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Preparation of Source Particles for Fabricating Pellets
through Sol-gel Microsphere Pelletization
- Preparation of 50 um Class Microspheres of

ThO, and (Th, U)0, -
Shigeru YAMAGISHI and Yoshihisa TAKAHASHI

Department of Chemistry and Fuel Research
Tokal Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received May 13, 1993)

Size control conditions of source particles for fabricating pellets
by sol-gel microsphere pelletization and drying conditions for obtaining
soft source particles were studied. By using a gelatlon apparatus
based on a vibration nozzle jetting sol drops horizontally, the drop
formation conditions of nozzle diameters, sol feed rates, and vibration
frequencies were studied for sol drop sizes of 170 v 700 um, corresponding
to 50 v 200 um of sintered particles. The drying condition was examined
for obtaining such fine source particles without sticking during removal
of alcohol substituted for water in the gel particles. Examples of

the particles prepared under the established conditions were shown for

various U/(Th+U) ratios of 0 v 30 molZ.

Keywords: Sol-gel Process, Microsphere, Thorium Oxide, Uranium Oxide,

Mixture, Gelation, Sol-gel Microsphere Pelletization,

Pellet
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Tabie 1 Drop formation condition

JANEE UL EREE Rl VIRHA VIEERE T4 J(S’i?ﬁﬁ

{mm) (ml/min) (kHz) {m/sec) {pm
0.08 0.97 4,0 3.2 1598 0.03
" " 5.0 183 0.02
" ” £.0 " 173 g.02
’ ” 7.0 164 0.02
" 8.0 157 0.02
0.08 0.80 4,0 2.0 185 0.03
" " 8.0 147 8.02
0.10 1.23 2.0 X*
" 2.5 247 0.04
" 4. @ ' 214 0.02
" " 5.0 " 189 0.02
” 6.0 187 0.02
n 17 8- U ”» X
0.13 2.05 1.5 352 0.06
" " 2.0 320 0.06
" 5.0 ’ 235 0.02
¢. 16 3.12 1.0 X
" " 1.5 ’ 405 0.14
" " 2.0 368 0.16
" " 2.4 346 0.06
" ’ 3.0 " 321 0.02
" 4,0 " 292 0.02
" " 5.0 " X
. 20 4.80 1.0 " X
" " 1.5 " 470 0.14
” " 2.0 " 427 0.02
" ’ 3.0 373 0.06
" " 4.0 " X
0.10 1.13 2.0 2.3 240 0.10
* " 3.0 " 229 0.02
” " 5.0 193 0.02
0.13 1.79 1.5 ’ 336 0.04
" " 4,0 242 0,04
" " 5.0 X
0.16 2. 80 1.0 447 0. 28
" 7 1.5 ’ 380 0.14
" " 2.0 355 0.02
" " 3.0 310 0.02
" " 4.0 X
i " 5.0 X
0. 20 4.39 1.0 X
i " 1.2 488 0.16
" " 1.5 ’ 453 0.16
" " 2.0 412 0.04
" " 2.4 388 .06
" 3.0 X
*RSETRE
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Table 2 Drop formation condition and resulting diameters
of sol drops and of dried and sintered microspheres

Sol conc. @ 0.999 mol (Th+W) /1 [U/(Th+U) ratio: 15 mol %)
Sol jetting velocity ! 2.6 m/s

No. y L - 1 sl
HE EBE VL B BERE 1%
-ﬂggf Dl D2 Dﬁa* DBb D2/D1 DSn/D2 DBb/D2
mm  ml/min  kHz cal. obs. cal. obs.

G627 0.08 0.80 5.31 169 85 50 49  0.50 0.589  0.58
Gezg 0.10 1,23 2.88 236 117 70 68 0.5  0.60  0.58
Ge2g 0.13 2.05 2.34 303 153 90 86  0.50 0.59  0.56
G630 0.16 3.12 1.99 371 184 110 109 56  0.860  0.59
G631 0.20 4.90 1.86 438 232 130 132 0.3  0.56  0.57

* BEREEREREL LFHEE

Table 3 Diameters of dried and sintered microspheres
resulting from various sols with U content of 0 tc 30 mol %

Nozzle dia. © 0.13 mm
Sol feed rate : 2.05 ml/min
Vibration frequency : 2.42 kHz

No I EZE (um) [=KEYsd

U/M*Y MRE Jou Bk HEE
Dl D2 DSA*Z D2/D1 DS&/DE

moi% mol/l cal. obs. cal.
G622 0 1. 017 300 158 89.8 0.53 0. 57
GoZ4 5 0.992 " 153 89.0 Q.51 0.58
Go2o 10 0. 995 " 151 89.0 0. 50 0.59
Ge2s 20 0. 997 155 88.8 0.52 0.57
G623 30 1. 005 156 8.9 0.52 0.57
Ty 0.52 0.58

*1 M:[Th+U]

*: HREREAYREL LFEE
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Table 4 Sol drop formation using hand-made nozzles of polyethylene tube

No b ) AN RE) BEEZ(un
U/M*? Mg HEEE Bk oA LVER Vv BEEEtR
moi% mol/1  ml/min mm kHz A
G460 0 1.009 1.11 0. 08 7.52 0. 36 108 50
G461 " " " " 3.72 0.58 212 (63)*?
(G462 " " 5. 50 0.33 0. 466 0.06 722 (216)*2
G463 6.0 1.019 1.11 0.08 7.52 0. 40 167 50
G489 20.7 1.058 " 7.52 0. 27 167 "
(7490 0.49 1.027 " " 7.66 0. 48 166 '
G491 6.3 1.031 " " 7. 66 0. 38 166 '
G492 19.7 1.043 " " 7.68 0. 34 166 ”
G611 0 1.055 1.94 0.13 2. 30 g.10 300 (91)*2
G612 " 1.011  6.45 0.33 0.95 0. 02 600 (179)*2
G613 " 1.010 2.22 0.13 2.62 Q.02 300 (90) *2
¥t M:[Th+U]

*2 ek r HEE T (PVRFIERRERERD
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‘ Fig. 1 Gelation apparatus.

(1) sol tank. (2 pump, (3) flow smoother, (4) valve, (5} nozzle,
(6) air inlet, (7} vibrator, {8 sol collector, (9} gate plate,

10) NH. gas inlet, (D gelation bath, (2 air pump. {3 flow meter,
{4 gel particle vessel, and {5 overflow.
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Fig. 2 A hand-made nozzle of polyethylene.

(1) nozzle (polyethylene). (2) PTFE, (3) stainless steel,
and (4) vibrator.
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Fig. 3 A machined nozzle of stainless steel.
(1) sol inlet, {2) air inlet, (3) exchangable part, {4 O-ring.
and (5} vibrator.
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Drop Dia., Dy (mm)
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\ @® No good i

3kHz-

4kHz |

5kHz
okHz

8kHz]

Freq. -

O Good (I<0.1A) -
© Good (1=0.1A)

Dy=2Dj,
| ! i

] | | [ | | i

]
0.1 0.2
Nozzle Dia., Dn (mm)

Relation between diameters of nozzle and sol drop prepared

with a sol jetting velocity of 2.8 m/s.
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T | I I 1 T T T P | I
2.3 m/s 1kHz 1.5kHz_
[ . 2kHz
0.4" ,/IO SkHZ—
— = ,/,’ 4kHZ 7
E y 5kHz
- - /’ 6kHZ—'
53 % 8kHz
- - Freq. -
@ 2
0 0.2 .
Q_ P
O ;
O ] : g i
- g O Good (I<0.1A) —
O Good (I=0.1A)
g A \ ® No good -
.7 Dg=2D,
.1 | ! l | | | l | [ | |
0 0.1 0.2
Nozzle Dia., D (mm)
Fig. 5 Relation between diameters of nozzle and sol drop prepared with a sol

jetting velocity of 2.8 m/s.
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Dried particies of G627 to G631 listed in Table 2

6

Fig

D) G630 and E) GB3L.

B) G628, C) G629,

A) (827
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500 4 m

Sintered particles resulting from dried particles shown in Fig. 6.
&) (627, BY G628, C) G629, D) G830 and E) G831.
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Fig. 8 Dried particles prepared from 300um sol drops for sol-gel

microsphere pelletization.
A U 0%(6622), B) U 5%(G624), €Y U 10%(G626), D) U 20%(G625) and

E) U 30%(6623).
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500um

Fig. 9 Sintered particles with a diameter of 50um prepared by using

a hand-made nozzle.
A) G463(U 6.0%) and B) G492(U 19.7%)



