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M i n e r a l  r e s o u r c e s  i n  S e aw a t e r

Uranium

・near boundary of cost-effectiveness
・3.3 ppb in seawater Commercialization of uranium collection from 

seawater:
How do we develop a cost-effective methods?
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Cost-effectiveness of minerals in seawater

Potentiallyviable
Economicallyunviable

Industrialized by 
precipitation

Driscoll et al. MIT Report (1982）
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海水中のウランを捕集する官能基

Japan 
current

0.0033g
(3.3mg)
UraniumOne ton

of
seawater

4.5 billion tons 
in seawater 

(1,000times of 
mine uranium)

5.2x106 t/y 8x103 t/y
Resources with Japan current Demand of Japan in a year~0.2％

Uran ium  Resou rce  i n  Seawa te r

· Adsorbent synthesis: High affinity against uranium in seawater 
· Demonstration of uranium collection: Marine experiment 
· Cost estimation and Future planning 

Current state of uranium collection from seawater.

· Research activities in the world 
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U r a n i u m  A d s o r b e n t 

Amidoxime adsorbent

Seawater

Effective contact by tide 
and wave motion

-C=N-OH
NH2

Radiation induced graft polymerization
~1980

No agitation

Density is close to that 
of seawater

Organic polymer

Expecting cost 
reduction

Pumping for preventing 
adsorbent from sinking

Hydrous titanium 
oxide adsorbent

Low mechanical strength

~1960

Costly process
Inorganic material

Seawater

Pumping

Adsorbent
Moving bed system 
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Radiation-induced Graft Polymerization

H H H
CC C C

H H H H

Contact with 
reactive 
monomer

CH2=CH-CNAcrylonitrile

Imparting desired functional group into trunk polymer
Propagated graft chain

Uranium adsorbent

CC C C
H H H H

H H H
Amidoxime

Electro conductive diaphragm membrane

NH3 gas adsorbent for semiconductor 
factory

Industrial applications of graft polymerization

Button shaped buttery Air purification filter

H H HH

CC C C
H H H H
Polyethylene

Electron 

Beam

High mechanical strength

-CN
-C=N-OH
NH2
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Image of Radiation induced Grafting
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Characteristic of Amidoxime Adsorbent
N O H

N H 2

R C

H O N

H 2N

RC + [U O
2(CO 3)3]

4-

Amidoxime group Uranium oxide 
tri-carbonate

in seawater of pH 8.3

U O 2

O N

H 2N

RC

N O

N H 2

R C + 2H

+

+3C O 3

2-

2+

Coordination bond

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

S e l e c t i v i t y  o f  a m i d o x i m e 

a d s o r b e n tElements Concentration 
in adsorbentb

[μg/L] [μg/g-ad]

Distribution 
coefficient
(b/1000a)

Na 1.08×107 618.5 0.057
K 3.80×105 45.9 0.12
Al 2 86.94 4.35×103
Pb 0.03 108.82 3.62×106
Ti 1 1.49 1.49×103
Fe 2 414.44 2.07×105
Co 0.05 23.57 4.71×105
Ni 1.7 78.17 4.60×104
U 3.2 63.72 1.99×104

Concentration 
in seawatera



8

U from Mine
Mining

U in low grade Ore
(~0.2%)

Transportation
Pulverization
Extraction by acid
Extraction by completing agent
Purification
Precipitation

Yellow cake

Slag

U from Seawater
U in Adsorbent for 

60 days
(0.2~0.4%)

Elution
with acid

Soaking
in seawater

Uranium
adsorbent

Transportation

Repetition
usage

Process of Uranium collection with Adsorbent
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Mass Production of Adsorbent Fabric 

Before grafting
100μｍ

γ-ray

N2 atmosphere
Polyethylene 

nonwoven fabric

Acrylonitrile
＋Methacrylic acid

90％ Monomer solution

40℃

(8:2)

5 m/min
2 m

4.6 m

1.5m x 200m

After grafting of 5h
(Degree of grafting: 120%)

10% 
Hydroxylamine
（60°C and 1h)

Adsorbent Fabric
6,000 m2

（700kg)

200kGy

1.5m x 4,000m
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Adsorbent fabric stacks and cages

Alternate stack of adsorbent fabric and spacer net (120 stacks)

Spacer net

Stack holder

16 cm

29 cm

1.5m x 200m

Adsorbent 
fabric Cage (Adsorbent bed) 

16 cm

29 cm 29 cm

Adsorbent stack
(800g adsorbent)

144 stacks (115 kg)
in an adsorbent bed

4 m

432 stacks in three 
adsorbent beds
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Marine equipment for uranium recovery

Mooring state of floating frame Floating
frame

Adsorption
bed Adsorption

stacks

Drawing up of adsorption bed 
packed with adsorbent stacks 

at northern sea in Japan
(350 kg in three adsorbent beds)

50m

220m220m
40 t

Anchor

Rope
50 mm 

in diameter

Sea level
Floating 
frame

Adsorption bed

20mTo anchor

Up and down motion by wave motion

8m

4m

To anchor
To anchor

To anchor
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Lifting of adsorbent stacks in Marine Experiment
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15014418 - 196318 Jul.-21 Sep

1083
1207213 - 199615 Jun.- 21 Sep.

11821620 - 193120 Aug.-21 Sep.
487213 - 206515 Jun.-20 Aug. 
11921618 - 203218 Jul.-20 Aug.
9521613 - 183215 Jun.-17 Jul.2001
7714420 - 182128 Sep.-19 Oct.
7614424 - 22217 Sep.-28 Sep
10114420 - 24298 Aug.-7 Sep.
6614413 - 224028 Jun.-8 Aug.
4714412 - 13208 Jun.-28 Jun.2000
6614419 - 212129 Sep.-20 Oct.1999

Adsorbed uranium
[g]

Number 
of stacks

Seawater temperature
[°C]

Submersion 
daysSubmersion period

Demonstration of uranium collection

Purified yellow cake 
made of uranium 
from seawater

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

Adsorption stacks Fractional Elution of 
Uranium by dilute acid

Purification
Solvent extraction Uranium 

(Yellow cake)
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Stacks in cage 
were hang 

down by float

New collection system for cost reduction
Adsorbent stack system

Cost of cage 
and float 

occupies 80% 
of collection 

cost

Adsorbent stack

Float

Cage

Sea surface

Sea floor

Braid adsorbent system
Adsorbent 
was moored 
from sea 
floor

Buoy

· No cage and float
Cost reduction

· Ships are navigable
· Little effect from 
rough weather
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Production of braid type adsorbent

Imparting 
amidoxime group 

by grafting

Trunk 
polymer fiber

Amidoxime 
adsorbent fiber

Arbitral length 
of braid 

adsorbent can 
be produced.

Processing 
to braid

Braid 
adsorbent

Fit to 
mooring 
system

Adsorbent 
fiber

Float

Braid 
adsorbent
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Marine Experiment for Braid Adsorbent

Offing of Okinawa

Standing in sea
Recovery operation of adsorbent

Preparation in wharf

· 10 ºC enhanced 1.5 times
· Efficient constant with 
seawater: 2 times

Adsorbent
stacks
(20 ºC)

Braid adsorbent
(30 ºC)
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2,120 m

Sea surface

Bottom

Braid 
adsorbents

More 
than 
40m100~200 m

60m

Chain

8m

Chains 32 lines
67.8 km

C h
ain

21
8 r
ow
s

15
.2 
km

Cost estimating for 1200 t uranium in a year

Repetition usage of adsorbent 
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2g-U/kg-ad

4g-U/kg-ad

6g-U/kg-ad

• Weekly spot price $48/lb-U3O8 at October, 2009 is 12,000 yen/kg-U.
• Promising collection cost is 25,000 
yen/kg-U. This price is twice of spot 
price.
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Recent publications of uranium collection 
from seawater（Ｓｅａｒｃｈ ｂｙ Uranium & Seawater）

India, Bhabha Atomic Research Centre(BARC), S. Das et al. "Chemical aspects of 
uranium recovery from seawater by amidoximated electron-beam-grafted 
polypropylene membranes” Desalination 232 （2008）243-253.
S. Das et al. "Adsorptive preconstruction of uranium in Hydrogel from seawater and 
aqueous solutions Ind. Eng. Chem. Res.  48 (2009) 6789-6796.

France(CEN Cadarache) & India 2008  H. Sodaye et al.  "Extraction of 
uranium from the concentrated brine rejected by integrated nuclear desalination 
plants ”Desalination 235 (2009) 9-32.
Japan, Niigata University,  N. Sakamoto et al.  “Biosorption of uranium and rare 
earth elements using biomass of algae”, Bioinorganic Chemistry and application 
(2008) 706240 

Japan, Kibi International University, K. Oshita et al. "Adsorption behavior of 
uranium(VI) and other ionic species on cross-linked chitosan resins modified with 
chelating moieties, Talanta 79 (2009) 1031-1035
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Adsorbent synthesis
Radiation-induced graft polymerization cloud realize uranium 
adsorbent which has enough high mechanical strength for 
mooring and 15 times higher adsorption performance.

Demonstration of uranium collection
One kg of uranium as yellow cake was collected by marine 
experiment using graft adsorbent.

Cost estimation
Expecting collection cost is 25,000 yen/kg-U which is twice of 
weekly spot price $48/lb-U3O8 at October, 2009 spot price.

Future planning
•To confirm the number of repetition usage of adsorbent in  
adsorption and elution of uranium. 

•To consider the simultaneous collection of other minerals. 

Conclusions
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