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Adaptation of the continuous cold trap system of
filuidized-bed to the Fluoride Volatility Process
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Division of Nuclear Fuel Research, Tokai, JAERI %
(Received January 26, 1976)

A continuous cold trap system consisting of fluidized
condenser and stiripper has been evaluated with a view to adapt it
to the Fluoride Volatility Process in establishing the continuous

purification process without radiation decomposition of PuFg .
Its feasibility is shown by the test with UFg-air.

Necessary conditions for the cold trap, and performance of the
two inch-dia. fluidized bed celd trap system are presented, and

also a model of mist formation in the condenser.

The summaries of oral presentation at the 1974 annual meeting

of the Japan Atomic Energy Society (F42/43, Tohoku University,

) Sendai)
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-Table 1 Partial pressure of UFg and PuFg in Fluorinator Effluents
Fluorinator
Uranium Plutonium
Main Products U ' Pufg
Pressure (mmHg ) 1000 1000
Fluorine (vol %) 20 100
Max.Concentration(vol%) 6.7 0.56'
Partial Pressure (mmHg) 67 5.6
+ value in equilibrium ai 400°C
Table 2 Vapor pressure of JFg and PuF6
Compound ~-80°C =10°C 159C 80°C
URg 46X10* 7.44 5562 1840
PUFg 35x18° 7.90 53.24 1315
Table 3 Retention of volatile Table 4 Effect of chemical species
fluorides in cold traps on retention of fission
products in cold traps
UR; stream PuFg stream
Compound 159C a0°C P " UFs  stream Pufs stream
> FP UR FP PuF;
UFe ~0 - -10 -0 -0 Mo
AR -0 - ~0 0.999 o -0 om0 -0
Rk -0 -0 -0 ~02 MoOF, 046  ~1.0 039 -1.0
HF ~0 ~1.0 ~0Q ~1.0 I
MoFs -0 072 -0 ~0 T F ~0 ~1.0 ~0 ~1.0
TeFs ~0 0.88 ~0 0.29 Ru
RuFs 0.9997 -1.0 ~1.0 -1.0 RUFS 0'9997 ~1.0 -1.0 ~1.0
Sbfs ~0 - ~10 ~0 -0 RuFe ~0 093 -0, 0.61
'::Fc -g -393 'g "385 RUOF, 0.3 ~1.0 056 1.0
’ - : - : ~0 ~1.0 ~0 ~1.0
YeF,, ~0 ~1.0 -0 ~1.0 R
1
IF; -0 0%  ~0 0.85
IFy ~0 ~0 -0 -0
[OFg ~0 ~ ~0 ~0
Xe
XeF; ~0 ~1.0 -0 ~1.0
XeF,, -0 ~1.0 ~0 1.0
XeFs ~0 ~1.0 ~0 ~1.0




Table 6

Table 7

Table 5
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Decomposition of fluorides in cold traps

UFs siream

PuFe stream

Fp

UFe

FP PuFe

Desublimated fluorides Rufs,Nbfz UFs

G value ? 2
Availabie energy(eVid)
by FP 3.6X1027 B.ZX]C?I'
by o 0 g
Decomposed rate(®%/d) 7 0.04
* *
Max. decopposed rate —_ 0.3

(*hid)

RuFs,NbFs  PuFe

? 7

4.4)(1(}6 1.6x1 024

0 a5x1
? 8.6
— 48

* under the condition that FP cold frap failed completely

** agsumed that the outlet gas concentration of NaF bed are
1 ppm for both NbFg; and Rufsg

Typical operating conditions for continucus cold trap system

of fluidized beds

Condition UFg stream PuFg stream

ondime Fp Fp PuFg
Temperature {°C) 15 -10 -80
Inlet conc. (vol®)

UFg 1.5 0.01 0.0

PuFg 0.009 0.40 0-40

FP 0.08 o 0.008

F2 15 90 90

02 83 10 10
Pressure (mmng 1000 1000 1000

Performances required for continuocus cold trap system of

fluidized beds

Residence time

Removal efficiency

Gas leak rate through
solid transfer system

Dilution of fluorine

< 30 min

> 99 %

< 0.1%

none
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Table 8
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cold trap system of fluidized beds

Experimental conditions for UFg condensation by continuous

U, Conc.  [Mass Flow Ut /Ut Eftluent Gas Bed Temperature

) Rate Flow Rate {*C)
Run Nof in Inlet Gas|of Alumina | in CT-1 { NL/in ) ot CQSCT-‘ CT-2

{vol %) (Kg) : (- ) CT-1 | ¢cT-2 wt.m'na Middie |Unper
uc-106f 04 ~ 43 16.9 3.9~4.0 37 45 k)| -21 [ -46 M-40
Uc-107| 04 ~ 28 10.2-11.0 33~397 30-33 45 3 -3 | -63 |20-5
uc-108f| 0-4 ~ 3.0 5.7~ 84 36~4&0 kK] 43 n =35 | -67 |40~-60
uc-19k o5 - 49 %2178 43~4.6 k! 43 k 1 =19 | -44 [30~40
uc-11014 03 ~ 2.8 181 3.0-3.3 24 42 35 - -50 |30~40
uc-111) 0.2 - 27 185-20.8 25~27 18 43 38 -4 -4B | 30~40
UC-112 1.2 17 74~3 38 42 30 -2 -48 | 30~ 40

(1) Pressure of Fluidized - Bed 9751120 mmHg ab.

(2) Charged Alumina {80 mesh)’ 8 kg
{3) Gas Air
Table 9 Condensation model for continuocus cold trap system

of fluidized beds

A Super Heated Saturated
Y Zone Zone
-
Yoi “\Q .
g Ry, 2enliation in Gas
b \i&m
B Cerat e
Plicleg par = ST
Mtyre” "~ - =
st ©
Bed Height 1 "

Super Heated Zone
( 1) Mass Transfer

dy _ da
“Gar = K P(Y) P(tp))ﬁ

SO By oy Pl SOEOA
([b XEE=XIn(1 «¥X1 - )Xw)

ceae(1)
Mgm

{ 2] Heat Transfer

G-Com(1+¥) %9- = ity ~tp 2.

_NoKgm,  BO-EpA
=1 Op )(lg tp)(wj «{2)

Saturated Zone
(1) Mass Transfer

caY . - da &b .. ...
G FTE KD(P(th P(fp))dl G a1 (3)
{ 2) Heat Transter
ORTORZY-L- RO L AP PU- L S (@
dl dl dl
dy Pe .
F=mﬁ(tg) , P{tg) . Yapor Pressure of UFg~(5)
tp = tp{l) ~-mmmmm oo ooeoo- (6)
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Fig. 5 Effect of UF6 concentration in inlet gas
on mist formation
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Fig, 6 Effect of mass flow rate of
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formation

Experimental (wt %)

Fig. 7 Compariscn of experimental
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Particle Temperature tp (°c)

Condenser; tg;=30°C, €=3.0 UFg v/o,

JAERI-M 6405

-N=33 N2/min, Po=l.42atm, dp=0.75mm
(1) Total condensed UFg
(2) Condensed UFg in super heated zone

(3) Condensed UFg¢ in saturated zome

(4) Mist fraction:
(5) Mist fraction in condensed UFg in saturated zone
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Pig. 8 Model analysis of mist formation (Effect of temperature

gradients in fluidized condenser)
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Fig. 9, Assumed temperature profiles in fluidized condenser for model

analiysis
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* Surface area of solid per bed volume[lh/m]

JAERI-M 6405

: Cross sectional area of bed [m®)

. Specific heat of mixed gas { kcal/mol. deg.)

: Particle diameter (m)

: Diffusion coefficient of condensable gas

: Mass velocity of inlet gas {mol./hr]

* Heat transfer coefficient between fluid and particle [kcal/m’ *

. Coefficient of temperature gradient in condenser

T Mass transfer coefficient between fluid and particle [ mol. /nfe

! Molecular weight of the compornent [g/mol J

hredeg)

hreatm)
Bed height (m)

Totally condensed ammounts (g )

: Feed rate (g/hr)

Average molecular weight of mixed gas [ g/mol)

: Totally sublimated ammounts (g

! Nusselt number

Partial pressure of compornent [atm)

 Total system pressure [atm)

"Sherwood number { —]

ITemperaturé of gas [T

* Temperature of particle (T

P Flow rate of process gas (&4, ht ]

: Mole fraction of compornent in condenser effluent

x=P/P_ (-]

Mole ratio of the condensable gas to inert gas { — )

(m®/hr )}

gas,

* Mole fraction of the compornent in condenser feed gas [ =]

: Void fraction in a bed [—)

Latent heat of sublimation of condensable gas [kcal/mol)

Fluid density (kg/m)

Mole ratio of condensed solid to inert gas

> Sphericity of particle [ —)

Time [ hr , min J
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