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Table 1. Conditions of lanthanoid nitrates used in this study.

Table 2. Conditions of alkali metal and alkali earth metal chlorides

Metal ion Metal source Purity /% | Manufacture and acetates used in this study.
. Metal Metal source Purity Manufacturer
1 0,
La La(NO3);*6H,0 | >99.0 Kanto on /%
Li LiCl > 99,0 Wak
Ce Ce(NO3);+6H:0 | >98.0 Wako ! ! axo
Li CH;COOLi | > 98.0 Wak
Pr Pr(NOs);-nH,0 | >99.9 Wako ! : ! axo
1 > 99, lai
Nd Nd(NOs);*6H,0 | > 99.5 Wako Na Nac 995 Nacalat
Sm Sm(NO»)s-6H0 > 995 Wako Na CH;COONa > 98.5 Nacalai
3)3 2 = .
K KCl > 995 Nacalai
Eu Eu(NO3);*6H:0 | > 99.95 |  Kanto —
K CH:COOK | > 97.0 Nacalai
Gd | GANO3):+6H0 | > 995 | Wako : e
M MgCl > 98.0 Nacalai
Tb Tb(NOs)s-6H,0 | > 99.95 |  Kanto g hee acaal
Mg (CH;COO);Mg | 2 99.0 Nacalai
Dy Dy(NO3)3*5H,O > 9995 Kanto
C CaCl > 999 Nacalai
Ho | Ho(NOs:-nH0 | > 995 |  Wako : o aeaal
Er Er(NO3)snH:0 > 995 Wako Ca (CH3COO),Ca | 2> 99.0 Nacalai
N )
Tm Tm(NO3);*6H,O | > 99.9 Strem Sr Srcl, = 990 Nacalai
Chemicals Sr (CH3CO0),Sr | > 99.0 Nacalai
Yb Yb(NO3);*nH,O > 999 Wako Ba BaCl, > 999 Nacalai
Lu Lu(NOs)s*nH,O | > 99.5 Wako Ba | (CHCOO)Ba | > 99.0 Nacalai
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Table 3. The standard electrode potentials chemical
equations between O3 and rare earth elements.

Chemical reaction (1): 305+ 3H,O +2REEs 2 30, +60H +
2REES*

E'/V

la| Ce | Pr | Nd | Pm | Sm | Eu | Gd | Tb

846 | 840 | 842 | 836 | 830 | 832 | 7770 | 830 | 832

Dy | Ho | Br [ Tm | Yb | Lu | Y
830 | 838 | 834 | 834 | 816 | 832 | 846

Chemical reaction (2): Os + HO + 2REEs? 2 O, + 20H +
2REEs*

E'/V

La | Ce Pr | Nd | Pm | Sm | Eu

Gd | Tb
() | 06 | 664 | 64 | 64 | 434 | 192 | O | &

Dy | Ho | Br [Tm | Yb | Lu | Y
64| qody | qMy | s | 3% | - | -

Chemical reaction (3): Os + HO+ 2REEs* 2 0, + 20H +
2REEs*
E/vV

la| Ce | Pr | Nd | Pm | Sm | Eu | Gd | Tb
- | 216 | (559 | (790 | B5) | (916 | A1 | ¢4 | )
Dy| Ho | Br | Tm | Yb | Iu | Y
&0 | dlo | -10% | -10% | 129% | -156 | -
Chemical reaction (4): 305+ 6H" +2REEs 2 30, +3HO +
2REEs*
E/V
la| Ce | Pr | Nd | Pm | Sm | Eu | Gd | Tb
10| 109 | 109 | 109 | 108 | 108 | 102 | 108 | 108
Dy| Ho | Br | Tm | Yb | Iu | Y
108 | 109 | 108 | 108 | 10.7 | 108 | 110
Chemical reaction (5): O3 +2H" +2REEs*" 2 O, + H:O + 2REEs**
E/V
La| Ce | Pr | Nd | Pm | Sm | Eu | Gd | Tb
87| 847 | TAT | 727 | 727 | 517 | 275 | 987 | 947
Dy

Ho Er | Tm | Yb Lu Y
707 | 787 | 827 | 667 | 417 - -
Chemical reaction (6): O; +2H" +2REEs* 2 O, + H;0 + 2REEs*
E/V

La| Ce | Pr | Nd | Pm | Sm | Bu | Gd | Tb
- B | 43| B | B | B | B B3| 43
Dy| Ho | Br | Tm | Yb | Iu | Y

793 | 1033 | 1013 | 1013 | 1213 | 1493
The values in parentheses were estimated. The symbol of *

means that the values were obtained in tetrahydrofuran. Rare
earth elements are abbreviated as REEs.
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Fig. 4. Effect of O, on rare earth elements in aqueous solutions. REEs = 10 mg. Temp. = 298

K. Ozone partial pressure
speed = 150 rpm.
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Fig. 5. Adsorption behavior of rare earth elements on Cas(PO,), in aqueous solutions.
REEs = 10 mg. Caz(PO,), = 100 mg (upper) and 500 mg (lower). Temp. = 298 K.
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Li(l), Na(l), K(I), Mg(ll), Ca(ll), Sr(ll), and Ba(ll) ions. REEs = 10 ppm. Caz(PO,), = 100 mg. Temp.
= 298 K. Chloride salts were used as metal sources.
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Summary
In recent years, it has become clear that the pelitic sediments around Minamitorishima contain highly
concentrated rare-earth elements (REEs). The pelitic sediments are called rare-earth rich mud and it may be a very
attractive marine mineral resource for Japan, which is one of countries with few natural resources. However, we

still have the following questions which should be solved.

Question (1): The distribution of rare-earth rich mud on the deep seabed is not clear.

Question (2): The technologies collecting and lifting the rare-earth rich mud from the deep seabed at a depth of 4,000
to 6,000 m have not been developed.

Question (3): It is difficult to predict the range of adverse environmental impacts caused by marine resource

development.

We have challenged the development of basic technology to elute immediately REEs from the rare-earth rich
mud after collecting and lifting the rare-earth rich mud from the deep seabed. This technology is based on the high-
speed ion exchange reaction of REEs on the rare-earth rich mud using ozone and suitable cations and it contributes
actively to solutions in Question (3). Therefore, the adsorption-desorption behavior of REEs on tricalcium
phosphate which is a main constituent of mud has been examined in order to clear the elution promoting effect
achieved by the combination of ozone and cation in this study.

The effect of ozone on tricalcium phosphate was examined in an aqueous solution.  As a result, it was found
that tricalcium phosphate can exist stably in a solid state. In addition, as a result of examining the influence of
adding ozone into an aqueous solution containing REEs, it was found that ozone converts rare earth metals and
divalent REEs into trivalent REEs. Moreover, the cation exchange reactions between REEs on the mud and
alkaline earth metal ions in an aqueous solution were confirmed. This phenomenon indicates that the acetic acid
complex of REEs can exist very stably in an aqueous solution, further improving the elution of REEs from tricalcium

phosphate.



Based on the above results, the separation of REEs from simulated rare earth rich mud was carried out using
the combinational method of ozone and calcium chloride. Predictably, the improvement in elution rate of REEs

was clearly confirmed.



