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Summary

The concept of the extraction system of uranium from sea water using sea water current and wave
power by the application of sphrical fiber adsorbents is presented in this paper. The adsorbent bed
system consists of thin disk cartridges enclosed in nets and arranged below the sea surface in horizontal
layers by suspending ropes hung from a cylindrical buoy with a hole in the centre. These cartridges
filled with the adsorbents are transferred from the ships hold to the buoy by the ship board crane and
are fixed to the suspended ropes. The ropes are the unwound through the center hole so as to place the
adsorbent beds in the sea water current which enables the current to pass through the adsorbent beds.
The exchange of sea water around the adsorbents is improved by the heaving motion of the buoy due
to waves. After about 40 days, the adsorbent beds are recovered using the same process, the cartridges
are transferred into a tank for the elution process. Throughout the above processes, the adsorbents are
not taken out of the cartridges.

The model tests of a cylindrical buoy with adsorbent beds are carried out in uniform flow as well as
in regular waves. The displacements of the adsorbent beds in the flow and the heave motion of the buoy
with adsorbent beds suspended from it are analysed. ‘

Furthermore, numerical simulation of this system was carried out for practical operation in the ocean
and the production cost of uranium extraction was calculated to be 41,800 yen/kg, where adsorptive
ratio is assumed to be 3.2mg/g. 40days.
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Fig. 15 Tension of ropes hung with adsorbent beds and
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BHOK1.0~1.58L %5, Table LIFRET A Y DR
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Fig. 16 1%, #¥i2 / v b O CHRAE (Hw=2m, Tw=
58,10 BERLE &0 Ty KU ¢ ORME{LERL
RLOT, ZOHEOYMER Fig. 12 R Fig. 130 W
=10 b VOEERV T 3,
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4.1 REREIEER

73R F v ABBEREM O Y T v RENEREE, Fig 17
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Fig. 17 Adsorption rate of uranium from sea water
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Fig.18 Adsorption experiment using sphercal type of
amidoxime fiber adsorbent by adsorbent bed
model under uniform flow and heave motion in
seawater

Table 2 Adsorption experiment by adsorbent bed
model using sphercal type of amidoxime fiber
adsorbent

[measured adsorption of
point uranium(ugf/gf)
A 448
B 496
C 351
D 361
E 425

T25,20 7 ZRDBT2, RO & 5 BHERER 1T - 72,

Fig. 18R T &5, SEOEEKRZ= bR S T
cm T o — 7RV, EERUTEHO 2= v M EiE
THWAEY (BEFE30cm, X 10cm) #7200 % AV,
FROL=y FMIEEOcm, X 3em L, 22w b

E2mmDAY ¥ 2Dy b TEY, RIZERE5~7mm
D7 INFYARBERRKEEM £ THEE 20=0.065
gf/em® TANTz, T OFEFRER %18 60 cm, %X 60 cm
DARBIZu—THRB L, 21°C+2°C O¥EK% 25 cm/sec
THL, FRXLI2EERO L TEAZEEL T, 9—20
LimE A 1.67 8, WiRE Scm TETES &, 7 AREE

LTREERRZ{To 7, BREERE, PROBEKRLI=
FRDOBEMOPREBIZEWT, Figl8kRT Lok a=
v F OSAEE A, B, C, D RUHREE SOBREM ZELY
WU, BRELY 7 > 25HE LT, Table2 13, W&H 1 of
LD RER (ugf) 2RT, ZhICINE, &E
DEBEMIIZZH—BRERZ L TR I atbhd, Zh
SOREBRZBEMD b DOWEEOK 0% BETH 2,

4.2 I UFBAX bOWYHE
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1X20% TH 555, ZHIREBOF 1/10 DEET, L2 b
ik 25 cm/sec LIEF NSV, EETRER2 /v 1,
EE2mOES2EELTWE Y, EEO 7 3EROR
ERVENOHMBRECL>TRERZDT, AHfiTk 7=
10%~60% OFEEBEL TR X OBEEET- 72

BERZ=y OB 4EDT A ¥ F (B LEE 12
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HEEE2,000 P EBRELT, TOBREBYEEL,

7RI A b OBBEICBOTIR, YATAIT1ED
TEEEMR &, Zhat5 b DIk (1 EOREIC 1 RORER
2M57) NsETHERT 2HSENRICE LT,

4.2.1 EHOv 5 U ERE
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r#b, ZZTS=300B&{REL

4.2.2 Y RAT LAOEREGRE

VAT ADEREEE C B, REMOBKRE C, 2=y
N OREER Coy, RO RIEE Co, BEWHE C, AMFE G,
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C i, BEBEMOBRES 1 BOBEIC D X REBPEHM O
8A(%) L L, BEMOEME p (F/ ) LT hERKT
Ezehd,

C1=064/100- Wa+ Ns-p+ Sfla (F)
z .z, p=T770,000 1/ k¥
Cld, BER2= Y + DBED 6. (%) L THIL,
Cz=dA‘7l'Ns'8u/100 (H)
2T, aa: 2=y bOHE{H (500,000 )
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Cs 13, FHEORBMIED 6 (%) & THhiT,
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Cild, BEMODERD 25% DEEMAIPHER E L THE
Ban, EBAOEME ac (/) EThiT,
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Z 2T, ac=5000M/k
Cs i3, ABE ny, B an & TH13,
Cs=nn-au (PEI)
Z 2, nu=20 A, ax=10,000,000F5/%/A
Co 3, MABIEM ar(F3/ b ), BRENEEE S vr (gf/BE/
E5), 8HHP) % Py £ THiI,
Ce=24S vr*Py-arx107® (M)
Z 2, Py=2,000HP, vr=120gf/ /B 1, ar=5000
M/
Cr g, TEEMOBEEE F D 8 (%) L3 hid,
C7=5$/100’F1 (H)
Z iz, s (%)=5%
423 YATLAORBERU VI VHRIR b
VAT LADBE F X, (FEMOBER [, TSR OM
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=ap'Ns DFITHEZ6N%,2 2T F=3x10°H& T2,
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£ 5,
Cuv=(gF+C)/(1,000U) (FH/kgf)
22, UIHEMY 7 8B E (L), ¢ VAT ADE
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Fig. 19 Cost estimation of uranium extraction
(84=10 %/cycle)
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Fig. 20 Cost estimation of uranium extraction
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BT i A EMNT 2729, VI VIRIE U 3Emy
2, Ca Cr, Ce DX Fig.19 R U Fig.20 D (b)) WK ¥
X 3w, BEo o PR THE Ns DAL D Ce B
YU, Ca 3BBEMOREHSERT 2 - 0MENT 2, g
Cr l3—%FT, #910% % 5%, Figl9 R Fig20 iz
T, Cv DE/MEIZIZIE a=40 BfHEIZ %2> T 323, #Kk
HOBERADEYTEC X ZEIREOET 2% 203,
X WBEUTSELSELEZSND, a3 20 BUT I
i, BEMOBRESHAT I, 77V HRE U
DIEFDR®, 75 I A S Cy DBINZELL & 5,

Table3 iz 7=10%, 6.=10% DBED CRUVF DN
R, U Co RV U DEER K a DECHLTRLT
W3,

W/EY S OTBMERIERS 66 N /kgf- v 7 VIRE
Wi olzds, kYIS UEMORENEEZ L LE, Y
AFLDOFRIA ML 7240 % B CHEORE & &
%,

i

5. #&

BHREVCENOERIANF — 2B L 22dRiEAky
S U AT LADBESHRTFTOVTIRY, TOYAT A
DOREEER VIRER OB K CERICT 2082 EAE
BRI X DA, FRMECHEERER L, ThoDmE
DREFEMNIEEZL TS Z & #HERL, EEETOY AT
LADEER R BRI T 5 BRI,

R, YAT AORBRERIC X 2 REERETV, ¥

Table 3 Cost estimation of uranium extraction (7=109%, d.=10 %/cycle)

adsorption day a [ 20 _40 60 80
adsorption of uranium(mgf/gf) gl 0.55 0.8 0.9 1.0
number of buoys Nl 48 36 144 192
tatal adsorbent weight(ton) NeWal 1176 2352 | 3529 | 4705
compensation of adsorbent Cy | 1.357 1.357 1 1.357 | 1.357
) maintenance of adsorbent beds Cr | 0.12 0.24 0.36 0.48
running costimaintenance of buoys C3 | 0.24 0.48 | 0.72 | 0.96
;:rSZZ:§$ elution ] cq | 0.022 | 0.022 | 0.022 | 0.022
(logyen/year ﬁerson?e Cs | 0.2 0.2 0.2 0.2
uel oil Cg | 0.0086 | 0.0086 0.0086f G.0086
maintenance of supply ship €7 ] 0.15 0.15 | 6.15 | 0.15
tatal C 2.0979 | 2.4579) 2.8179§ 3.1779
supply ship F113.0 3.0 3.0 3.0
equipment  |adsorbent beds Fa | 2.4 4.8 7.2 9.6
cost(109yen)|adsorbent F3 | 0.9048 | 1.8 2.71 3.62
buoys Fq | 4.8 9.6 14.4 19.2
tatal F 111.1048 |19.2096(27.3143 [35.4191
“extraction weight of uranium per annum{ton/year) y 9.7 14,1 [15.9 17.6
extraction cost of uranium(103yen/kgf-uranium) Cy [ 216 174 172 180

Wy=24.5ton/buoy
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