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SUMMARY

I. Project Title
Improvement of Conversion and Reconversion Process Tfor

Nuclear Fuel.

ii. Objective and Importance of the Project
Tt is essential to establish and localize the technology
of conversion and reconversion for stable nuclear fuel
supply to all the Korean nuclear power plants in the 1990°s.
The stable supply system of highly economical UO2 powder
through improvement of process and powder guality is to be

established.

IITI. Scope.and contents of the project
1. Uran®um purification process
e Calcination characteristics of uranium scrap
— Calcination characteristics of uranium scrap from
fabrication plant of HWR nuclear fuel
— Design and manufacture of equipment to treat uranium

scrap

e Development of computer code to design the pulsed ex—

traction column

_v_



— Bstablishment of basic model to design computer code
— Development of the computer code UCPC-1 {uranium
concentration profile calculation in extraction column)

— Test and evaluation for the computer code UCPC-1

2. Process improvement for manufacturing U02 powder
® Basic data acquisition for improvement of UOZ powder
properties
— Pore characteristics of U02 and UOQ3 powders
— Measurement of interparticle forces for defining

fluidization properties

e Improvement of the fluidized bed reactor in commercial
plant
Improvement of feeding equipment of AUC powder

- Improvement of distributer structure

3. Imprevement of reconversion process for PWR
e Process development for recovery of UFG cylinder tail

- Establishment of basic concepts

4. Process development for recovery of uranium and valuable
materials

® Fluorine recovery in AUC filtrate from rcconversion
process

Determination of precipitation conditions as NaF form

"Vi"



— Determination of precipitation conditions as CaFZ form

e Development of treatment technology for waste methanol

-~ Methanol treatment by combustion

IV. Hesults and Propoéal for Application
1. Uranium purification process
e Establishment of optimum condition to treat uranium

scrap from fabrication plant of HWR nuclear fuel

# Design and manufacture of equipment to treat uranium

scrap
® levelopicue ui Lhe computer code UCPC-1
o Test and evaluation for the computer code UCPC-1

2. Process improvement for manufacturing UQZ powder
e In®erstigation on the pore structures of U0Z and U03

particles

® Measurement of interparticle forces of AUC, U03 and U02
particles

— Interparticle force/particle gravity force - 7~ 53

o [mprovemenl of the f{luidized bed reactor in commercial

plant
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— Feeder : vibration type — pinch valve type

- Distributor : cone type — cylinder type

3. Improvement of PWR reconversion process

e Establishment of P&ID for UFb6 tail recovery

4. Recovery of uranium and valuable materials
e Fluorine recovery in AUC filtrate from reconversion
process
- Recovery as NaF
110 g-F/1 — 15 g-F/1 {(recovery ratio : 86 %)
~ Recovery as CaF2

15 g-F/1 — 1 ppm (recovery ratio : 100 %)

® Devglopment of treatment technology for waste methanotl
— Design and manufacture of combustor
~ {combustion efficiency :.95 %)
-
In the future, further studies are needed in order to improve

the quality and manufacturing process of U02 powder.
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Fig., 1.1 Flow sheet for reccovery of urnanium from uranium scrap.
solid line: already established uranium conversion facility

dotted line: process to be installed for the recovery of
uranium



Table 1.1 The present position of uranium scrap generated

by fabrication plant.

Type of uranium scrap The quantity generated

I : 1
| I |
1 I |
; i i
| | |
I U02 sludge I 24.7 kg/(ton of U02).(yr} |
! ‘. !
™ ! ;
* : |

| Sintered 102 pellet | 28.32 kg/{ton of UV0Z).(yr) |
E | i
I I l
| Collected by vacuum cleaner | 1.58 kg/(ton of U02). (yr) |
| ! !
1 T 1
| | i
| The others | 0.4 kg/(ton of U0Z). (yr) §
| ! |

-



Table 1.2 Comparison of impurities in KABRI dranium scrap

with nuclear grade U02 powder specificed by ASTM.

Concentration range of trace (Fg/g of 1)

I T 1
| I |
| Element F T -4
| [ KABRT | AST™ |
1 b L —
I I I L]
| u | 85.12 | - |
I I I |
I F | 4 | - |
| I | I
I ‘MO I <50 | 5 v 50 |
I I I I
| Fe | 100 ~ 500 | 10~ 300 |
I I | |
| Si | 500~ 1000 | 10~ 200 |
I | I |
| Ca | 100 ~ 500 { 1~ 50 |
| o | |
I Mg | <10 | 10~ 100 |
I I I |
| Cu | <50 | 110 |
| | I I
| Ni - I <10 | 50 100 |
| I | I
| Cr | <50 I 10~ 100 |
I | | | |
I Pb | <10 | 5~ 50 |
I - I I I
| B I <50 | 0.5~5 |
I | I |
| } 1 ]
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e e
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¢ EWL x &

Y U308 EWOF T Aol Gojm by gz
ASIA En AR Saiergo] o) ste) pellet & 25| Eusy 7

THE U8 23 Wk oz o &g % o] Fig, 1.6% Fig.

_16_



5
Q_J \slltl.m-ll.v_ml.
=4 - o 0 -
jam - o o
\\ C 4+ Tm
P e B 2
*-8 ¢
0 mi\\.\\\ 7
o |
1 |
o Y ke lelpmipbymipipe
o S Pl e
=N |
e ——— }
|
(=,
X+ o |
on HZ;
m | i i |
[ [ B = o o
o [ o (=) o
[2,] et Ta} (22 ] L !
|

uo ‘oanjeradmd]

2.5 2.8 3.0 3.2
0:U ratio
- 17 -

uranium-oxygen.

2.0 2.2 2.4
1.5 Phase diagram of the system
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(a) (b)

(c) (d)

Fig. 1.6 UO2 pellet fragments after heating at 500°¢C
(a) after 5 min. (b) after 10 min.

{(c) after 20 min. (d) after 40 min.
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24 27te A ALY TAGM HALEo uhd 234 Aojzt
UAEEY AR A 700g o ggu, ¥ut #Hs oYY
sus boat 1] A 22 ol 700 °C of4l 54 mm, 600 °Cof+} 53mn,

500 *Col 4 51 mm, 400 °Cof4} 45 mn 24 43WE&E} E T8
CMME F13 Y cavity 7 Wl2z]ol WAH qeolAnt $43
Jb7b 2o s ihebyton wjAM P JME AHLojyrc &
A4 =A hergtet.

Fig. 1.8 & wjAE&X 500 °ColA] MR RN whel U2
pellet 2 wWjAA7 4BAHE 2422 gtk U oGA Lherurg
Zol AT ZAS 700g ojgdeu MAHELY By Aol THT
of wuio] A3 TV 900g ol glgw WAATE 10 Aol
A UA AEe TAFA mak MAF AR £HE FHVC,

%, AR A 700 olgeuh wiAFE e Yol t 53 m, 4
29 =451 900 g ol Pdewiy wiAE Ao ol 62 m o] gitt.

(t}) U2 sludge
Fig. 1.9 & 400,500,600 °C o4 UC2 sludge 7} U308 o3 4t d
o whebubs TAZVES MAAT R AYYHelch oW NEY ¥

£ 900g o3 sus boat Uof 24 mm o] £ 3o Folof g},

[J

Pohd mof® wpohztol UOZ sludget £PA AnbE YA P4 S,

ol
e

S, 4,710 2050 T AR} U7 wEol V02 pellet
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U02 grains

U3O7 convoluted intertace  Transgranular cracks

500 h

Uuo gréiﬁs

U308 growth at microcracks

U0, grains

Fig. 1,7 Schematic showing growth of U3O7 and U308 on a UOQ
pellet surface in air.
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ojAt3t Ze A E %8 2 (furnace) A %A furnace W2} Fx
2g o7 Y 2V eAWA Bashy fiF YPHLT off-
gas o $2& S o Me Yx Y o BIR FYYY HAIA
filter & Hxj7} 478, =3t furnace Yof tray 7} thetoe g
HAH AL Mg % Axstof furnace ) €57t ZAA 3
5 of o} ¥t} |

02 sludge & P4tol £8A7 B §44pdE ¥ HEYo HAA
5 of¥ Ao chRE VMU SIEEITAM 400 °C of FolAM E
izt ¥ub. o F ¥Asty] gvte 4 exoM wWaAD AL A
o #5445 B4 233 342 #de e $718dY ¥RARE
gz ya 2E waerdd 47184 AU

e L EL R

Ao QAT o fokel Loty A=Y ARHE EUL
471 W02 pellet 3} U02 sludge & ey MAZZ Aoy A%
2 zze A7 2YE okl 4 Mazol cheked ARl A
A sofo et

u
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(1) F» 4%

W2 pellet o] 7|3 ojA oY ul pellet o EWHE H3HEHI
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o Sty A= FU L EAV AT IAY FAY UHEE
2 2Ax77] $istel T4 AFA daste Wi FTYE T off

—gas 2 BEE ST ol AR YA g7
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o] 8 By A =3 3P4 U2 pellet ¥ 227} Fig. 1.130f vpef
gtk Wl mojTWursh Pol WAEE S hopper, UO2
pellet vibrator, double acting cylinder, basket, ventilation
pipe, on-off valve, thermocouple, alr feeding line W jacket,
oxidation tank controller, weighing scale $ 2.2 4% o] 9 o n
MAEU tank o =) 7o o 300 m, Folst o 400mm o]},
v} & basket (Fig. 1.14)% 73 xo|7} < 260m3 A 7§ 20| 3mm,
0.5mm, 0.3mm 9 3 %o wire mesh 7} 4xix o 9 2oni basket =
shaft o] 2] 2] o] double acting cylinder 2] U2 2Fof o5t
AFstE 7 E¥rel. =3 Double acting cylinder (Fig. 1.15)& Z7]
of Satol. FHEFE hASD o ¥RLFL APAA o] 27 H
of Qi shaft of FEH o} L% basket & AT FAHA V.
daz gols oM ¥ W2 pellet £U%7 YA ¥} ot
(Fig. 1.16) ol Mejojt w42 shrofd 238= 277 43y

YA M HHE £UY ATE 4T fine filter o TE A
& %% thermocouple o] M x| g ol glon] U0 pellet o] $J ot
hopper t.j.!'«i\ribrating feeder 2} 4 HA| 7t 7t 2 3 pellet o] 9|23
W2E 298 4 U5F onoff valve 7 dxmol b 23
basket B2 ofefoli XEHY WA EFHE Aol 27 FF BA
Y2 Eto] gloem 27 233+ jacket2 3 H o] 9l A basket © 3

ZAHvIEo) ule) AgPeh (Pig. 1.17). w2y o

™
ol

L.
B O

e

W2 sh2o] Hasle] gi= ball valve 2 A% f:':ji]'.‘ilf"] =

7B ¥ weighing scale of 2jsto] A, 723 o|ge] 74T
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of o3t AT Pig. 1.18, 1.19, 1.20, 1.21, 1.22, 1.23, 1.240§
bl gtk EY @AEE FEohv] 4W tank controller v
Fig. 1.250¢], el 0.T.C. AMo{%t 2% uwjx] 57} Fig. 1.260f L}e}
L} 9l 21} control panelof o3t M & wbwy il H 23125, Fig., 1.27
3} Fig. 1.28 of 747 45 % 5 of glut.

iﬂ'ﬂ 102 sludge & Xe|¥H "WAZ2 = % +4] muffle furnace ¥ Ej
EA batch © 100 kg 2] U0Z sludge § 2| & gow AY¥E &
‘Fig. 1.29 2} Por.  ZIFojM R e o] uwiAE = heating
system, door system, control system, driving system, tray
assembly Y ventilation system % 2.3 J4AH ¢ 2},5_’.‘3? 8 A2 Y
U2 =7 500 x 600 x 1000mm o] 3 &4 =] 1440 x 2300 x 2500
ofjth. AU BAAFA Sty FFEHM GEFE 45 KW o[t}
Tray assembly -+ 40d‘x 500 x 150 mm =78 A &2¥ tray 7} 5%t
22 Ao gvl. Door system® weighing balance, tight handle
g TAEH gom door & wjAR FWo 4o 9= weighing
balance & 4% HFof fstel 4oL o FAWA AMH I tight

handle of &fstof GHrs] whof M, s

LN

riving system & tray

d
assembly 7} ¥4 % YB3 ol4¥ 4 YEF roller conveyer Y RS
chain 22 745 o glon WAz 4%6] XY ventilator of &
s ST A2y $A FEHE YT WNAT AARAA
drtt. T2 X control system® paonel, thermocouple 9 temperature
controller S22 FAH ol Urh. ol FA stol AYY WA E 47|

% EEL 2T e AT BRTRA HrHejok P},
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Fig. 1.1‘The shaft system in oxidation tank.
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Fig. 1.25 The oxidation tank controller.



ozl

4

i |

st

g1

e

i

!

G

Fig. 1.26 The arrangement plan of parts for 0.T.C.

gI%X0p Long il

vsi % 8/1 9/

mAS T-¥dL ~NoGid | oo 30| ST
p7 Alnt

N LNFSNG Yy

Cllgee HAOSIFT) ONWYL | T YL | g

ACH A Nh—Al ¥ | PO 4y

. 139" | ¥d

I

o/

dWHT I 7N g

giyl gd T804 TmeS| ¢

¥e 397L CSYT9 z ¢ v 4

n y T v | ¥

y<T S dolodr Isnd {2 m.

gol v 140 ~ | 7

psi w v |80 v .| ¢

yoe " 0 .w.o. “ 7

HO¢ ,mo_ Say gIN | logan| ¢

ek BE| E|ov

e

a#g

contrel panel.



NPUT POWER

¢ 440VAC 60HZ 30A

:) NFB 1g 25A

CONTROL PANEL

OXIDATION TANK

POWER 83

83 84

HEATER

-
‘ 130*'

131
F 116

R
( 91

84

T 130

PUSH

Jyu

116

131
PULL 116

136}

118}
SPARE

137}

118

SENSOR

92
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Table 1.4 The measures to counter the troubles in operation of

oxidation tank.
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READ OPERATING CONDITIONS
AND PHYSICAL PROPERTIES

1

CALCULATE DROP SIZE AND
ITS NUMBER PRODUCED ON
DISTRIBUTOR AT GIVEN
OPERATING CONDITIONS

|

CALCULATE RISING VELOCITY
OF EACH DROP

!

CALCULATE DROP SIZE
DISTRIBUTION ALONG
COLUMN  HEIGHT

!

CALCULATE SAUTER - MEAN
DIAMETER AND HOLD - UP

ALONG COLUMN HEIGHT

( \RE‘I‘JRN) .

Fig. 1:33 Flow chart for calculation

of sauter - mean diameter
and hold - up
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INPUT BOUNDARY

CONDITIONS AT
BOTTOM OF COLUMN

—_—

CALL SAUTER - MEAN

DIAMETER AND HOLD-UP
iIN i th COMPARTMENT

Y

CALCULATE MEAN RISING
VELOCITY OF DROPS IN

i th COMPARTMENT

i +1

l

CALCULATE MEAN MASS
TRANSFER COEFFICIENT
IN ith COMPARTMENT

¥

- CALCULATE SOLUTE CONCN

OF i+l th STREAM IN
EACH PHASE

<

YES

DISPLAY COLUMN HEIGHT
AND CONCN PROFILES

(_END )

Fig. 1.34 Flow chart for calculation

of concentration profile
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Gamma distribution parameter «

1.0 ‘
V.(cm/sec) Vd(cm/sec)
O 0.204 0.306
0.8 |- o 0.204 G.510
A 0.204 0.714
e 0.286 0.714
0.476 0.714
0.6 |- v
0.4
&/
0.2 }= /. v
o /
®
C.OPF
0.2 .
22 | | 1 '
o 2.0 2.5 3D
Pulse velocity af (cm/sec)
Fig. 1.35 Effect of pulse velocity on Gamma distribution

parameter, o.




Gamma distribution parameter B
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o
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Pulse velocity af (cm/sec)

Fig. 1.36 Effect of pulse velocity on Gamma distribution
parameter, B
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Distribution data for uranyl nitrate.
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6.5cm pulsed perforated-plate extraction column

Aqueous feed tank 3. Organic feed tank’
Aqueous storage tank 5. Organic storage tank

Teflon_bellows 7. Gear box and motor

Rotameter 9. Constant volume feed pump
D/P cell 11. Recorder

Fig. 1.37 Schematic diagram of pulsed perforated-plate

extraction column.
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Compartment
number

Fig. 1.38 Details of plate section, photographic position

and sampling ports.
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Table 1.7 Description of perforated-plate extraction column.

e Column
— Inside diameter ; 6.5 cm
— Column height ¢ 160 cm

e Sieve plate

Material ; Stainless steel

Flate spacing ; 5 cm
~ Plate hole dismeter ; 3.2 mm S

— Free area of plate ; 23 %

Plate thickness ; 1.5 mm

e e e i, e i, S —— —— . —— S — s, m— . =it

H
I
I
|
|
|
|
I
I
l
{ — Number of plates ; 34
|
|
|
|
I
|
I
I
i

Table 1.8 Operating varisble and its range.

Organic phase 30% TBP+70%-Dodecane

T T 1
| Operating variable 4 Range |
— T f I
| Amplitude i cm ] 2.86 |
I I I !
| Freguency | Hz | 1 |
| I | I
| Ag. flow rate | 1/min | 0.2 - 0.4 i
| | | I
| Org. flow rate | 1/min | 0.7 -1.4 |
! | I I
] U. concn. of Aq. in | g/l | 46.95 - 210.14 |
I I I I
| Acidity of Aq. phase | N | 3 !
I I I |
| I I I
1 H ]

|
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Fig. 1.43 Operating diagram of uranium extraction
at input uranium conc. = 210.74 g/l.
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Fig. 2.1. Experimental apparatus for measuring repose

angle.
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Table 2.1. Measuring methods of powder properties.

Item i Method
mean size and its distribution I Granulometer
true density I He gas pycnometer
appareﬁt particle density I mercury porosimeter and

| comparative method

I

I

|

I

I

|

|

|

|

I

{ I
| tapped density ‘ | hand tapping
|
|
|
|
|
I
|
|
|
|
1

— —— — . Tl — —— A b= S —

bulk density I at minimum fluidization condition
fluidizing bed density II at Uo = 60 mm/sech I
sphericity ISEM ) I
repose angle _ I special device I
surface area } I BET surface analyzer I
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Fig. 2.3. Photograph of the measuring instrument of

powder tensile strength.
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Table 2.2. Physical properties of AUC,

03 and U02 powders.

i Ttem | aUC || o3 i 102 ||
| % : | —
| mean size, Mm | 36.8 | 27.7 | 25.7

I| coefficiant of variance || 0.39 |] 0.54 !| 0.54

} theoretical density, kg/m3 H 2770 % 7290 u 10960

1 true density, kg/m3 k 2702 1 5580 5 10580

‘ apparent particle density, kg/m3 1 E }

H mercury porosimetry i 2702 ‘ 2200 ‘ 4660

k comparative method = - H 2380 = 4990
=tapped density, kg/m3 & 1670 % 1480 i, 3090
‘bulk density, kg/m3 h 1180 a 1110-} 2320

1 Hausner Ratio ﬂ 1415 = 1.333 1 1.332

H fluidizing bed density, kg/m3 ‘ 840 i 840 u 1980

H sphericity 1 0.88 1 0.88 ‘ 0.80

‘ repose angle, dagree- = 34 H 36 % 30

1 surface area, m? /g E < 0.1 i 25 E 5.5
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Fig. 2.6,
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Terms to be used to define pore and volume of a

particle.
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Table 2.3. Various volumes composing of a particle.

1 1 i I T 1
Powder | | open pore | closed pore| pure matrix| total !
1 | i } l 1

T T I 1 I 1

| volume, cc/g | - | 0.0094 | 0.3610 |  0.3704 |

AuC | i | | - J.
| percent { - | 2.5 | 97.5 i 100 |

+- | : : | J.

| volume, cc/g | 0.2773 | 0.0398 | 0.1372 | 0.4543 |

uo3 ¢ % % i F %
| percent f 61.0 | 8.8 | 30.2 o | 100 |

F I 1 5 1 I

| volume, cc/g | 0.12 | 0.0033 | 0.0812 | 0.2145 |

voz | | | i i !
| percent | 55.9 | 1.5 | 42.5 | 100 !

i 1 1 H 1 1
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Cumulative fraction of mercury

intrusion volume.

1.0
0.9
0.8

g.7
0.6
0.5
0.4
0.3
0.2
0.1

100 101 10° 103 104

Mercury intrusion pressure, psi

Fig. 2.7. Mercury porosimetry of AUC, UO3 and UO2

particles.

- 134 -



2ol Qapu vl Eol shT HEvl o3 B BT U03 9} 102 Ak

5 77 2200, 4660 kg/m ol gith. W, W x¥ dE ¥ UE

u

a%
e

,  EX

>
r&

mobs vk E O BAL He HA FYU VEE
(minimum packing veidage) o] 7tchepis 7} % skof] AR E T #| 7
(1] dde e B2 Aol s2ec.
€px - —-———-—QBX Cpy — (1)
@ BN '
®px : chEa YA Yyl 9 US
oy : iy 9xd 9 U=
PeN : wchE4 A4 W YE r
Opn : w3y YA YA U=
WobzMe Ae dx Us 9 f Uuxe 44 +% £ oy oF
& e ALE 9 UEE 44 7% £ dvh. @AY Ae o
th2 49l AUC 9Jzbel TR A Q V03, U2 Y dA =} EE,
Qda moko] W 4shth B3 AUC YAE reference AT 21 A
A% 73 U03 & 2390 Kg/mo U0Z & 4990 Kg/m> © S mercury
porosimetry 8] Z 2g}l w23 32 vhEf U gl et
Bulk density & Z 4ot 43, Ho] uhet oyt 2R 2
doME ABY 9L AAE 9v) svtedl Ha 458 Fee ¥
M= ool 2% s, men AA weole 44 L zdel A
% data 9 &% 4tEle] 3 WEE AUC, UO3, U02 77 940, 840,
1980 Kg/mw® © 2.4 AUC ¢ U03 & Wx & Futh 47 & 4eelx

oz o W4k o 2wl 3 UEE AT

22

- 135 ) -



%3 Hausner Hatic 2= tapped density &} bulk density ¢}2] ]

- e ?

L} e} L} &= parameter T X A2 [4] HE=u o]

tjo

v g £#T 54
= oz 4o g 299 5§ tappingo] s o HAM TG
= xporshed A¥x el wl 3sted 1.22 xTh Fewd I§ AHEE
1.4 v} =ui = o o Axg sy sholvt.  AUC, UO3, U02
= 1.415, 1.333, 1.332 2 77 28 C, F AC, ZF AC B T F
Hodv., Teju 2 AMel 74 tapped density & hand tapping of
o] p3tgor® HR o] =A4 gk Ak, Tapping T
of u}e} tapped density 7} Bejch: 22 F gl AAojrth.

P
atel 7yRE W sEur 23 e e Fv Fan

o] 7ts Tk, £ oo a4 AUC, UO3, UO2 2ure] SEM A
¢ wu oAUC ¢Abe) mote] TdlE U3, U02 2R ALH FE&
d 2 gir}. EXMo g U029 Y=t _rg_ogwfg_:‘- 2% 2.8 of vhekufgitt.
oA BEO 2 JAEE AP FF ol ¢ 1:1 FLZ 1:2
o BtRAE of: g B8 ¥m o3ty dAEL FUH %_101.4 H
1:1:1 8] Fgwys ox3 d&e ¢ & Urk. ou Z dEAY
S® s 77k 0.92, 0.840, 0.81 ojtb. = Axbofs 1:1, 1:2 e}
Aol REe 77 oz mI AL I Ege ¥ 2.5 oA

FE: HoA] A44SR 2E e 3ol

-
=
T
ft
of
rd4
44
o
po
rr

N

—_ ]_%r_



Fig. 2.8. SEM photograph of U02 powders.
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Fig. 2.9. Repose angle of UO2 powders.
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Table 2.4.

Repose angles of various fine powders.

Powder

mean size, HMm repose angle, degree

Calcium carbonate
Calcium oxide
Corn starch

Testing dust (No. 6)

Activate carboen
Sodiuwr sulfate

Lycopodium

b

uc

S
La

S
XS

r
|
E_
|
I
I
|
I
l
|
| Portland cement
I
|
I
I
|
I
|
I
|
I
!
I

I 1 |
I | I
I % i
| 26 | 45 |
I | I
! 15 | 51 !
I I I
| 186 I 51 |
| I I
| 25 | 54 |
I I I
| 18 | 55 |
| I |
I 24 | 49 |
I ! .- I
| 25 | 54 |
| I k I
| 33 | 34 |
| | I
| 36.8 | 34 |
I | |
! 27.7 | 35 I
! I |
| 25.7 1 30 |
H ] i
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Fig. 2.12. Logarithmic plot of bed voidage against
gas velocity in the bubbleless expansion

region.
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too low rate of partiai
drainage

2 eqilibrium partial drainage

3. too much rate of pc{fial
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Collapsing time

Fig.2,14, Variation of the differential pressure ( AP)

profiles according to the drainage pattern.
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[,

by

=3 aPb = WA Z TR HelA €. 2L aPb

rlr

uA x}
o o>

of

2 Rl FA ge=F aPb g o FZ Uw b o] of hysteresis
pare g mpebad (1) 48 cheleh 2ol £ 4 At

APL = W/A + Kd Uw (10)

2 2321 Uw, aPb = A7t Fa4olBF
Uw(t) = (aPt(t) - W/A)/Kd ——— (11)
n#y, 4% % down stream of $-4 2]3teo] =z grrpw

Pw(t) = Pa + aPt(t) (12)
-

ch, Pa : U7 ¢

apebAl (7) A, (12) Aofs orige Z83 ATEF A oy

+ 4+ JLEXE

= T
dm(t) M Vw daPt(t)
= (13)
dt R T ot

(11), (13) 42 (5) Aol gof Felohw

M Vw tedaPt(t) W
mt = ) (aPL(t) - —) dt — (14)

KA RT Jo dt A

o] & = 3 AYA aP profile ¥ 72 2 E windbox 2 7]
Ao o|% momentun transfer ¥& FFPoE ALY £+ A& A

ojtf, o 4o % 2E] mt & A& 7]A, windbox By}, distributor

Selm, Uw RME 9& 4 dE Ae thad ¥e BAHeE %
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Bl £ momentum transfer oF-& A% & olti. (10) Alefa o

2t

d aPt dlUw
— = Kd (15)
dt dt

(15) A& (13) 4o tqlspw

dm(t) M Vw XKd  dUw
= (16)
dt RT dt
(18) A& (5) of Yof Hz|s}t™
M Vw Kd (tc duw -
mt = ———— . Uwdt —— (17
RT o dt -
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7 2,156 AUC, UO3, U0Z +% & T 2 A% BYH »£ o
slMe g A4 FEgd windbox $ free board Aole] gEA w3 =+
Mojun 13 2.16 & Uw(t) = (aPL(t) — W/AY/Kd & FAAAM +
3bogo2 2 SEFY Uk(t) o wigla oy AUC, U3 2WY T+
= o8 x| Lot UsUnf H-& ¢ windox T FE S mo-
" pentun AY-e waw wairh. 4 (17) = $-E| M=2.89 g/mole, V=
443 cm® Kd=30 rmH20/{cm/sec), R=8.206 x 10 cm mmH20/ (mole °X),

7-293 °K £ Y3 AaUw/atUe ¥ SE 23t 732 F 2 g} o}

Ao %= 0.02 g cn/sec & W4T 0 momentun WL PAY T
thn wgd *

Sa 2,17 e Bl AL 4E 50 mysec oA FAUHI =
su S ibel dgEd A, W3, W02 £% BF A IF 2U
awda mae A4 g dediarh o A48 YgTlE Ue

te/Hmf & % ¢% (bed consolidation)o] ] ¥ = A7 tc o} H A&
sx3 AtsiofMel ol Hnf £ ¥ ,J.‘:’“* 2 g3 &5 U o
4+ gt

stw, A7 0 22 fAtete I EolE Zab® 2wl Eol7t vF

arel o7t Aty tgoz ¥ F¥Y 23%¢ 7% & ¢

o

W
=d=1- (18)
Cap A Hd
I w=32 57
Cap = Q= WUE
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APy, mmH,0

700 -

600 |-}

500 |

AUC

400

300

200

100

Collap's ing time, sec

Fig. 2.15. AP profiles during collapsing bed by the .
equilibrium partial drainage method at Uo =

50 mm/sec.

- 153 -



Gas leakage velocity from windbox, mm/sec

50
4o i ' uo 2 powder
™
301
20}
101
L -~
) 1 } =+ #.___
0.5 1.0 1.5 2.0 2.5

Collapsing time, sec

Fig. 2. 16. . Gas leakage velocities from windbox

at Uo = S50 mm/sec.
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H/Hmf

1.15

1.05

1.00

0.0 0.2 0.4 0.6 0.8 1.0

t/tc

Fig. 2. 17. Generallized bed collapsing curve at

Uo = 50 mm/sec.
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ol g A stol T3 x4 S8 1F 2.18 of vEpui gt

" A
(=

O
1o

k-2
T

T gAY olddME thal Favte ¥AE 2. o

ok
-
=
hY |

M 2% (microcavity) o] 44 27z o 44 ¢ 4%

slw na 2E 2zt Aoid ool hump FAHE XolA Fuh[4,10].

238 94 ] JE 94 dddME Frhic Ha 7l

rd
o
rjo
=

—w
B

o] AL £2& Y w4 ol WetAdl dFeHA

Ly olule] Hol A AL ZIE #8 £E (freely bubb

ling

velocity) Ufb 2t H=u] o7} cavity 7} A4 H T I EH =

=7t B3 & o)y AEivh frh. AUC, V03 £T 2 40 mm/sec
T U02 P2 20 mu/sec 2 b %2 AU vhek W2l
7| x utAl Atefofalel X Are] FIge AUC 0.625, UO3 0.557,

0.542 2 AUC o} Z o7} 7t# =t

o)
3

uo2

g, ¢T38 450 w2 2 33 459 ¥zg 23 2.19 o o

g gl &0 Z7Y 42 2 3 457 FezE AL
o nxE (2,11,12] o Azet gxstz Atk A4 FE YA

o4 Uc = AUC +# % 6.0 mm/sec, U03 £ 2.9 mm/sec, UQZ

l

3.0 m/sec T 4A%tT A ¢ vk el F 3
e £ 4 444 $E4Y A24E Ud b A2
Table 2.5 ot A4 71E $4 gEiolMe Hxarel e

4 (two phase theory) ofsl 24st: H& $33 Aelefs
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Dense phase voidage

0.66

0.641

0.621

0.60}-

0.58"

0.56+

0.54

Fig.

Fluidizing gas velocity, cm/sec

2

2. 18. Effect of fluidizing gas velocity on dense phase

voidage.
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Collapsing velocity, mm/sec

6.8

6.6

6.4

6.2

6.0
3.6
3.4

3.2

3_.0
2.8

2.6

AUC
0/

10 20

30 40 50

Fluidizing gas velocity, mm/sec

Fig. 2. 19. Effects of fluidizing gas velocity on the

bed collapsing velocity.
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Table 2.5. Uo/Umf and & /E&mf of AUC, U03 and U022 powders.

I 1 i T 1
| | AUC | 03 | uo2 |
| | + + :
| Ud/Umf | 4.0 | 2.4 | 3.0 |
| | l | |
|  ed/cnf | 1.13 f 1.20 | 1.07 |
| 1 L 1 ]

Table 2.6. Characteristic fluidization velocities and dense phase

properties.
i Item i AUC i uo3 *1I| U002
iminimum fluidization velocity, mm/sec ? 1.5 i 1.2 i 1.0
%minimum bubbling velocity, mm/sec 1 8 ‘ 5 } 4
I freely bubbling velocity; mn/sec -1 40 1 46 1 20
l dense phase voidage } 0.625 = 0.557 = 0.542
i dense phase gas velocity, mm/sec i 6.0 } 2.9 i 3.0

L e —_—————_—— e e
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g muobs] 35 Ud/Unf, Ed/Emf B A4tsted xgh.  H HS
324 A225E 2 $EH 459 2408 9 FE, 5F3
go myx $E3 gud 2380 T¥v20 % Y5 goluhd A=H
o3 mE E Aol AT gl TUSl dAsiME gLl A
a orgT 988 o £ otk Table 2.6 of & AFA FAY I

4 4% 9 349 B4E et st

(3) A=A 5%
‘AUC, o3, U02 7 £ 2R 2549 X °1=21 spherical cap 3 ®} &
Gerus gl oo BwA mebd 79 2.20 of e
wake angle & 75 ° ¥ T o] 913 wake 298 0.7 35 HYrh o]

ax v ok

)= moke 9zp=y] 60 Fm & Synclyst catalyst %2 7| X X%

4%z xxue 93 BT ALY ol A% 7| Eshel analogy

of 7] 2% Grace [14] 7} A ¢ T bt op 4] 8 A&kt

Bw = 50 + 190 exp (-0.62 Reb ) (19)

ck Ow : wake angle, degree

LI |

Reb : bubble Reynolds number

De Ubr f’d
Reb = ¥ ; (20}
Md

th, De : equivalent bubble diameter, cm

Ubr : bubble rising velocity, cm/sec
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Fig. 2.20. Typical bubble shape definition of wake angle

ewl
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€4 : dense phase density, g/cm3

Md : effective viscosity of dense phase, g/cm sec

(19) Hof HFohM 23 Ow P& Y3 Reb § T3k (20) 4
o} x| De, Ubr, d t& Y »d e F3pW Fcp.  AUC, UO3, U2
o thstel AT HWAE X 2.7 of Pl sk, ojm wEA
Data [14] &} u] 2 %uf] AUC 9} UO3 2o} 7% 4.26 g/cm sec, 4.83
g/cm sec & H 2 Yo Fg Rol: YPoen JE T Fo] wjxH
Synclyst 9o 4 g/em sec 9} Ao wl&¥ L bl gt

Uo2 2 4w AR vlad 23S 2ol Yt

E -9
AEL A5F (holdup)E th Yol oot A%stgirt.
Ht,avg — Hd
& = (21)
Ht,avyg

T, Ht,avg = B¢ FAEF o

2
Bd = 534 %ol

Hd g & 53 el ool wopgdont AR A Jx AF

[o)

& 2% 2.21 of vepyct. 44

=

| 7 €+% 7| -n-a“’l =
7t 3 ¢+ 4. 71 E A% 45 9 equilibrium bubble dia-

meter = Barreto G [15]¢] A &% vhg4of &lstof oty

Ubr = (Uo — Uc)/ & (22)
B, Uc: & $3d 4%
& 7lE &%
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Table 2.7.

Calculation of bed viscosity.

I 1 I T 1
] Item ] AUC | U03 | Uo2 ]
{ ] i l |
I i ¥ . I 1
| Bw, degree | 75 ! 75 l 75 |
| | | I |
[ Reb | 19.3¢ | 19.3¢ | 19.34 |
| I | | |
| De, cm | 102 | -1.68 | 1.5 |
| l | I I
| Ubr, cm/sec | 80 | 58 ! 58 |
| | | | |
| €ap, g/cc | 270 | 2.2 | 4.65 |
| | | [ |
| ed | 0.625 | 0.557 | 0.542 |
| | l |- |
| €4=Pap (1-€4d), g/cc | 01 | 097 | 2.13 |
| I I I I
| #d, g/cm sec | 4.28 ] 4.83 | 9.58 |
L I 1 | ]
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C =2.77 a (! -0.99Y a) (23)

A = Uo — Uc (24)

Y = (1 - Umnf/Uc) Umf (25)

‘31 Umf -j"'-]j: 'ﬁ‘%*} "ér‘:l_:

7N E

o

e
a

AP

E A4 HAade 29 2.22 of uetdiy $40 2

Q

)t g4 7 E

4
bl

-

7 &7k kU §< 50 mm/sec of X AUC & 80

Ir

cm/sec, U03 2} UO2 = 58 cm/sec ¥ 53 8/ 43 712 woyp, Jx

B AL 3t 27 2.23 of ek Hed AUC £ $4 30 mmlsec

rls

TotM wEl ZIER FUvl FEEE Holn 8§44 50 mn/sec of 4 7
X732 AUC 10 mm, UO3 16.5 mm, U02 14.9 mm = UO3 2ol 7 o}

M 2A AL Agn.  goF A¥YLE 4 H4E BY WY

5] ¢d Bavt gt

+H B4 2 tapped density ¢} bulk density
%] #] Q! Hausner Ratio &} repose angleo] Fdtoe] 4w 2 ot 7|4
FERAAE $3 VY T 3 AL IR 4, gAR %Y @
B8, Az 7lE 24 459 A2 553 £ ¥ Umb/Unf, 3 o

¥ A, & 43 &5, n/4.85, Ut/Ut Sof tfdt P2 F 2.8 o

o}

Bl sk, o] HaE mYW RPHOoTE NFCEYY EAHE

2ok PEE QAW Bvye

rﬂ'.
it}

S 2 LS <) B A = o
ET A 2% TR 4% 540 F2
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Classifying powder group by Geldart’s criteria.

Table 2.8.

Criteria AlIC

ITtem

[
- - ~z - -} - - - - -
Kni [
- —t 1 [0 ]
o} N £ a ]
Qo (o] 14 <)) o /2] (o] o 0o [ ]
= . ) — . O . - . -
w o (1] o w<H =2 L) — —i (A ]
&) &)
=z - -~ w.ﬁ .Ai.A.A g ~z} -
= Q €L )
+ — VM ™
o] L ..@ (o2} ag] o Te)
o] (8] + W (A [47] [aN] [ar] (2] o
H +2 O - . @ . . .
(7] o 73] 20 <H O — ~ o
(43
- - - - - i - (& - O
um g L w0 w
—
el w0 el of — o (s
-l (o)) 3] [4)] o [#7] w - ™ .
=] - - — + [] + {e]
24 < 771 4] 0 - O — o~ —
o ~—~
0 ey m O
— + Q &)
@O o A 2} .-
jwy 1.“ - . <
4 m -0 o] m —
Q. Sy et Nt ~
O i + O ] - —i —
U N~ Q o < i
Ow U =T P 3 -t }
o X - O N D] o o
O O el o i3 i o
o oW L Ly Qi A .
L A FY O] — - 1 ’ =
o oo /A Q ~ £y o v
I
2
[ m © o o]
b % [ o
Q m o 3 -+
1] — &~ o0 Qv nm
£ = -3 = m L =
Q ~ & 0 B
= o 4 o G~ 0 b
— o ~— Q O m ™ o & 1] Te} 49
o o ~ =] =] Q o o Ts] o
3.4 .0 ' ~ Q —~ 0 - ~
% % % &8 £ % %% &8 %
=5 41 4 E 5 8 %8 & T 5
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(4
2

A 2YY B4 hehugt
P owovhe ¥y 2o oYA vy 422 4H $34E W
stk HEFoR w2 ¥Y W 3 gUA WEL S,
olwlel By e 2% 2.2¢ of ehuga 1Y 226 2 o3 2mE

¥ UE H4E U02 2ol domain frequency = 4.1 Hz o] 3 RMS

o

(Root Mean Square) -2 0.419 mm H20 o] t}. T F 2.9 of &
glass bead [16] ¢} U02 2o & ¥4 24 (fluidization quality
index) - vt oz atol iiebuy Yt

BMS x 100 S

L2 A = (mm H20/Hz) ———m— (26)
domain frequency

o2 2ol 747t glass bead 74 ¢ of uls) 1/47~1/1132 #2 u
F ool $E4H0 YU ¢ 4 Uy ok U2 £Ys He xx
Ao 338 ZFUE dstel WE @A Hel 7| X9 =77 oA
o Eoltk.  mhetM & EWolH Ex|E v T gHEnt = 7
A E 2 domain frequency = Aty oz SAHo N $EA 24

A AA R,

ol¥

rir

)-

() AR AYH %

EAZ YT Qe 57 oA 2AZ 27 $AL 27
shof o2 Mb Qa7 QWL AN shurh. LAY Iagd
2 9% BE 2% AnE o9 2.260 ey . g4HE 2o

AWM AL ol g FA S 2Y bgY AVYY 2

5.

L
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-0.565

-1/13 1 1 1 { L ] £

Time, sec.

Fig.224.Differential pressure fluctuation signal.
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Fig.225.Spectrum density function of UG, powder at Ug,= 7 cm/ sec.
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Table 2.9. Fluidization quality index.

T i 1 I 1
| | mean size, | density, | fluidization I
| Powder | | [ gquality index, |
i | Hm | g/ce | mmH20/Hz |
| : | % |
I | I | I
| Glass beads | 710 ! 2.55 | 476 !
I | | | I
| Glass beads | 482 | 2.55 l 680 |
I | | I I
| Glass beads | 279 | 2.55 | 1158 |
I I I I I
| vo2 i 25.7 | 4.66 | 10.2 |
| I | | |
1 1 i ] J
»
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Fast: 2o 380l ol Alumina, AUC, UOS, UOZ o £ 0%
VF FEV A 7% 2.26 o4 4ME ey Pe 9F oy

3oEsEel A4 (17]ef M zsbgct.

1-& Fi
ct = . (27)
= dp2
T, Ct o B 9% B, g2/em2

S &
Fi: A3 Yol QAT 94, g 5

ok
A4

F3EH AW P52 4 data® (20) 4ol Yol Fi 71 ot
of Fi Zt& thal (27) Ao] U o] 2w Ct of € Apo]o
€ T3hof o] ¥ plot stgith.  of7l4 2 Fi e AUC 3.64 x 10“3
dyne, U03 1.75 x 10™* dyne, U0Z 5.99 x 10 %dyne, Alumina 1.28 x
10%yne git}. Aluminal Geldart 7% A of &ot: &% 2ae 7
DB YE 4 Yo R T EUR MEsto] w29 1ak s
W02 = I F£2 2 Fuf AUC = 6.1 uj UO3 0.3 wuj alumina 21.4 v =
v}hgh k.

TR, FelUI dAT gez RE AHI g7 AHL o
8o S gk o] AAE X 2.100] vhebujginr. Lz mio) 2y
oF gt 7Y 2 AAE Huly Ane Wel (1Y 2.27) 2 2AE
Arskgdod U03 o 002 & Aol 7 u] 39l 7 AUC = 102
o ¢ 3.2 ®], Alumina = 14.9 wuj%it}.

72 2% $Wez ¥ PHE aaste L 1 =v]Y e

PY

-
Al el

I
3

Of
-

—

(4
g

- 1o 3% xE Alumina, AUC, UO2Z, UO3 < o] o
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om W2 YZ2er 2 =7u g An gn 2 FHE WA 9 8}
grk. ol F Helstel F 2.11 of urEET

Sz, A 7 E $4 AEY 44 50 mm/sec®] REFAM BF
o] n AxE AA ZWe| W oyl WEe ¥ 2.269 A
b 4E2 sl ¥ed £ duvta 7AF shlg F4 AUC 0.247

g/cm? , U03 0.185 g/cm2z , UOZ 0.075 g/cm? alumina 0.30 g/cm?

vt
7t qapol tistel 4A7 9¥Hi g FY e dA Z
2] & drag force & Z3ted M2 alasted 2ok, g FHE

ol

2 =73 2E 2dn U7 ¢ Y& break-off test 2z A
4 stoleni drag force & A =77t H1 ¥ 8. &0] %7

o2 ol stoke §H8 thEdE Agstgic”

Fd = 37w ydp Ud/Ed (28)

g, Yo REVIA AE

E 202 o ANY 2 YEE wastel gv 7 Y F 2R F
Hof ulel YA 9Yel 7~ 88 ¥) & ¢ 4 grh. Baerns [18]
A MEDAD P (29) A FFA47H 0.001 2k L W
$o 275 stz stged |

Fg

2 2| 4 = (29)
Fg + Fi -

o'-ﬂ

[
e

L 4gAFGolE 0.01~0.12 2 AT Yo FFol 2eY T

ez xu) Mol otgrt. &, JAT Yo YAFAL 1000%
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Table 2.11. Comparison of the results of break—off test with those
of glass plate test.

UO2

I ] i ¥ 1 1 1
| test | | AUC | U03 | | Alumina |
| % | | + " —
| | interparticle force, | 3.64x10_% 1.75x10_4|5.99x10- | 1.28x10 < |
:break—off ! dyne ! ! L_ ! J

test ! 1 - | L )
| | ratio I 6.1 I 0.3 | 1 i 21.4 |
- 1 | : i e j
| glass | interaction force, | 1.2x1073 |3.5::{1C)_4 |3.7x10'4 f5.5x10_3 |
| plate | dyne | ! | | |
| test F { ; T i i
i | ratio I 3.2 | 0.85 | 1 I 14.9 |
{ 1 L I ] 5 i 1
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Table 2.12. Comparison of particle gravity force, interparticle force and
drag force.

| ; 7 r —

! Item J[ AUC I} o3 l| uo2 ! Al203 !
iparticle gravity force(Fg), dyne} 6.90x107° i 2.40x107° i 4.06x107° i 1.45x10% i
I| interparticle force (Fi}, dyne 1|3.64x10_3 ]| J;.75x10_£' i|5.99x10"" i| 1.28x10°2 I
Il‘dra.g force (Fd), dyne l|6.13x1o“5 i'é.Soxio‘ﬁ Ifz.z;'r»do“" I15.85:&0‘ 6 }
|| Fi/Fg l 53 % 7.3 I| 15 ! 88 ||
}F.z. = Fg/(Fg+Fi) ; 0.019 } 0.12 1| 0.063 _+ 0.011 I[
i Fd/Fg f[ 0.089 i 0.104 i 0.081 | 0.040 I!
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ol AolW &0l EvtEstetr stded AT Ao dx wA L
7~90 v FEZ YIGH FE HFH st Qdrt.

whabA] AUC, UO3, U02 of & % A9 HMHAHJ &of gaf xrt
da 2717 H2 7 Y5 FAE T2 FE SEHE $4A

ot A2 AT ol $E5EFU AL Y2 balance of 7] ofs}

rlr

AED} 5 7t AN FHEHDL A ZF £EY gFui)
(Fv] §HE AHE) 294 AHAR 2 FE 7|ofstr Y7 dFEojet
b,

rg

pod J
v

eid
1

egt. 3 & »

(1) AUC, UO3, U02 2uto] tjate] 95 24, 2yx, Ay Azt

ue

E, 9 Y5, 92 (bulk) YEF, $Ex 9gxr, o4z, 5=
FE55Y 24 v Eo HE AZRE FHsHYUrh

(2) AUC, U03, Uo2 ol ufsted w7]x YA o HFEE2

Richardson—Zaki Alof 4 W&& ¥A o 2 & *EH &5,
27X 34 45, H2 A% VE 458 £525 549 458 &%
s it

(3) #% 54 €4 BHHL F 3 HFA ] dwE 1Y

T AEE BY 2 a7 E AY sy ol windbox 2 Foi 7

Zof &% % %E o momentun WY FE AL 4& HE 3

(4) & #3 AW Bo} AW, U3, U0z ERof cittel ¥
3%, ¥4 72

A ALskort.

by

— w Mo o ™ AF A A 3
T, 7E OPEE ¥R VE AL FE, VX
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h

(5) 7| E wores wE FEAL EIT ALY D 426, 1.8
9.58 g/cm secE THE o] wa) wlad AL AL LA

(6) QA7F dHg F 457 8] 8] break—off test ¢} glass plate
test = A4 spgith. AUC, U03, U02 #Y L7k 3.64 % 1073, 1.75

% 10°% 5.99 x 107 %ayme 2.2 Fvbal W FYel ¥l RIA A

-]

(7) AUC, UO3, 002 ¢ x}7k QA= 71xh H i Adar Yyxr7t sl &

o
4

oby 22 2E4E HAERS AAT CA A FHA T~
&
|

50 sz QA7 Dol §% ol Fel Flejste WE2E XE

st
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o,

3. AUC o UOZ 2% =B ox
A ¥
1) 43%A

AUC 2UAZE $1F A4Y v ¢ 268 233 W02 <9 A

2 rolF TA=L Y 2008 FE AL FHeh. 2FAY
W 2HYEE olul JHEHJ.  TEA LAY e
d = 8

AUIC £Ug MzstE 2428 0t g 2o F4Eg AT v
ST A AR 3 AZE AUC slurry B o3 RelA|v =
filter & AT,

22w AC 2 S st AUC Y ¥z AFES dred

Z4 o2 box ¥ pAHe gk, JhA FH xE box £ X
o 2ee £2=2 Yo gon 77 nozzle T UN &% co2 7
A 2z gxicte air B FAT. |
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stzolM F7|of 9% 223z o) U0Zwx 7 k. o 2
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B FH2E T8y B4 g44 THAM U2 YAy wEW
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3} crystallite size 7} = of ¥},

o} Hu
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Rwy EW wR

AUC 9] 2} 2] Ronding mechanism of 23] Ao TFxHow.
Aol Hgdon o g vhal g st tha 3 gt

AUC 9 #7} Rounding o] Huj ®x.2 corner ¢} edge 2o
nprE e g Qo Roﬁnding o] Al &=}, o] 3 rounding
9 HEE ved Ye 3EY Yxol wek dx xHe

surface Ronghness of 438 24"},

= Pump impeller of 2]3F AUC 9 =}o] attrition
— AUC Q=}s} M Az o 2 Eo o8t attrition

~ AUC QYALE o] FEof o3 attrition
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2T 23 4 T Ronghness of 7% 2 % ax
factor & ¢4 I FEstE: HeiAY © T2 o o
StA Hu ofe¥ §3H 2 9T Smooth surface & 27| 3
3§ 4 & mild impaction o] Rt} % 8 3}nf o] & % mild impaction
A ZAH: A& dAYeY 28E £ 4& Aoy,

l¥A ZIIAAe] 23 AYe vk Postn WA Fad
T A2 ARE A AN Y HejAE AP 4y g
& LRE B4 YoM & Aot pilot scale ofA Yol T
AnE “I.E ’;IE *.;r°i»~] AUC ¢ &4 Rounding mechanism o] X%

ot 28] -__L.t} _—.—%ﬂ._’-‘l_i_i " EEFTY

1) AUC 9 &}29) | Rdurjxdi'ﬁgll'procédure
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2w EW Aot 1Y 2-282 HEY YHZAM Az
¥ AUC EW &7 o) uj :Eg 2-29 = Slab type YAz oA A2
B AU EUATOIt. 5 TReps & AU EW fine
UA-2) agglomeretion & BAYAT gtk AU YHA)
U#+el corner 9} edge 7 ntE Wtk & rounding 342 fine
partlcle L] agglomeratlon of o] sf smooth surface i AUC 4
LELDE CEES PR T ol'-“ox' 24 of
L EEL R RN PIEER 200%'?«?-3

voz $y Az 443 ?M»i Az aﬂ_ AtC R a palot
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Fig. 2-28. SEM Photograph of surface of AUC.

Fig. 2-29. SEM Photograph of surface of AUC.
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U = O 0] 7 & 7 ul 2o} AUC ¢l 48] Rounding mechanism
e oA EAEL dAT V] tety PALE A
2712 293+ g

e Agglomeration 2} 3 Rounding

~ o] ¥MALL AUC ¢ #}7} Nucleation § U A zstwt g AUC ¢
ko) 2zl 7@ =Y (monoclinic type) of A corner ¢} edge
7} upz ol® ntE Y& W3] Slurry density JF @7 ® £
of (20 g-U/1) corner %} edge w}2 & FF pump impeller Y
crystallizer wall 38 FEE# dojvtr] Wl A¥H X
g gare] EWol el AEA ihEpdth

- @Y Aol AAYel vt BHz U Slurry densty 7t
ZJtst 3 slurry denstiy Z7}3 93] Secondary nuclear 7}
2 glo] MAEA Hul H3] AUC Y=o FE7H T pump
impeller of 2%t 2% 7|3 Xy} d#7ee $E A+

ojt}A H o o]&} vigo] fine particle ¢ AUC nucler v )
¥ 2 AUC AAEY Ev FAHA HI o HRE Fe 0
2ol EWel R=2-g AUC A7 "t

e Mechanical o 2} %t Rounding
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o] B o] F 18 0o]A agglomeration of 2] ¥t rounding o] ofi|
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crystallizer 8] Tz ¥ s thi] Usf crystallizer of 42
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Al 29 % &= gasgo] T o lﬂ ZE % crystallizer 4 of A
Bubble coalence 9 pump FH o7 £.9% R 3wy o

5] 8 mixing intensity & ¥ol+v 2UdHIT 9+ Aoz m

w

. o E ‘QH]%“'P aFzve] el WolAl 2 QdaEw™

of A AlE] & ]- 2yl o 4 fine particle 2] deposition
frequency YWolz] zie g wride}l, 237 2-30 ,31 & X

WOEYY FzxF oY) gl dvebva gled oA AHE
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'SEM Photographs of surface (aboﬁe) and

2-30.

Fig.

-

overall (bellow)} of AUC
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" Fig, 2-32. SEM Photograph of UO3 surface.

Fig. 2-33. SEM Photograph of U03 surface.
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SEM Photograph of U03 surface.
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Fig. 2-

SEM Photograph of U02 surface.
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Fig. 2-37. SEM Photograph of U02 surface.
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3)

TH oAl "al AUC AWz £HUH YL & A4 pilot

plant ¢ fAtY Zex rreigg,

Pore 2| %4 7%
27 2-38, 39, 40, 41 -2 AUC o 23 2xof upel Az™
Uo3 of EWAelry, 13 2-38 & g3 2% 200 °c,
28 2-39 & 300 °C, Y 2-40 & 400 °cC, 238 241 &
500 °C o] & d¥al Mt AWg 2w Lo A4 pore
t Sphericel & & elongated type & o] 9o} &5}
7t of wfag leminated type 2% 37t g&¢ ¢ 4
Avt. 29 242 = uo2 ¥ XW 4o s U0l 2}-71%
Ze 718 FAStr laminated ¥ crystallite o] =7}
3 ¢t 7o Fastrh A Yaf w02 o 73 xzE olu U3
oM FHRLE & &+ dou V03 9o HHABL Hojri

A& YTty 2% o & 9.
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SEM Photograph of U03 surface.

a

2

Fig.

~38

Fig. 2-39.

SEM Photograph of U03 surface.
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Fig. 2-40. SEM Photograph of U03 surface. .

Fig. 2-41. SEM Pictograph of UO3 surface.
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Fig. 2-42.  SEM Photograph of U02 surface.
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1) AUC 9 A} Rounding mechanism & &X &4 At

e Agglomeration ¢f 2 3t mechanism

e Mechanical attrition of 2} % mechanism

2) AUC 9] A} 8 Rounding mechanism of whel vo3 @ UO2 B X

o] getiet.
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CATRIDGE FILTER

HOPPER

SIGHT
GLASS

<

L

L

VIBRATOR

1:(:::) BALL VALVE
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—
FLUIDIZED BED
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iRt
I 1
;! Lj Lj { | |e—— AUC POWDER
M /' " -“' —.1
- AUC “~-J | PRESSURE
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No PURGE

Fig. 2-43. Vibrating feeding system for AUC powder

(before improvement}.
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Fig. 2-44. Two pinch valves feeding system for

AUC (after improvement).
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Y% 93.9% e control logic of &she} A &K A
v} o] &} logic diagram & e 2-45 ©l 2-463 Frt. Z pinch
We 1.2 7 2% s A Aol e 1& goj 7.3 2l

o 22]® AUC PYE sight glass £ 3 s, ol EvF

4

N2 & purge 3o} sight glass Uj$-8 1.5 ke/em? 22 ZHUT

2 wev)|z Z3% F tha d2 2 F 2o olet¥t 4

o Mg wE Wo I AKC PUE A4HOE FIHA T

o] & cycle & 1L E U g 24734 k.

Aduz 9 2¥F ALY
o BxE AP EH £2 458 FAY £ Aol AW
swe 2374 27042 4 9ot & 1.3v1.4 ke/min A

AUC 2ute 2o¥ 4 g9t E BEE MY TUSS

”

dstol Ave] QYL B4 24 Aol F 4O E2LI
ZFastgrr. 2@ pinch 42
%ol AA Eohel

Mo o 33 FEEAd 4X.2477 37t 9 ewd B
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Fig. 2-49. Photograph of gas distributor after use.
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FLUIDIZED BED

CONE VALVE

SINTER METAL

L—-} - L“] CYLINDER
AIR BOX :
' FLANGE
LL —jm STEAM
L CRACKED GAS

Fig. 2-50. Gas distributor of fluidized bed
reactor (after improvement).
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Fig. 2-51. Bended heating element. i
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Fig. 2-52. A crack on the surface of fluidized bed
reactor. (It was developed along the
welding line.)
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Fig. 2-53. A hole on the surface of fluidized bed
reactor. (It may be caused by arc
between bed and heating elements.)
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FEEF TEVNY L2 Skl ovtet WAHEY.  sue
TEolefM AUC 7} ] A st 430 °C o] 4y o] of of 3} nd
(A A& 500~530 °C) Y2 design A A2 Yo 2 kg/em?
o= 2 M 1.5 kg/cm? o} 3t 2 3hoof 3ttt

AUC —"*‘201 *+55 UWREE ZIHEY SoEH YT sokAH
SEE Aottt uwhebd AUC FFFol AA L oW &
F oi5of X3 heater o &%, d¥Y A& Tof At
AEHE 8 o] A5 st FolM AT v Po] ALY
stdem Y¥YL H&F V7] ARl X2 eatridge filter
oA o ERM sted AYEHT ¥ Y FRHE Flotof filter
o A4E 47AAM 104 F7HA 7] 3 5744 FoiAM

=718 group2 & WEo] It]E back flushing 35§ 3} gch.

bt

bn

Thermocouple o] 4Fqig® & WAstAT. Hol+s 35 U5

7} column of 114 inch nozzle & 31435} o] Fof thermowell

=

2 4 x]5}o} thermocouple -& 4 x]5}2 21} thermowell F2 &
4% 2] YEEY To7 dote] 252 response 7} nfg
kol ¢ 89 F3oig AAHstE Aoyl Hgshal gt
=3 AUC 7 To] ZIH ol 2E7 vl AIC FFe] FTEHUE
o oA 23 A G kel W Aol BadA Havk. =
nozzle 3 A x| dtof wal 717 LEV & 2E2o o E A %y
ok¥tul o £AE Lom F EUME HIY LEX LANYL
M gXME Axlstrlst folohx] Bohgeh. whebAM Ao shube
a}

ZETE HAst o E Bolol 472 thermocoupled 4|3} it}
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— ol glelE Wbl thg A el VAU
e steam line of ~% condensate §2|7] A3 %]
e preheater 2| &% T7t
e pinch valve & 9% ¥ A¥3py] §T Jjacket 4 2]

e pressure tap o] sintered filter A X

. =2 Sgd AL

1) AUC slurry o} & %y ¥
AUC A zofal A whiol E¢ F AUC filter & o] &3 vl
W=e sashgout slurry o]7] WEo] BE ¥E 1T
of wrAjshelth. webd YAz E AV E etz 2 dHel
dttel A2z ol 5HES ot

2) €02 JbA] HY
co2 FrA0 ¢& 26 ;o pilot plant o4& Z2qg =74
dhebad A BAGME hed Fol AHskc
_UNH 7t AUC = uj 8@ co2 9 : 97.8 ke/B
— excess ratio & 100 ¥ 2% ot¢of Qg : 195.6 kg/B
- heating A] WQ 9 : 26.08 kg/B 3

 _ aging © AUC 48] settlingg 7l $ishel B3 E 002 ¢ :
96.3 kg/B

~ whebs ¥ batch of B R Y : 251.1 ke/B
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Tejub 4H = oM excess ratio § 50% E sh=d FE%AS
nf aging uj €02 WAl air & F-Fstel & el FSHUT
— Excess ratio 50% 2 3l 3uf g4 % : 146.7 kg/B

~ Heating o] M 4 ¢ : 26.3 kg/B

~ u}abA % batch of YR Y : 173 kg/B

npebA] 3 batch b €02 A F& < 80 kg of glTt.

3) UN &4 33% 2%

AC WBA HE FLY 2YA4 shbE pH goleh

AUC % & ¥ & buffer solution of7| wj&of vl AT 2
of Wal: pH Ztof 77l T AFE 2A ded 2dA AN

Agstol G de o] FIHW pH B MM WA

Yo AUC 7b urEA AzEA gErh 002 & $HET =
A gotd AULE FEHW FAHA 4T IUD w7 A
2 wEHAT gEuUctE Wol TAEel pH UL EolA Bk
® uN & o] Wol 23U pi we FA wepTth. uhehx
pH of 9%& 2% Re Yot UN S F3 Rl ok
W83 237ty shch. et UN &9 e Ev A
g £ 2w 3He 29 WEeE Avhel 3wz batch

sheh o 3040 g/l 8 WEel gA moh ek BA
gebgol 16 ky o Aololnt UA grioh 2ol o 10 ke
o wxdg ofnshu wetd pH & TSI W of

et
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FEEDING RATE OF UN SOLUTION, 1/min

3.0 p

[
o

2.0

DENSITY OF UN SOLUTION, g/cc

Fig. 2-54. Calibration chart for feeding rate of UN
solution according to density.
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urebA AUC HHEE OUN E9g Fgotr) Fef N &4 HF

& Z7oto] ool whebd F3Fe %A 2FT WG

2399 wHE 29 254 9 U

i
arl

a9y 4%
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voz £gel v EWH F geld 54 o thermal aging of A
e A E v o] JTEY $etw £HY FEF A+ 4
sbA EHw go F2e Esha g d HEUY Fo] 497
b2 A et e R A4EM ol AA AddMe U2 Az
AAE erd PH2EM Fae g wE BlERHe Wze
k& k.

A

r : T |
| | thermal | wEHZ |
| &= & 94 K | aging A7t | (m2/g) |
l I (min) | |
| | : i
| | | |
{ Scale 10 ! 60 & | 4.2 |
I I | | |
| Scale 20 ! 45 ¥ | 6.86 |
| l | |
{ Scale 16 / Scale 10 ] 45 2 | 6.17 |
| | I l
| Scale 15 | 50 | 5.03 |
.' 1 | !

pas uwo] Z.Z3+ 7 thermal aging A
2e WA YA% s EWH] Suhstel Scale 109 FH W EY

Hg ohes] jFastel o] wxz EstA B

whetA ZREHE 440 ¢ 283 ot3 thermal aging @ £ X

o Ao voz 2y BaY 40 Aeistoior .
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rig

s AUC, UO3, UOZ WS B4 W £F B4l &% Mol vk

o U PRIYE, 94T VY, JNEGAEE 5

T -
+F 449

L}, UO3 T U02 299 ¥

of4

e laminated type 7] 2728 A un 257 F7H3 o4
uba} U03 7] 2 312 = elongated type oA % wdd

laminated type & ®H 2y

-

’%

o WP 48 Aol §5F ¥EUY 7z AN

Feeder : vibration —— pinch valve

Distributor : cone —— cylinder type
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AaRd gHso] BAFTE AL HE U2 $U U235 7F o 3.9%

o xjx2 UF6 3 2 AzstA o of AP AJY reconversion

-
2ol Tt

o] B

s & U AN gWeH As ¥ FHolA 40P s

aH

(vellow cake) & W& BF+52 ¥Hor2 A7 "ol FA

12 £ A% UN (U02 (NO3)2) £ 923 Az of N &9

AT L U2 2ol HzEM ofr|ef HF o F2 & F &AM ¥

= RASkA frk. M9 UFS E U235 7 o 3.5% P PHB UFG
=2 Al o] UF6 3 ¥ thA| U02 ¥R Hzvted o AEE

X
A eg olet @Tct.
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td

1

A g7t oles AUV Il A3 AUHe} Hdol ol FHI gt
FHez: =4 44373 2MIHeR FEHEd, $43EL
DU R AUC Yol g PAZFeEE I BNFL cfx AU IR
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pelletizing 8 A& £Zo| 7H5 PR 73374 THAE ol FY
23A AAM e 2UE AzY 4 Ut 5 PUE Yol vE:

9] t}.
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2 o rof = UFE tail of 2% 343 %

ooAFA A AT A4 S gE.

Ad 9 Hejed P&ID

lo

- 23R

UF6 cylinder tfof T4 AWl A% Z2HE UFE & UFE cylin-
der 7] 3}7] o] saturated steam of o] 5] v} d 7] 3 5 of vapor
pressure of o] &) AUC (Ammonium Uranyl Carbonate) 3} 2% o] F
229ct. oluf cylinder vfol UFE o] 3% o] HojAR! vapor
pressure’t Yol A UFE & o| 4ol #7F%53tA Hof CO2 gas of
ol 5] purging ¥+¥ 2% Fof A% H v Ventri-Scrubber of 9] 5}
cylinder Wj0] %o} UFE & Eqstvietxs 5~6kg 2| UF6 7} =
FLE dorgdA €.

(cylinder A4 : MIN. 736cm3, &< ¢ ¥ : 380mmHg A)

Tojge] UR B 3 4vtel Sty HA4gE §o FAYE wolX
UFE A 3ME 1M s AM¥Y oA L7H URE T} 34
9 cylinder |4 2338 AAE oA Hodaen I V[ ERel e
3 7.

UF6 7|3 % UF6 7372 %8 2el¥ UF6 cylindery 77| heater
7t A& UFS cylinder 7} g7l dof gt 100 °C ’JEE: 7+ 4
¥ ¥ watering vacuum pump cylindef Lﬂ-—"‘?—-ﬁ’.] o T2

suction %tof W},
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o]} watering vacuum pump 2| seal water = pH 8~10.5 A}
o] o A] A e ¥ AC (Ammonium Carbonale : (NH4)2C03)-8 9.2 Af
a.5uf olw] UF6 cylinderijo] 7|35 o] %23} UFG gas
watering vacuum pump T FYE T A AC SRy YA U5
)
7 MEeE &

(lkg o]3}) o FEotny T30 fepwol F2dof 2o} 37

7t gob & A-activity & &t Th (Thorium) 3} Pa

§

Lo
4>

=,

L

o
)

o
~]

UF6 & vacuum pump % 29 strjgts 4

(Protactinium) 4le} Z UF6 cylinder ujof 24 ¥ 7| uf o} AC
(Ammonium Carbonate) -& A3} Demi-—water T M X t¥x thil 7}
9 3} o vacuum pump of 9} 8] Tiz: A It}

At 7l of 44 Seal water & A8 5 11 3 43 AC (Ammonium Carbon
-ate) £ 9.2 AUC (Ammonium Uranyl Carbonate : (NH4)4 U002
(C03)2) A 7 =9 1n1tlal £ ol Q¥ = 8%, cylinder
M2 27 a2 " AC (Ammonium Carbonate) & 9.2 & 9] of
ZA 8k Th, Pa B A% X2 activity o] Fof A Fzo A

® UF6-filtrate 2zl 22 UM Letkg 33t
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22 %A

UFe % 3|4 9 cylinder AH 2HE S0l 4xHEE 22

# 2] ® = Fig. 8. "Flow diagram for recovery of UFE tail”
Aol Eol® ubel Fow AAEL YA F &4 AU 4
Mxe Astzel mEHel YA &7 27 AE 44
MMo] woggen 28778 ohehst ATt

7}. UF6 cylinder?} 47| {(V-101}

a7 =7 2 Ho] 950m o] X 7o} 2400mm ofvt. UF6
cylinder & #% 7+ gdstr] $% #2 2 A F7] heater (10KW)
5} ay] EWol 42 EHu UFE cylinder & ¢ witRol &oT

T3 E ARG,

Uh. AC 29 Az (V~1024/B)

27 27| 2] &0 200mm o] & Fol& 2000mm g A} UF6 cylinder
e Ay &9 2ge #% 4vzAM UozF2 HHAge ¥7

ofu Bl g|8to] st = glass colum o F AHT A+

L. stainless steel of &4z A< U 2= teflon lining

of 5|58 A%,

b A HY ARz (V-103)
27 =y 2 o] 250mm o] X ¥l 2500mm T A cylinder U]
AME Aoz g AC EHE 4

teflon lining o} ¥ E2 A% %tch,

A
o}

r&
of%

Y|
R
B

A YR
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Az =vlE 2 Eo] 250mm o] I o]+ 4000mm 7 & watering
vacuum of &9 5 o] seal water of UF6 7t %3 H4+%® £9%
o8k A =g vt teflon lining of 5 EF x| 2} ¥t
w3 47| ol Ro]lr Z4d UF6 gas® seal waterd ke o of 2

st 2w a2 upy] 9 s cooling jacketg H A Tt

n}. Watering vacuum pump (P-101)

' Cylinder tje] 74 UFE & PZoE FYst Uyl A% g oln
impeller Y casing % 5 &% 4 &L L2 teflon HUZ A
et
- 29¥ : 750 mmHgA.

- EdAZL ¢+ 3 Nm3/hr

. A4 w A o] 4 pump (P-102)
AEE fAE oY HPzE o g3y AT FAEAM centrifugal
type ol m} pump seal 2R ojAol leakage & x| 3t7] 45l non-
seal pump 2 Ab& 5™ casing @ impeller ¥ A4 & 22isto
teflon 442 Az,
- o]&g : 1 m3/hr

~ 2gYg™ : 1.5 kg/cm2 G
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AL,

Ure F 9 o4 pump (P-103)

Watering vacuum pump o] seal water & A2 EHeol FUdHT
8 UF6 gas & X 4% 8 4.2 AUC (Ammonium Uranyl Carbon
~ate) A ¥z 27 R0 F o &ty §F olF FAIAM
centrifugal type o} o pump seal -2 of4{28 leakage x| §
2] 5t o4 non-seal pump ‘& A}£3} 7 casing ¥ impeller &+ %
A48 Je{ste] teflon AR A ZFert.

- o] & 8.2 : 1 m3/hr

o

- 232949 : 1.5 kg/cm2 G

. Line heater

UFS cylinder 7} 97| (V-101) 3 % ¥ watering vacuum pump
(P-101) of 2]3] & ol4H ¥ gas line ¢ line o Y
vl 2} 8F7] $18Fof 100 °C 42| & $]%t steam tracing line &

M o,

w7 A% 3

M7|. A% B2 E -+ UF6 cylinder 7k 7] (V-101) of M A H
= 3] heater W &% control unit g 7 &7} of A 2] g e
level control unit, watering vacuum pump (P-101} of A}
3] & seal water o] pH control unit, WA ¥ $x]of A3
pressure x| A A5 Fx Ao FHAANE 2Px2H U
& HMalg] Folg 2% local control panel of Az 4x|tt.
¥ UF6 cylinder & el 3AE F487 T weighing

scale o] WE 4aldch.
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22 Mulo UFE 7] 3lvjola 7j3t £3F &7 % UFS cylinder
* UF6 #t 3 34 U cylinder 4% FxE &7AH g «HMd

o) Me &7 B

LR I

7}, UF6 7} 8 7] 5 He 28 UF6 cylinder weighing scale &

gAAN ol TAE FAVE A HPct.

L}, =8 %% UF6 cylinder & UF6 cylinder 7> (V-101)
of cylinder 9] $jx|7} 124 H¥of 25 F Ay a4

# 7] heater £ 100 °C oA 2x| 7t 2} st}

t}. UFS cylinder (V-101) = 2. e} watering vacuum pump (P-101)
742 8] line ¢] 100 °C 2 $AH X & steam tracing line &

control %¥rr}.

g}. Watering vacuum pump (P-101) % 7 line -% UF6 cylinder
valve o] o z33k¥x 30827 suction 3f'Art.
ojuf &4z (V-104) o]t pH 7} 8~10.5 Abo] ¢ AC (Avmonium
Carbonate) S0 % level o4t 2|5 o} watering pump

21 E x| seal water 2 A423 £ YEF I

o}, UFS cylinder 9] zt & 8 suction F Cth4] UFB cylinder ¢
2AE ZHetel 2eFel 2AA 1 ke ostolni thE FALY
UFS cylinder V3 A& £33k} 1 kg ofj4to] @ Ao ¥X

& Wt Az k.
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g,

UF6 cylinder v & M %& 3 AC (Ammonium Carbonate) & ¢
A &z (v-102A/B) % V-102A of &+ AC (Ammonium Carbonate)

L qo] Mg V-102B of & Demi-Water 7F A A E o 1A AC
(Ammonium Carbonate) &9 2.2 line & UFB cylinder valve

of A4F cylinder of &% 25 AYFE (30¢) 4L A
MAxz (v-103) £ 2.

AC &9 gz (V-1024) 2] AC & %27 12 23 AHTF
Demi-Water 7} Ao A V-1028 2| £ A& AL thx UFE
cylinder & o] &3ste] A% 3 g 3027 23 4% Ay
b= N

AYE AL v-102a 2™ 2 FHo th& UF6 cylinder

o 1 AYE AP AC & AHJ2E o FEH.

. AC & 93} Demi-Water of o] ¥t A X % UF6 cylinder 82 73

2 o3t watering vacuum pump (P-101) 8} suction line of

A 7 3} o} heating (304) $t% UF6 cylinder valve & 93
watering vacuum pump of 2]of 22 A HFE&EE2& EF suc

~tion o] W& UF6 cylinder valve & Y= rtf.

L5

. A¥ 9 7zs #759¥ UF6 cylinder & UF6 cylinder 7} ¢ 7]

(V-101) 3 22| 3 ¥ weighing scale & S A TAE vhA & FH
st& UFE cylinder 9| % A Y=o UFS AH g A% 24 27

23 2dd.
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. AYE AN g ARz (v-103) of AR Y HALe 4y
WA ol5 pump (P-102) of &3] e g $1F dE Az

2 2y

7}. Watering vacuum pump (P-101)°] seal water 2 AL 82l ¥ & &
Z (V-104) of g AC §99 dvt U 59 2% o4
pump (P-103) of oja] %24 4u] o AUC (Ammonium Uranyl
Carbonate) ¥ W23 Yol AUC X wro o 218k =y £ 9

o d¥E Agdc

47 AAAAY £2% 74 YA 4N A% AJ g Ao e,
U, level, p So| YATW AYW 23 27 A8 9lokof 4
B ¥ 4BAE RolbA B A2 Yaof ol FrHe 2
A7k 27 3t

& @ u
Fst 24 v

g st}

L™

[—rr

.4

¥ 3B Y YA Yol AsHox A 1}
7} of sfe] el 2ui. |



F 27| 7| 8 DATA SHEET

UFG TF 4 Y cylinder 4% Z49 2 877]52 DATA SHEET

o ¥He Fen] 71 olist

£ okajst i,

I T I 1 ]
| l I | |
| ITEM NO. | =32 | 7] 7] k) | ¥ 2
_| | | I l
— I | ! i
| l I l I
|  Vv-101 | 1 | UF6 cylinder 7} ¢ 7] | |
} E } E #
| | l | |
| Vv-102a/B| 2 | AC &% AHx | |
I } i i i
| | | | |
| Vv-103 o1 | Ay fq gz | |
f } ] } |
| | [ | f
[ v-104 | 1 I T & = l l
- } ] 1 i
| | I ! |
| P-101 1 | . Watering vacuum pump | }
| E } -+ ]
| | | I |
| P-102 | 1 | A% Hd o]4 pump | |
i t § } i
| | | | l
| P-103 | 1 | UF6 5 & o4 pump { !
— t t ] i
l l | I |
| TIS, TE | 4 | Temperature Instrument | j
t I E 1 i
| | l | l
| 118 | 4 | Level Instrument ! |
- — i 1
| l | | |
| PG | & | Pressure gage | |
| ] } 1 i
| | | | I
| AIS | 1 f pH Instrument I !
L ! ) 1 1
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SPEC. MO. REV.
CENTRIFUGAL PUMP A
(Mo = SERL_LiIP )
PREPD CHK'D APPD Joate SHEET {  OF {
CLIENT JOB N, ) *
SITE . UNIT
TEM NO. P IPZ [ 10D NO. REQD MAIM & prge 4}
| service 4% " ‘ i Sl Uty fMTERMITIENT
i e SIZE & TYPE  HOQIZONTAL . CEMTRIENGAL
1 OPERATING CGNDITION PERFORMANCE )
2 framA / BATED | PAOPOS, CURVE ND, MAX, WOAK. PRESS. kg/em’G
3_LIQuID o (AalrCCx Btf] INPSHAEQD M. LC HYQRO. TEST PRESS kg/om'G
4_PUMP, TEMP, c MR B0 ec  |EFFICIENCY DES X DESIGN TEWF C
_ & SPOGRBPT L7 NO. OF STAGE <L E |SPECIF, SPEED
8 _V.PAESS @ P.T. KG/CM A 2. OUD MIN. CONT, FLOW M2 MIN SUCT. 5. SPEED
¥_VISC & 8. T, c.P . 0 AUN OUT FLOW M MIN - ) .
B COAA. EROS. DUE TO Ep | SHUT-OFF HEAD ™ SHOF TEST | WIT INWIT | NR
8 _CAPACITY wmiHR 1. ] MIN, HEAD M PERFORMT | YES
1) DIFF, HEAD [ : . [eHr @ DSN, FLOW KW NPSH -
11_DISCH_PRESS.  KG/CM'G 7 7B |MAX Gre. OSN. P KW HYDRO TEST| YES
12 SUCT. PHESS KGICM G /0 RUN OUT POWER KW VIBBATION | JES
13 DIFF. PRESS KG/ICM? 7 DAIVER POWER KW =
14 MAX, SUCT. PRESS XG/CM’G DRIVERA RPM i
15 NPSHAVAIL, M Apront . A AOTATION FR COUPL | WITHESS, NONWITNESS. NON-REQD
18 CONSTRUCTION MATERIAL
17_PUMP_TYPE | GMGLE SUCTION CASE FEFLON - | THAOAT BUSH
118 cASE MOUNT Zecr IMPELLEA TERLEN CASE GASKET
g $PLIT TYPE LOADIAYL SHAFT SUIC Dy pe  (BLEEVE GASKET
CASE TYPE VOLU TE SLEEVE (PACKY|  E0A/K. PACKING
.21 IMPELLER TYPE : SLEEVE (PACK) PACKING
22 SHAFT SUPPORT TYPE OVER HUNG CASE W, RING ‘
23 COAROSION ALLOWANCE 3 mm - 1MP, W RING §
24 NOZZLES SIZE | RATING | FACING [POSITION
26 sucTion Ariefio] BE. | oD cnm.me WA Teﬁ“_vsrsu
26 DISCHARGE pe sl RE | TOP BEARING HOUSING PRESS. ' KG/ACMIG QTY M|
27 VENT <ES STUFFING BOX PRESS.  KG/CMIG, OTY MmN
78 DRAIN ~ES PEDESTAL PAESS.  KG/CM'G, QTY - Mg
20 GAGE GLAND PRESS. - KG/CM G, QTY A
3N CWIN : FLUSHING COOLER PRESS. KG/CM'G, Q'TY MIMIN
3 ouT TOTAL i aTY MmN
32. FLUSHING COOLING WATER CONDITION -
I3 IMP. DIAM.  MIN, MAX. DSM. MOTOR DRIVER BY vENDLR ENGINE DRIVER BY
34 CASING THICKNESS ITEM NO. MTD,B8Y vennoR [ITEM NO. MTD, BY
35 BEARING RAADIALITHAUSY HP APM.  FRAME HP" APM. FRAME
3 LUBRICATION TYPE py) 3 o . {MFR.
37 COUPLING TYPE/GUARD Al _ TVPE. <3 _rAGE , 'MD._ INSL. B TTVPE, :
38 PACKING MFA.  SIZE.- NO. —m ENCL. [ ovcieo —FRoet 5P, FEUL CONS _ KQ/BHPMMA
3@ MECH, SEAL. APl CODE NA ~ {VPHASEMZ (4 {) 7 1 LO ISPEED (NCA_REDUCER
40 MFR, SIZE, MODEL BEARING ANTi- W'W TYPE -
At AP| PLAN FLUSH/AUX. SEAL FULL LOAD AMP, - £.  |RATIO
42 CODOLER FOR MECH. SEAL ‘ SPACE HEATER. None_ MFR.
43 HBASE PLATE ) TURBINE DRIVER BY¥ ]
a4 ITEM NO. MTD, BY L HP. APM. FAM
4% LUBRICANT | BAG / ) MFR. & TYPE =
as seec. 0Ty | cour / s |INLET STEAM PRESS. & TEMP. =
47 WEIGHT KG|_Pume BASEPLATE EXHAUST __ STEAM RATE KG/BHP/MA
“_( ) | DRIVER TOTAL BEARING . *LJBRICATION
W SECTIONAL _ DWG. NO. NozZZIES| SIZE | RATING FaCING | POSITION
50 OUTLINE OWG. NO. INLET -
51 EXHAUST

AEMARKS: AP STD 6101971 GOVERANS UNLESS OTHERAWISE STATED[HP' CONTINUOUS HE
PR 1) Powtl SUZMM o otee gF {72 onp eciop - 250 v /{ph
o F/4- AND ABOVE : Sfov/3ph
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DATA SHEET

FOR

VACUUM PUMP DAT E

PAGE | OF

10,

PRQJECT
CLIENT
ITEM NO,
NO., OF REQ'D
SERVICE _
OPERATING CONDITION
1} GAS HANDLED
2) FLow RaTe )
3) . SUCTICN PRESSURE
4) DISCH. PRESSURE
5) TEMPERATURE
6) DUTY
CONSTRUCTION
1} TYPE
2) CASE MOUNT
3) SPLIT TYPE
4) COUPLING
5}  SHAFT SEALING
6) BEARING TYPE -
7} LUERICATION
B} BED PLATE
MATERIAL
1} ~CASE
2) ROTOR
3) SHAFT
MOTOR
1) TYPE
2} ENCLOSURE
3) INSULATION
4) VOLT/PHASE/HZ
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Fig. 4-1. Schematic flow diagram of fluorine recovery process. 958

Fig. 4-2. Schematic diagram of experimental apparatus. 259

Fig. 4-3. SEM photographs of NaF powder produced according to 262

NaOH feeding rate.

Fig. 4-4. Effect of HNO3 addition on cencentration oi - iiueiiue 264

in CaF2 solution.

Fig. 4-5, Photograph of MeOH-burning system, 269

<

- 257 —



Adstgleont PA 755 o

EL

24
=

¥

L-..
-

4
4 o4

o
+

o
&
u

24 o

9

qe

PWR & U02 Az

5|

FE

g ol ggstet 200 F

%

q

o
LI

o g

W e g ol A8 3
e ¥

L

.
—

—_—

1ol < W3] 3 2Helo} 3t
3|

-

2

et
o

p-. 3
=

WG AMe] % A3 HAM LA

off JuHoz Ausel 9dv ¥

L

A7 AL PR

1

—_—

a

of g3t
AUC E A B A A

LR e

o |

A
| -

HAxel 2435 Y3l 34 Holok o

ALy ofehe ARt o A BT Al £WHYLY o

T
-

M gz 2
& 34,

Adol BYHo ojn] F&FHA F&FA 3t
of 4

A Eo|v] B BYALL
AR shx U ofrlg B

H3ol HAA d VTl

t}.
S
.
-t

N

Uo2 ™Az 2HE olA AL vgel I HElolAT ¢

Ao of &3h

rio

%A 9 =

— 254 -



A42 8 AAZ $UAzA AHE YA ot IHFY
Sebg, B4, gEeh, DA Eo sHygol £alsHo Atk
ol g2 % zAoEA fetE ¢ 1 gU/1, NHF : 170 g/l
(NH4)2C03 : 140 g-Ac/l & Ho] atb. ol 2of thal 3 25 of of
sbe £UE SebEa $2UY o BUEL ARE AN VY o

B3 dol wxE d¥ol =7 WEolut.

E ¢FE 2w HEE TE AT 458 ST ol

A
2 4] sla 94U B
d4d 248 9% =7 A 7Y 4 drh. THEE Ao
2T 5L HARRE 97 UsiHE & A 2o DEYe
of STk, ol A7A 7ul ofeiibeteld UL Ao $E LoE
H4%4 AL Y24 23 line (Ca(ON)2) & 48332 Yct.

ol H2 CaF2 & H2EHAPEA FAE7 713 ¥Rz €3 dr.

- 255 —_ -



S AbgE e Ca(Ol)2 YRS AEIAH1 m FEZ Ul niA
shul o) AYE ojdFe YW FLFEIL 92 gF/1 M 2R
CaF? % 344 B A% Car2 o slurry WE Z7HE U3 A7
d8 2EA A% obxs AE 271 Acish A B ET dense T
collid Ate] 7] wfjol ofzp2A4& o3 ofef e, o &
Az s} £ RBU of A& AT oA Fo] 4 48 U A
2l 8kx] of 3 NH4F 8o Aelz Tofst goam P2 AL GE Z
o] 5+ A sf@2) Asea-AtoM o F& T =77t 100~200 Fm X
W] 2% coarse ¥ CaC03 ¥ o/ &% IHF YEIAM F£F 0%
A% CaF2 T 3 4% thg HE BA H4E Ca(OM)Z B Mesty 4
L% PL3AT AT 2EAM o Fofx: Utk Teiih Caco3
o] Bulk density 7} 1.2 g/cc BEeo|7] W&o T3 E H&71E A8

g4 27879 #F L AAE 9T 2P € 2HE L7 &

b

e AH A Y g
Frolyg o 48
i Aste WAY E

®E 140 g & FH4el $542 11 7 HES Az, A4

(¥
o}l

of A
. 170 g EPAPCQ-

237 $isto] 4R SEAz I

Al
ok,

2
r
9]
ol
o
oL
51
i
114
o
u.?.
n:lr

Alote YA Junsei, SHinyo A MEY 1 3 A& Agstel AT
Ag Azstgom @Az goidol sl 002 o A7 ol stainless
steel B o] 7oAl o 98 °C 7ta] 7pgdste} A F &Fe 3 4850



Loozols A Ay HE 2aE AAFE 45 46l 2 P A
dol £Egleu 1 4 NeF T 3axn] 2E Ba
3

A gstol CaF2 ® B 2%uh. A

9T FHAYE 2 41 F Bk AVE PRARF ol SeEg
$40t7 ¢ HAL 1 A NeOH T NaF g Azoe] NaF 2 o333

v ox fdRe] BE F4ALE Ca(0H)Z F xMestof CaF2 § Az e
.

AYgxe 27 42 8 Yo
N AR AL G A NaF § CeF2 Az ¢xrfel sazt
A5ty Weo] WS Hood ol d 4WHUT. 4¥WHe ¥A AR
aoloz Mz Ao Ao hot plate & magnetic stirrer & 4 &3}
of 98 °C 74z shedotol AW 27 YHiAF B2 FEIL
87 g-F/1 oA o 11.5 g-F/1 & ZvbstA Hed ol WALE L
coz AAE A% YT Wy YLHY) WEe paof oY
Na o) Bult: Zels] B 71222 vtof 1.1 u] H7}sto] NaF 2 A
% stgom NeOH B H7b%a] wQdwaoz daf 434 o 2
Ustol WSg FHA A, NaF Azol o Wgo PR o
Sy ojodpo] BARSE BAE A H4se H3 WAz oy
Mz 4203 82457 $l60 lime & 2% ¥7t 8t
jweas W S5 8 2AA5Y el Aol £F WrhH k.

gen
BA By Tgel T 4 EAY 3 434 Y 22 e AU

- 257 —.



— , U : 1000 ppm
! F
L

ARE PEAG | F: 90 g/l
]
I
|

‘ 1
SRR B | » €0Z, NH3
|
I

1

—

| wo4a A H |
1 I J
l
I {
| & A
{ 1
T
|
r : }
| o e
1 i
II
i - LetE 34
|
|
} —
| i e
|
| U {3 ppm
| F: 92 g/l
|
|
A 84 FH
I
- i , U : <0.1 ppm
| NaF 3 # | F: 15 g/l
| T i
|
! ]
| CaF2 * # |
| 1!
T
| .
1 U : 0.1 ppm
w | F: 1 ppm

8 4-1. Schematic Flow Diagram of Fluorine Recovery Process.
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{low supersaturation)

Fig. 4-3. SEM Photographs of NaF Powder Produced

According to NaOH Feeding Rate.
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Fig. 4-4. Effect of HNO Addition on Concentration of

3

Fluorine in CaF2 Solution.
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Table 4-2. Design creteria for waste MeOH burning

i 1 i
| Ttem I ]
i | i
| Spontaneous ignition temp. f 878 °F }
l | l
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l | |
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| I I
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| I I
L | i

. AuEA Y AYey

Dy 4A 72

E A2 b MOe doE % 44 JA2A eHAtt.

- daa 4AA A2 34 257} 470 °C o] 4L $x] A
kA4 DaE 44T 2 9] ol 500 °C 4ol 43
©3 9AH .

- $30 stability 7 $AlHoiob® A4 A2v ek YT
Flame velocity o| 82 flue gas 453 $4 X #] o} sFE T 9t
3ve] BHmE zHfok Trp. o F &5l combustion o3
Are] 2HIT ARTH AL 34 22 Sxof YT flue
gas o volune & F%e 274 4 of

o] t}.

~ 267 -



2) 4%
»owrg ool Ae® A¥RAY gAE Y gH vese 23

4-5 of Rojz 3 gk, F daHale A 3 2o F bl

(1) #5729 : 9E2AL air § pressurized A7 Y Y&
e Azivl HE FH oo W wEEe dLEFE FIL
olul oAl YU 5~6ke F 4GS T olstd Y4
AL &L B3 o v dY9 drop size 7t w23 =24 A

. RE 29 #IE: REYL VAN daxFY sYH 4br

B A&7ty FEE AFHGL £¥E 20 1 o 3 5US-304

A 2 & ol

(2) xR 2 AL Az Ve dEvH ¥ B
s g atvlels] AR BAWe AxHIT Lk Fo capacity

oW wwe 7|£o% 3 Kg/hr otk AAXFE Hago b AE

T 9agel 97 4" pipe & A440t=EH flue gas o

F
R
it
2
rp
a
ele
'...-J
[}
fan}
o
[+]
a

(3) 9425 9 5 ¢ M2 sl g

ov] o drze 23 Y vy &g Sl dAE FEA

a3 2ol 5ES shgrh. o] Aoz ¢EE flue
gas 7b b2 Wy WEEo] wMEHERE YY) e a7

Mz 500 °C 7} SA B EH daFe WHL£Fe Aoistar



€ MeOR-burning system.

{

Phot ogroaphs

[y
-

Fig.

- 268 —



(4) 7] ¢ 600 °C A £ Hot flue gas 7h wZE 7 dol 4 a7
of o#) "ol MAECE WMEHEE stgom WELEL 50 °C
Moz gANGT dapsldd B4 2EHEE 10°C 2
471 4 Zet.

. 4y Y A

AaF W oHTEe WHIHAN EHE A HTLE =

7ot 25 g WE ZALALE E

ok
ol

29

oA
rhi
rd

FolME ¥4 L
3 owege TYEE A MYEE Agohgon EUn - methanol
70 % 2 otol Attt oizizs WwE dzxdyel FAHAEH

¢

aome 2 ge ojex e 160 ¥ WE HEFHEF vpehygon 150

vaoe 7o H4A 712 ¢ flame velocity B YdolA47] Wl =%
of Apebx A M T 150 % olstd Ae A4 el WoixdA Hrh Az
Tge uAye) o HT BAU gas-tec & AShel AL HEE H

L.

Qotglvk. 9 4Y FH 5% danse 2ot

- Ege] Aag T GLE 4A AY AL
e x{2] &% : 3 Kg.MeOH/hr

o A4 H&E : 95%

- 270 -



-

4
i)

nq

3} 4+ 2] 86%

=]
e

— NaF

: 95%

- 2711 -



A3E 4t

- 272 -



L=

by A=de meHe HelE AT ¥y 29 2 Wi
G 2= delE T e e A % AA
. W% 23Y FFH I= AY

el e WY Y A

2. 002 ¥ Az 3% AL

k. U03 9 Uo2 o M1 FE e
oA 98 &3

~ Modified two phase model of %*-&

~ AUC 27 2.3 feeder ¥ o %2 w.ey] distributor A=

e Feoder : vibration -—— pinch viave

e Distributor : cone —— cylinder type

3. ANE 2H AL

7}. UFE cylinder tail Flas 213 P &ID k3 g

- 2713 -



$ehE 2 47HED 8
b AR oARF o
- NaF 3 ¥ &

110 g-F/l ————

- CcaF2 & &4

150 g-F/l ———

15 g-F/1 (86% 3| )

1 ppm (100% 2| 5)

v g A Fle A

- d4E 44 9 AY

Pals @ 9%

e

tez= o2 +% 4 AR R 34 Ads

s} 1 g st

- 214

ol A&EHL

O

bt

¢



% 2

of AL YA AYy FAIT

Aatapejel AFH A0l h

o] AFHYHEL Aoz UwE¢ wHede

At setslEHed Adgag SWdFA YA

o
H

o

LTS T




	핵연료 변환 및 재변환 공정개선 연구
	표지
	제1장 서 론
	제2장 본 론
	제1절 우라늄 정제 공정 연구
	1. 서 론
	2. 분산상 체류량 자동 측정
	3. 폐액 발생량 억제
	4. 결 론
	참고문헌

	제2절 <TEX>$UO_2$</TEX>분말 품질 개선 연구
	1. 서 론
	2. 연속식 배소 환원 공정 개발 연구
	3. AUC 및 <TEX>$UO_2$</TEX>분말 특성 연구
	5. 결 론
	참고문헌

	제3절 재변환 공정 개선 연구
	1. 서 론
	2. <TEX>$Al$</TEX>-도핑 AUC 특성 연구
	3. <TEX>$UF_6$</TEX> Tail 처리
	4. 불소 회수 공정 개발
	6. 결 론


	제3장 결론 및 건의 사항
	표목차
	Table1.1 Dimension of the experimental column
	Table1.2 Operating variables and experimental conditions
	Table1.3 Total holdup measured by DPT, interface change and sampling method
	Table1.4 Composition of AUC filtrate from conversion process

	그림목차
	Fig.1.1 Schematic diagram of holdup measuring systme in pulsed column
	Fig.1.2 Relationship between slip velocity and holdup
	Fig.1.3 Characteristic velocity related to D32
	Fig.1.4 Effect of pulsed velocity on charactersitic velocity
	Fig.1.5 Effect of pulsed velocity on holdup
	Fig.1.6 Effect of dispersed phase velocity on characteristic velocity
	Fig.1.7 Effect of dispersed phase velocity on holdup
	Fig.1.8 Correlation of uranim dissolution and purification process
	Fig.1.9 Block diagram of uranium dissolution and purfication process
	Fig.1.10 Flow diagram of AUC conversion and ADU precipitation precess
	Fig.1.11 Schematic diagram of waste treatment system in purification process
	Fig.1.12 Effect of the addition amount of lime on the uranium concentration and pH
	Fig.1.13 Particle size distribution of solid waste


