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Mineral resources in Seawater

Cost-effectiveness of minerals in seawater
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Driscoll et al. MIT Report (1982)

Commercialization of uranium collection from
seawater:
How do we develop a cost-effective methods?

Uranium Resource in Seawater

. 4 .5 billion tons
Uranium i seawater
ﬁ> @© 0.0033g (1 000times of

(3-3M9)  mine uranium)

1960s

Uranium collection with
Hydrous titanium oxide
adsorbent

Atomic Energy Research
Establishment near
Harwell, United Kingdom

Resources with Japan current
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Radiation-induced Graft Polymerization

Imparting desired functional group into trunk polymer

Contact with ,l) Propagated graft chain
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Polyethylene Uranium adsorbent

High mechanical strength
- Industrial applications of graft polymerization ........c.oco... ;

Eleclio NH, gas adsorbent
@g&nﬁhﬁ%ﬁ for semiconductor
membrane factory :

Button shaped buttery Air purification filter
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Characteristic of Amidoxime Adsorbent

~ .NOH HN. s,
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Amidoxime group  tri-carbonate N H 2 0 N
in seawater of pH 8.3 Coordination bond

Selectivity of amidoxime adsorbent

Concentration Concentration Distribution
Elements in seawater?® in adsorbent® coefficient
[ gLl [ 1 g/g-ad] (b/1000a)
Na 1.08 x 107 618.5 0.057
K 3.80 x 10° 45.9 0.12
Al 2 86.94 4.35x 103
Pb 0.03 108.82 3.62x 108
Ti 1 1.49 1.49x 10%
Fe 2 414.44 2.07 x 10°
Co 0.05 23.57 4.71x10°
Ni 17 78.17 4.60 x 10%
U 3.2 63.72 1.99 x 10*

Adsorption conditions:0.2g adsorbent 25°C . 3L/min seawater, and 7 days.




Mass Production of Adsorbent Fabric

Polyethylene
nonwoven fabric
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After grafting of 5h
(Degree of grafting: 120%)

10%
Hydroxylamine

90% Monomer solution
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: Acrylonitrile (60° Cand 1h)
Before grafting + _58:2)
Mg Adsorbent Fabric
6,000 m2 (700kg)
1.5m x 4,000m
Lacn ]
Adsorbent Fabric Stacks & Cages
A —

1.5m x 200m

Adsorbent Adsorbent stack

fabric (800g adsorbent) Cage (Adsorbent bed)

Stack holder

16 cm

Space net

Alternate stack of adsorbent fabric S = TR
and spacer net (120 stacks) 144 stacks (115 kg) o 432 stacks in three

in an adsorbent bed ¥ adsorbent beds
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Marine Experiment Offshore of Sekinehama
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20m Drawing up of adsorption bed
g packed with adsorbent stacks
‘ at northern sea in Japan
Adsorption bed (350 kg in three adsorbent beds)
Up and down
motion by wave
motion

Extracted Uranium

rAds_EPFDn_staasl- Fractional Elution of Purification ... Uranium

— = Uranium by dilute acid  Solvent extraction (yellow cake)

Seawater Number Adsorbed

: . Submersion
Submersion period temperature  of uranium

days [ Cl stacks [g]

1999 29 Sep.-20 Oct. 21 19-21 144 66
2000 8 Jun.-28 Jun. 20 12-13 144 47
28 Jun.-8 Aug. 40 13-22 144 66

8 Aug.-7 Sep. 29 20-24 144 101

7 Sep.-28 Sep 21 24-22 144 76

28 Sep-19 Oct. 21 20-18 144 77

2001 15 Jun.-17 Jul. 32 13-18 216 95
18 Jul-20 Aug. 32 18-20 216 119

16 Jun-20 Aug. 65 13-20 72 48

20 Aug.-21Sep. 31 20-19 216 118

18 Jul.-21 Sep 63 18-19 144 150 Purified yellow cake

15 Jun.- 21 Sep. 96 13-19 72 120 made of uranium
1083 from seawater

The factors which affect the wuranium adsorption were the
temperature of seawater and the average height of significant wave.




R&D of Braid Adsorbent for Cost Reduction

Braid Adsorbent Mooring System of
S a N Braid Adsorbent
D ST .
-~ § Standing on the Seabed
& Sea surface 5‘%.(
= Over 40m¢ Braid Adsorbent
Float —>' Seabed
Iron Chain

Advantage of Standing Mooring of Braid Adsorbent

Braid Type, so
Light & economy
Shellfishes don't stick on
Standing on the Seabed, so
Ships aren't disturbed
No damage by Typhoons
Seaweeds don't grow on
Built-in Float, so

No dragging in strong current
Attached to Chain, so

Easy to withdraw one after another
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Shellfishes don't Stick on Braid Adsorbent

Many shellfishes
stick on a rope.
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Withdrawal System
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Signay _§ m
Braid Adsorbent
Buoy
Reel 50m
Transponder=y

jron Chain 39kg/m




Marine Experiment of Braid Absorbent in Okinawa
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Recovry operation of adsorbent
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Specifications for Cost Estimation of
U Collection from Seawater

- Scale of U collection : 1200 t /y [as metal U ]

(1milion kW 6 Atomic power generator, 1/6 Japan Demands)

- Braid Adsorbents: 60 days’ soaking and 6 times/y

Cost estimation on achieved data
- Performance : 2 g-U/kg-ad
total : 6 x 102t adsorbents
* Durability : 6 times
Varying conditions
- Performance 2, 4, 6 g-U/kg-ad
* Durability 6,12,18,30,60 times

ad 28




Estimated Cost for 1200 ton Uranium in a Year
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Repetition usage of adsorbent
[times]

Uranium cost [10 thousand yen/kg-U]
Y

* Weekly spot price $41/Ib-U,O, at
June, 2010is 12,000 yen/kg-U.

Chains 32 lines + Promising collection cost is 25,000
67.8 km yen/kg-U. This price is twice of spot
price.
2% 29

Improvement of Adsorption Performance

2g-Ukg-ad ) 6g-Ulkg-ad
Purification Adsorbent

6 times repetition Collection 5% production

10

U cost [10%en/kg-U]

O 2 4 6 8

Performance [g-U’kg-ad] Cost reduction in production
equipment and collection system
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Improvement of Durability in Repetition Usage
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Number of usage [times]

Cost reduction of Production equipment
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