5~ THHEIRILL LD, BOUO,

iz, ERRBUTARBRADUER LY BB INAU0, BEREEHRLA,

AR OBRARRERBAERR, EF - SLUEHRETCERELLTnE 7 —v—} (T
BotzdbOT, ZO7e—v— ) TERHFEFRAE2HBECL b HEH (SUS) 2REL AR,
BE L — F P ERMICEHRMLL, SHLCLBRE VBRI E, 7 RIBCHBTL L %8
ELTwna,

422 RIEH

ERLAEBREEOTHE 2 Table 42 WY, TNLOREORILE, £LLTIF, =
B7 s 2E] 07 e 2EHFCHENTWE, ERTONTERAKRBBICL L 7 » Z2LRIDE,
UF, »8&2BHELELABEAIENDT, HERBE2UF, &35, 3L 13450 °CEL
LOBRTOERLAEL, BOLOABERERETO 7 » BB ~TRE VAL T
i\,

SEHBEL OB TORROERZBET LD, E3E TR~ BRLCETE, =

CH DERERE
« RE =E4BH
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LLT250 CTEBLTHEE, $HAL,0, BEIXMIO®KBEE 1.5~ 2kg O—EEL
s TEBLTRAZD, U0, OBR{GER TRET Ly —x v 7 (FHE) 20LT 5%
B, TOHAS kg CLETEL%2BAbo/k, 2RENERERLLAT—ELRHHA1000
mmHg [CHEL D2 ODEBREZ1T- 7,

423 & #

HO#ABOUF, #LUF, BESR, ERTHERRAREEES (TCC)EALL A v 24

vHR I b o EBATHE LA, TCCOBETWIBEOERMIVAURETD L,

43 EBREREBE
131 FBL=FrOBFEETHEGEE
(1) REbeFrOBMYE
AR RO S % 0 SERGCHL, RERGERCET 5REEREF A (75 v 0
7/$KEKKOWTMﬁﬁ)%T»&%Wﬁﬂé)%ﬁ%?%c,%KEXQDg%((l
CEY ) SRR LESE A nbD s [ Ly RA| L ) EEF - 4R EBTES, &
CeFap, BT 5y D7 v BERBIC OV TR 5 L AR ABERCEE TOREE
%§%%%b%ﬂ1méo
Fig. A IREMNARBRCOVWTIO=F72»2HFELABOT, HRLAZ C(ERPLD
BEAZE L, REScFA0LNE BO7e » P CedAESR (BE) OBREBTATS
s oNLESMITOREEE K #5454 Table 43TFATLICZOEIREERIC L
THL —~EE R D AN,
. k
kzr;

LT k, HEEEDAVOKGHEE, ro,p RETNEANTOMIRE, BELERT,

47, TFALOFELIK BESELCHEFN TS UHPERBECRLAVW—EELZELHNE
K%ﬁ%?,Fg.42Km?ca<,km@ﬁﬁﬁi«%<ﬁﬁbzm@.tﬁb.ku%
A0 ORECES(HSAETF, BECEASINTHY, COHAHF, RESVHAREERET
YIRET LM, COLTHRNAEREATNOIRLEEN NS (EA/HOOCTF, BEELD )
AVOT, COEBILSRN,

HEOEELL, REO (BHREB =74 | 3350 CHLDERCETIRILY 7 v HXRE
MORBE7 »EZBHXEAGKEARTEAWC L5,

(2) FHEIGEE ( Ry )

HoBTRNASEL, CORETOD Y »0O7 v Bibid, BARLOBEHBER Y 7 ~
EORALICELY, —FORGEEEAL, AT LI RED=F1 ] PERTEARAVD v E
LEECLL, COFRERARRIZ, RESEBELOLOOERICKRLLEEEINLGD, AT
F S BEBAPEDALLTHELHIAOEEERPLEAOCT, EROER "2 - 2EEL D,
HOLOARFHAORGEE (R, ) 22BN, '

R =
100
T 00
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T, WIHHEHE, 1, RARLRESMTHL,

Table 4 41CTRL7TE L, R,OWENERL, BRHARGETR (A)H, RLCHE
E4+ A5 v BEEWO nBC AT A ERETHLENL - TEBTAC L HEL, TOK
B, R IVEBEFEOnECEATHII LTS
432 7 s ELHEE

DEENECHT AP EEILEEOKE I 2 Fig. 4 37T, BMLb, Table 44 T/
Ltafinld, 08:%h, eF /0O BENEREMA > TELLIRTFHAETLLRE
i, n=1THEANEAR LAWY, T T1L0AIVWELBLhAREBL LT, BRILE
BT, EOEEERAMETL TR AL LEEF L LA KKD, A —ERE, HECHE
CIHEHOF, BEZ, ELEOKEALERRA4A ¥y 2 Y —OREABHCETT L4,
BAD Z & (T OEBIIRBE NI W,

bt MICIEPu LU FP 2 BRMLARBCOWTOANLOBR &L FPu 0B 27
ML MO ERFC T R VEBO 2RI T B, Chbid s bIC, 24 ¥ 7 RRBE
TH-RIDTHEH, MERLLTENLEICEN~3HEENCIHLT, BELOZER
AEBDOLR AW, TALOBERIBALLA TRV,

&ﬁmﬁﬁ&%F@.44ﬁﬁ?o%ﬁm1$»¥—u,29kww/m01&&b,cmﬁ
12, BER (16~33keal /mal) THESATVARE L L(—HL TV,

BRCF, BEOCKAER Fig. 455, MHEF, mECHL, FHRIGEERD YK
Fl+ oz EMFRaAN, COE4IBRFOERE—BL Tns,

U0, &£ U,0:LDEBELCO>NTIE, ThERBREBLTnZWA, —Fl% Table 4.5
CFT, . Fig. 43~45 0 U0, )L & BIEU,0, @D ERLF—OEETERINT
BB, Table 450HELLVCHFO®LtQLOATCHEERZVBOLON AN LD,
FEODERILBH I O LEEINE, AL,0, B & (BE ), VXMEOERICD
NTRELCHA—RE THELTREL TV ANVWD, ABEOBRGALFOREITRPEINESE
Zbotdh,

433 F, #BA=

BEOF, ARR2ROKRCERT 4,

HABO T 7 »H1 00 BRIGTHLCRT HILFELET + &

10 0%t A2eTBRE LAE7 v &
cmﬁﬁ%%szﬂ%%Kﬁbf@,Fg.¢ﬁ%%bﬁz&<,%ﬁfﬁibk$ﬁ%&
Rm&@%dﬁghfmémf,ﬁﬁ@%mﬁ?émﬁ&m,%E@%%;b%%f%wfm.
L EDEREIhERLT A, FAARNAE IR, ANLTOREEE" chBTsE, 7
v BALEEFBICHEILCE N, _

TOBEENF, ARE~AOWEELL T KEIEOF, HRBEBILT AT EHFFLLND,
Fig. 4 7TOEBRCELTLF, WY&k SE, 1 <20F, ABECHTLEREF, 8
BOSELERE Fig. 4 80FRT TN LV LT THELLENF, ARROBRLCENT,
ERIGH AR BB IELLLEICLY, 80~90% U EOBENF, AADREZENTE L, K
L, ... RERTAHCR. BEOY V- Ve 2RETHLESDD, By v 27 v &

7 120
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e A0, PEETLZ L 2ERTAL, F, BRAAGSELD, Tty yHR
Fp R Ay AR ML TO, 2RIAF, ZRNLCLVF, FAIAEAL AT m ex
vATFabELT, LhHEILWERERIND,

4.4 #
55 0°CHALTOEBILYF »HEO 7 » E{LE 3 A Y FERBBEEZHNTHN, 7 RE
Bt LUF, FARCOATHEELAL, TOER
1° EOGERETE, BB e F o THERETF - 22 BET LI LEFHRET, ©LLSEMT
FHRIEEE (R )2 BRAFHRL ) RBEHTHLHTE,
2° TD LY BR T REF-FXERTLHLLERE F, BEXIREEFCATLEN
Hid, BRPAEETREINTWARBRLL(-HETHTL,
3° LAlL, ERESHETOLOCIRANLLOERCE~NEL (BMEnT i,
4° F, AIBERECOATHCOL 9 ABERETERERCENELLBONBZND, KREIGF,
CEBRPERTALLL LT, BWEOF, FARLLTS0~90%HU LD BENEZ G
LBLZ &,
REODERFHB R,
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2 % X B
(1) D.Kunii & O.Levenspiel : “Fluidization Engineering”, John Wiley
and Sons,NY, (1962}, p480
(2) L.J.Anastasia el al.:I & EC, Process Des. and Development., /10,
p150(1971)
) M. Iwasaki :J. Inorg. Nucl. Chem. Vol 26, p1858(1964)
) L.J.Apastasia et al:ANL—7372(1967)
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b) G. Vandenbussche {CEA—R 2859(1966)
¢) C.E.Stevenson et al.. Progress in Nuclear Energy Series J. Process

Chemistry, vol.4 p347~398(1970)
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Table 41 Characteristics of Uranium Oxide Powders

1
|

O,

U;04

Type A

Type B

Preparation of

Powders

Oxidation Conds.
Temperture
Oxidizing Gas
Oxidation

Time

Mechanical Crushing
of the U0, Pellet

EOxidation of the
l‘UOZ Powder

shown on the
Left Column

Oxidation on the
UO, Powder
prepared by the
i ADU Method

L

1

§ 450°C
Air

7~9 Hr

Properties
Original
U0, of Powders
Mean Particle
Surface Area
Density
Chemical
Purity

11.5p
0.09m” /g
10.53¢g/ cc

Reactor Grade

} Same as the

J

left Coulumn

33 B
S.Bmz/g

Reactor Grade

Table

4.2 Fluorinating Conditions

Uranium Oxide

Wi.Ratio of Oxide 7Al1,0;,

Bed Temperature
Fluorine Concent

Superficial Gas

ration

Velocity

0.5~5 kg
0.25~2696

330~400°C

T~30 vio
L4~20 ¢

m,” s

Table 43 Apparent Reaction Rate Constant by Sphere Diminishing

Model

for Uranium Oxide Fluorinatton

Temperature

unreacted fraction ({(1—F))

0~05 0.5 ~10
330°C 0.8 1/min 1.4 1, min
350 1.7 3.5
380 6. 9 6.9

—3

24.
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Table 44 Equaiion of Average Reaction Rate

_dw/dt =a kA Cavg

k=ky-exp(—4E/RT)

A=a (W)

1= (W, )= 1= ) Ko /Wy "

K=a.a-k-Cavg

W=W,

W

at £ =

at t =

W,/ T=(1-n)WiK

Table 4.5 Reactivity Comparison between UO, and U, O

f

Fluorinatir.lg' vo, U,O0,
Conditions Type A Type B

Charge . 15kg gUF ;' gUF ./h

Temp 1 350°C 260 350

Fluorine: 20v/ 0

Charge ' 1.5kg gUF ;. h

Temp ©350%C 175 - 1490

Fluorine: 9.6v 0
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K x 10
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0.0

0.2

0.4

0.6
©
2
3 C.8 g

L

, 0.9 §
- B
— o
=

O 60 120 180 240 300 30
Fluerination Time ; min

Fig.41 Application of the Sphere Diminishing Model
to Fluerination of UO, Powder

5-0 T T T T T T T T T T
B Oxide UsQOg
Temp 350°C
Fluoring 20 VA
30 ®
@
.
°
[ ]
1.0 ] ] 1 [ 1 ] ; !
C.5 ' 1.0 5.0

Initial Charge of Ua0Os : kg

Fig.4 2 Dependency of Rate Constant k' on Iniiia:
Charge
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L ® UsOg in 3 Reacctor
" o Uz .
< 500 - A UQz in 2 Reactor .
"-_'-," B A U30a o
7 00 * /
° 3 % from ANL 7372 4 y
i
i 5
=]
°
2 ®
& a0 Temperature 350°C
& 1 o Fluorine 20 Vo
5 [
< B
A
50
i ! L | | I ] a ]
0.1 0.5 1.0 50
Initial Charge of Uranium Oxide* Kg.
Fig.4 3 Effect of Initial Charge on Fluorinatien

£
%
[
> 1000
on
By
8 500
=
k=4
T
[w)
&
QQ
g 100
Qo
3
g
Fig.4.4

of JO, Powders

o UQz

Wt. of Chorge 1.5 kg
Fluorine 20 V46

1.5 1.6 1.7
1/T x10° 17%

*
Effect of Temperature on Fluorination of

UQO, Powder
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5 U0, #ik7 v FAL

W T, 8| ARE, TR Mg, AR BT

O wmmm®
5.1 ¥ El
HNBFRZITH 7 » (ERBC LA ERFRABLABORKRR # BEC, TEREM
BBICLAD 07 9 BALERPEDTHRAY. ARECO—BLLT, FOLERRBON
EGREEETCET L7 v BLEBRBET-ROT, TOBREHRS TS,
EZHROXAZ B, O BEOEFRERMALHOER @ BELILTWL7o €2 THah
[F, 28758 &H, T7aHbH350°C, 20vol %7 v REHETTOY 5007 » ik
FECAE. @ LU, FRECRETHRMHOEBOAEOERRE 2T, 7 » RIEE
A THN T - 2R BLLE THA, RF, V07 v RAXGKEL T, HNHOE
LA~ T—FIIENBTRENLI S TS 5,

5.2 % L4
521 EBEBHrIUERFE

$BOFn v 2 £ 457 74 %Fig., 5 10TFET, BEEIEABMER RERZERLT7 ¥
ZH A% FEE(KEE), s 7 /2 MBER, UFHLU0F 0474 XL LET
MR ANT WA, A 7 2MEBERCIICFORE LS » 7, F, ORE 7 v 7L U527
T T Iy TEBL, dAv 54y BFERCE, THYBREHAONAF 727, Mgk, b
557 LUF, 5 LUUF, OA#E T2 TCCURBT b AT A,

REB~OREBGE H 2 OREBERFig. T.20CTFT, BEREF - T4+ —F-D0LE
BHEETL, TE&LL-TBEALT, RBETHORRBICHEING, BHOMGHEES
LTUEeRER, BhreaHY THERE Lk, ~FH 7 v RS AR BRTHERECHRL T
REETHICAB LA, At PEREFICRARB~OBACHE, SRE2H (DL <1
TRk 2Ty 2= 2HEEL T,

Fig. 5302, HiBBOERLSERLL, HBBCEP N TRERBZVATCERET, 2
(OTERAAEINTHAN, AERTRFCOLO Cone BEHREL AL, ZOHERKIBREL
BR-TERBCIMIFRL Thnin, IRFEREOERE T THILKEL 0/~ o BT
A3F L4k, EEICHENLD 25 b 13 kg RBERLRE,

FEEEITIS0 Ay VA BRT AIFT, @), HOBERECODATLINLN 2 kg, 3 kg
REE LA, COTAI FEEIECCEBERBERAWAERTA-BCECTRLA,
5.2.2 MEBOZEFEH

T EMBEOBEEEE % Table 5.1 E0FRT, 474 AMBCHRELANAF + 72 7%
LUMgF, + 5 » 7id, £NENRuO,F , NBEF, #5 USbF, 2 E2H%EL (RAEL. ©

D OEREFE
o RE ZSESBE s SSRFIREA (B
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DF5 s 7HBEFLLLECL-TTCCREZHRNLEFAOREN, HEERIEMEZECHED T
EBTRR, |
5.2.3 H 2
ERCANAZBERBIIERFFOEM (REE 100000 MWd /TS ) 2EELAIER
HEFP 2H5mLAd. Pu BUTRAEL &,

53 RREETHOE

9507y ZEUREEHNE RO LADLCANWATER2Fig. 5.4 07T, TNid, NF
Eng&s LT, ARGRe=7r (RBRP2Fr) %, FAHKBBRL=T+»& LTHAMY
A by Tne, BNEIRLBEEFETLHLEICEGEELOWTRRIGD 7 » RBE~O —
R FHERREL, ChODEFCES(ERFRBELCETZEARAFETO v 7 » XX (K1),
REERr, OH—KTF271—- FLABRCELLL BRANESARBER(RQ), EBTLD
7 EBRER(XG)), LT LOXPLHEALNLBEHERN (RW)) THH, TORDL L.
EEREC T ABEHROOUF, MEGU, , F, #GF,, BAOY 7 v WEEW / MEAET
N, 2 FOEEER Kk pr =k DBEHHETE S,

EEREBIITCCODUF, +LUF, BN OHE Lk, —HEOROY > ¥ HERI, B
REBICZ LA F, LEEOHBEELEL, ASRCHY » BEL TROR,

54 BRBLUEER

Table 5 2m+, ZHRRB TEERLAL, wIThd 7Yy Py RERRBTLERIRER
BHOMEERIG 2T AT EDBTER,

BE, 7y BBE, TEEBASIORHEE, 287 s E{EOconcept KETE, ThE
A350°C, 20%, 25 cm/ secft B TEL IR, 2ABBEOMBEEIELHN20 g/ min
BELL &,

Table 5.22bbmal 90, EFEREBCLHITLEBERN Y »HEEBIIS~100g BE
CLhT Ern, $42F, ABZRR, FER THERECELTL L LEAI TRV, 4
MEBIC 10 0% FEL{RERTELL EABEREINTWD, RICBEERIFFECRE (&
KB THE SN THEE OB 10 TH 5,

Table 5. 3ETEARRE-7 2 —s0EBEHRLAIDTH S, REOCHRBUE (TN
i3 Cone ﬁi%ﬁﬁ%%ﬂ%mk?%ﬁﬁfbﬂﬁt%&ﬁ@ﬂ%ﬁi%@%iﬂmﬁﬁ%%ﬁ«ﬁﬁtﬁémﬁmb
Twnb )il RICEECESRELRWE LA, Lol [EOEEREH, MERED R
=, BREEOHBE, ERREAOHFHHEZLOR/T Cone M Lbm@BETFEL b EME

%5+ 5 Bot tom feedD HHBFEHL TWNA,
FP BMOBRLCONTREEL LD LLIC1CEVWKEREFRDLLONL, L2 L,

(2}D Clean reactorlC L A EEIL, EEBC T~ THBBHRDICEAB 24HET L In

Bed FeedDHETHbLNA LD TH D, BERBEG o s THENCART L O KHEROCHE
MOBREIBD N Aok, BL, BRENTTLCFP THERINTVLLEALNADT
FIEB T A 7ORFRGF o th, HELEBORBEBRFP ORAVEDLN £, WORERIE
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DDOEBOK, MEIERZETLLELILNLPIO 28 1g 7 Ii+RENMLAVOTHA
HERIBOOLN %D -k, In Bed Feedd Bottom Feed TRRICHEEL X08END T,
BRLBRBTABRBEOFPILL-Th 9507 o R BEERMEINL LD EEZL LN A,
LI LTD A= X BHARBRIAN TS S,

7o RBER, HETHROHEELCELO- 52 335D, Mode I DLFHINLIBITCE
BEBNCHEEERCIEBL v cEALN 5, |

Fig. 55i3. Table S 2L ARLEEERE2 T v=vA7 0y b LAYDTHAH,
Btz i ¥ —L L TH20kcal /mole DENB LN, TOMELLTERNY 7 /HER
OE yﬁft%tﬁ?ﬁ%éhftl«“z L ELERLAUFErEEORMBIMETH LT LD
L. BbTEMOBNY I OLERIZUO,THAE,

55 # =

KEROERLE 0D EROL O ICA B,

1) HEDBREBE 2 a— £THHC ST, FOMGE® G RBIIHKARE Ty
(z=s-Tab,

T AABEA v u—, BEERABALNOEEERFEEOL LK, ¥5 L ORBBIC
BHLERFE T » ROBEB 2 P AL AEAEEH A RO BT L0 TE B,
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Table 5.1 Operational Conditions of Process Equipment
Equipment ~ (harged Weight (kg)  Operational Temp({T ) Not
Material g (o] peratichal Temp. Note
Fluoringtor #80 Al,05 3 <400
UFg Trap NaF/Al1;03 102/8 R.T. UFg aodsorption
F, Trap Act. Al;03/SodaLime 8/8 R T F, adsorption
Bock-upTrap  Soda Lime 8.8 R.T Uks/Fp adsorption
NaF Trap NaF 0.05 400 RuCFy, NbFs
odsorption
MgF, Trap Mg F, 0.1 i20 SbFy adsorption
Table 5. 2 Experimental Conditions and Results
fun | Fluid bed| Gas velocity | Iniet F, [Powder fesd| Outiet F | Outiet UFy (Tventor| 2 | Reaction
temp.{°C) | {cm /sec } | conclvol%) [rate {g/min)| conc(vol%) |concl{vd %) (U0, {g) z;'fii"mg%‘ r?i:;;ﬁ?f‘
UR
-024) 350 26 9.5 13.5 0 2.56 1S9 | 100 | 0.57
-02-2] 350 25 191 14.7 1010 | 2.80 I3 51 1.8
-02-3 350 26 9.9 1.0 2.95 .67 22 72 i.4
-3-1] 350 15 8.7 20.5 295 | 5.12 65 8 | 0.57
-03-2| 285 25 18.7 1.4 13.35 | 2.01 18 31 C.i5
-03-3| 400 25 18.7 19.3 6.40 | 3.75 14 69 | 2.3
-04 | 300 25 19.8 9.7 11.25 | 3.26 | 103 47 1 0.30
-05-1] 400 23 18.9 19.7 6.70 | 4.0t 40 68 | 0.8S8
052 400 25 1S .1 20.9 7.30 | 4.11 39 65 | 0.¢7
-06 | 350 23 . 18.8 — 300! 5.00 | 82 86 | .88
-07 |~ 365 i 2 20. 1 ~ 205 6.401| 4.10 23 7 P2
UFikd 390 20 20.0 - I0.90 1 .54 [1000 | 48 [0.0Gi4
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Table 6.3 Characteristics of the first column

] .
Fi:?e tgR,F, tR, UFg Resolution Asymmetry HETP
ml/min min min FZA(;)JFG air—UF, UF; UF; (em)
2.31 ' .
266 1.9 24.1 (12.7) 2.28 1.9 4.3
213
42. 8 1. 2 248 (12.3) 1.80 21 6. 2
1.71
635 1.0 10.6 (10.6) 145 2.3 7.1
1. 48
84.0 0.7 81 (11.5) 1.06 2.0 6.1
1.71 '
107.5 0.5 6.5 (13.0) .20 2.4 5 8
- 1.70
137.0 0. 4 5 o (13.8) 0.91 1.5 9.9
Optimum celumn conditions ) Sampling conditions
Column support ; Daiflon Sampl ing volume ; Sml
32— 80mesh F, ;200—230mmHg
Columm loading ; Daifloil UF, ; 40— 60mmAg
0,40 .
#5 wo air 71 0mmHg

Column length
and diameter ; 3m, 0. 4em(I.D)

Temperature i 4 0°C
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s 7 A ZODE VEMARIAE (1L 5~3minBRETSEL, MMETHR AT L {, BE
FDOY 3 0T o {rEEEA I~ ABHOW (I LARGTH HO TN LOIGERMTH
FEFELZ NS,

725 & B B

Fig., 7438 &ELLTA8ERE T T. EHHUF,, fHAF,CHT230TH 5.
WThLEAYBZAGAESEYHL, RECQUF, vol %45 11.5mV,F, vol %347
0.37mVThs BEEECLT2EDRIFROCEFEIRALEETE 1%UTTS
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@l o
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D8R, HEDEENTE LD, ZEBRALOHEABLNAOT, REC Y7 Y07 5
ECEBCHALTAAL, Fig, 75BN ATCCTF—#0—Flemd, L UF, &
LUF,#E. BBCEEEBICRET. NPFLRANDE /4 Xd7 e -2y 7L HDT,

JAXOBRICIEBI SOBMANETS L, MABHEET CRABHTHELARBRA
OOF ,REERLT\H. COEMLHAL LS L UF  ODREEE, REO#RARLVTY 5
EFRER@MAC N TE, EEBBR L{(RbLTWwAEL LML E, izl HOIOK
REEE*400CIKERLALZEE, UF, O&EREERXEAL, HNOF, BELEL LT
L, BEOMERUF, O_—2354~DLE D HhLBRTEL, —F, Fr—-3y 2R
BO&RELIRITRTHLOT, 20O/ 4 XDEBREIMERO—2TH L,
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EEEBT A DL, F,ORFBEDORE 0,04 54 58, BEOARR LB D
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118(1973)
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Table 71 Flow Rate Fluctuation
expression [ . _ _
Cunit> gases CF,—cell F,—cell
d(dE dx) df N ~10 ~2
Tuv/ ml min_ © 2 {(+50) (+10)
100d (dE dx ) 0.065 o

Edf UF, ~No (0.32)
- L. - N ! B 0.068
C%/ ml min] | F,~N, E (034 )
~ ground 200ml/min at 500mmHg.
— drift ~1pgv/ hr
- ) for max. fluctuation under
normal operation (=£5ml/min)

Table 7.2 Cell Pressure Fluctuation
expression - _ I _
Cunit gases UF ;—cell F,—cell
d(dE/dx)/dp X ~ 2 ~0.2
Cpv/mmHg) TE (+20) (+2)
100d (dE/ dx ) —— 0.055 o

Edp V¥, —N, (+055)
- < 0020
TG i — —
k\/é/.mmHg, F,-N, (£0.20)

— around 500mmHg at 200ml/min.

— drift ~1ipv/hr

- { Y for max. fluctuation under

normal operation (+10mmHg)
Table 73 Response Time

Operating condition

flow rate 200ml min (I=80mA)
cell pressure 500mmHg R=30{)
UF, l6vol%
sample gas {
F, 20vol%

UF, F,
response time of ecell. <1 sec <1 sec
time constant .
0.95=1—exp. (=t/T) <0 4min
transport lag . .
. {includes sampling) <035min <1 3min
complete reversion . .
of blow back noise 1.5min 3. 0min
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(500mm Hg)

PSS pllat vint= 1 '
. The{sn‘}?grgcf) f‘*—J: : NaF 1 @ Kel (300mi ) to vocum
|

ot —

Schock absorber

{Ni Powder)
{250mL,55¢q)

Soda fime
(F> .Np.Og) ‘(2.21., 4509)

|
il
(UFs)| | {Fz)
|
I
|

|
I
i
i
L {Cla.No ,05)
F> cell eTerv2

I

]

| i _ 1 . r

Le e Tomp Control - -—— - — -ILI_Recorder_}

Process line tUre Fo.Na 05)

Fig.71 TCC System for UF;—F, Analysis

I ‘—E/,Z—;J

gas X. 1 ?

& o by &
/ j (R, L ri)

fif:f“nder thermal equilibrium
;5';:;]:‘_;:2/4R~:(27TLk+pr)aAT+51+SZ .................................... (1)

i a !=1n | S

— For gas composition change
dk =4k -dx |
dCp=4Cp - dx

— Filament temp. change

: gr. _27L-dk+14Cp
; f 2nL -k + fCp

— Filament resistance change
AR 52 @ « Roe dT [ oot s (4)
’ —Unbalanced voltage

) dR
dE:—-E/Z.—R—:AE/z.ade .......................................... aeerrranas (5)

— Sensitivity
dE_ _ 2r7L-d4k+(4Cp G 2 (6)-
dx (27L+-k+f.Cp)%-a B8R

E3
= 1% .RE
SR

— Stability
2 2
dE _ “E o ol B s )

Edx 8 R "
Fig. 7.2 Theory of Katharometer®

3
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