Relationship between
main products and by-products.

Bad stories....



Harmful by-products

Arsenic (As) gég<—by-product of copper (Cu) or
Mercury (Hg) zinc (Zn) or lead (Pb)
Cadmium (Cd)

Uranium (U)®<—by-product of rare earth
Thorium (Th) metals (REMS)
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When producing metals from natural ore,
harmful/toxic materials are also generated.

Majority of the harmful/toxic materials are
treated at mining/smelting site.

Most of the people do not realize the real
situation of waste treatment.
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Transaction of rare earth ore production
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G.B. Haxel, J.B. Hedrick, and G.J. Orrs, USGS Fact Sheet, 087-02, (2002). _ _
Courtesy of Prof. Osamu Takeda / Tohoku University



Supply of REE
= Worlds’ 97 % supply is dominated by China.

Reserve Production
India
1% Other China
Australia 30kt 120 kt
6% (3%) (97%)

_ ™
Mirnveral resekxe
1S

|
abundant ! )

Fig. REE reserves in 2005. Fig. World share in supply of REE in 2006.
(http://homepage3.nifty.com/bs3/Magnet/) (USGS Mineral Commodity Summaries (2007))
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Harmful by-products

Arsenic (As) gig—by-product of copper (Cu) or
Mercury (Hg) zinc (Zn) or lead (Pb)
Cadmium (Cd)

Uranium (U)®<—by-product of rare earth
Thorium (Th) metals (REMS)
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Comparison of costs for producing metal and alloys of
rare earth metals

Japan UsS Australia
Feed cost X high X high | O very low] O low
Energy cost X high Olow ? low O low

Environmental cost X very high X high © very low] X high

Employment cost X high X high X low X high




http://www.rootforce.org/2013/05/01/clean-and-green-rare-earth-

elements-and-technology/

When googling
“Baotou Tailing Dam”
various images can be
obtained

http://blogs.unimelb.edu.au/sciencecommunication/2013/09/08/whats-all
this-commotion-about-rare-earth-elements/
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http://www.businessinsider.com.auw
earth-mining-2013-4#fchina-acco
the-worlds-supply-of-rare-earths-



Rare-earth mining in China comes at
a heavy cost for local villages
Pollution is poisoning the farms and villages of the

\ugust2012 13.59 BST
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Pipes coming from a rare earth smelting plant spew polluted water into a
vast tailings dam near Xinguang Village, located on the outskirts of the
city of Baotou in China's Inner Mongolia Autonomous Region
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om/article/2011/07/06/us-china-rareearth-
10706

.v.
-

s
- -


http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=0kzNHiRW2hHgFM&tbnid=nG2_1Gd8TKgJbM:&ved=0CAUQjRw&url=http://www.reuters.com/article/2011/07/06/us-china-rareearth-idUSTRE7651RZ20110706&ei=s3_1U4itCYXt8AWcpYLoDw&bvm=bv.73231344,d.dGc&psig=AFQjCNFk-tAjzNnf8sLwkQysE8XO4BW-GA&ust=1408684313933043
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=0kzNHiRW2hHgFM&tbnid=nG2_1Gd8TKgJbM:&ved=0CAUQjRw&url=http://www.reuters.com/article/2011/07/06/us-china-rareearth-idUSTRE7651RZ20110706&ei=s3_1U4itCYXt8AWcpYLoDw&bvm=bv.73231344,d.dGc&psig=AFQjCNFk-tAjzNnf8sLwkQysE8XO4BW-GA&ust=1408684313933043
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=0kzNHiRW2hHgFM&tbnid=nG2_1Gd8TKgJbM:&ved=0CAUQjRw&url=http://www.reuters.com/article/2011/07/06/us-china-rareearth-idUSTRE7651RZ20110706&ei=s3_1U4itCYXt8AWcpYLoDw&bvm=bv.73231344,d.dGc&psig=AFQjCNFk-tAjzNnf8sLwkQysE8XO4BW-GA&ust=1408684313933043

Mineral Resource for Nd and Dy

Ratio of production amount of Minerals for REE in China (oxide base)

Production of REE - - o
in 2006 (oxides) Minerals for light REE lon clay
120,000t 0 10 203040 50 60 70 8090 100
mass%
Bastnaesite Pr S lon adsorption ore (ion clay)
i Other
2| oo L s

| | | | | | | ] ] | | | | | | ] J REE
0 10 20 30 40 50 60 70 80 90 14)0 0 10 20 30 40 50 1&0 8‘0
mass% Other mass%

O
CePrSm
REE @

heavy
© Rich in heavy REE

(La, Ce, Pr, Nd) (Tb, Dy, Ho, Er, Tm, Yb)
X Contain U and Th O No U and Th

O Abundant all over the world X Scarce and limited
X Distributed only in China

O Rich in light REE

(The Rare Metal News: Arum Ltd.)
(USGS Mineral Commodity Summaries (2007))
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(g% THE UNIVERSITY OF TOKYO

Current status of

rare earth production in China and
recycling in Japan

Institute of Industrial Science,
The University of Tokyo
Toru H. Okabe

'Current status of rare earth production in China and recycling in Japan’,
Toru H. Okabe:

REE4EU Project
REE4EU Exploitation Workshop

Presentation in the exploitation workshop with external industry and EU-
policy participation, Wednesday 24th April, (45 min)

“; Institute of Industrial Science joyeuse Entrée 1, 4thfloor, 1040 Brussels, Belgium] (2019. 4. 24).
[Invited presentation]
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When googling
‘rare earth environments
pollution™ various imag
can be obtained



Mining site of ion-absorption ore at
Southern China
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Mining methods of rare earth

I Ammonium sulfate solution is
directly injected to the weathered ore body

Mining of rock type ore (Northern China) Mining of ion-absorption clay (Southern China)

Rare earth
compounds



http://www.google.co.jp/url?url=http://www.radioactivewastealert.org/rad-articles&rct=j&frm=1&q=&esrc=s&sa=U&ved=0ahUKEwi89bGu3MvQAhUJnJQKHTqzAFg4PBDBbggcMAM&usg=AFQjCNG-br_fh7eGdsS_EjrxQxX_gG1qhQ

N (NH,),S0O, solution

Injection pipe

Ore body of ion-adsorption clay

containing

drain solution recovery )
plution

~
by using water channel or pipes _

Collecting pool

Practical image of ore treatment

|
e — Collection
Impurity

~ removal
Separation

pond
Concentraion

— ond
' S‘ REpcake (RE concentrates) = Product for sale
EERfRHE:
MHAXZEXERIZEREWNRFE S£U 3 Hig

Courtesy: Prof. A. Shibayama



y /\\
/f’/////////////W/”/
W% ///////{ / 44
mh)| , 4 ‘L

.
>

“Cou rtesy:

Bl o8 S T 3 A RSO R




Courtesy: Prof. A. Shibayama
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Environmental cost is NOT paid
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Bottleneck of rare earth:
In Augut, 2013,

Visited to Ganzhou city at
Southern Jiangxi province,
famous for lon Cray

LP77—REEDRMLAYY TG
20134F8H ., (A Y P
P ERIER.

I EDGanzhouklV,
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Separation / purification of rare earth

Oil il

Metal production by molten salt electrolysis

—> 54

/Y Molten salt RV ERY A

|
Molten RE metal or alloy RE metal/alloy ingot

RIEXZFXFR IZFMRBERIOL7T+7IFER TH € 8L {EM

SE) BB G [H T EOMEELE ], CMCHAR(2006); BIIWthif : [ & T BO M B/ \VRKT w5, NTS (2008); JOGMEC NEWS, Vol. 27 (2011)
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Table 2
Overview of rare earth elements (REE) market (2013) (Unit: REO t)©). Supply
source of REE is expanded, but supply source of Dy is still limited in China.

La Ce Pr Nd Sm Eu Gd Th Dy

China 28492 40622 6352 19374 2762 389 1946 250 1247

(north &
south)

Australia 255 467 53 185 23 4 8 1 1
Lynas

USA 1328 1964 174 480 32 4 7 1 1
Molycorp

Russia 521 1081 101 265 20 3 4 - -
Lovozerskiy

Industrial Rare Metals, Annual Review 2014, Arumu Publ. Co.



Courtesy of Dr. Eiji Nakamura (Santoku Co. Ltd.)
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Rqre Earth Elements ?

2
H Rare earth elements (REE) He
1.008 4.003
3 4 5 6 7 8 9 10
Li | Be B|C|N|O| F|Ne
6.941 | 9.012 10.81 | 12.01 | 14.01 | 16.00 | 19.00 | 20.18
11 12 13 14 15 16 17 18
Na | Mg Al | Si| P | S |Cl| Ar
22.99 | 24.31 26.98 | 28.09 | 30.97 | 32.07 | 35.45 | 39.95
19 20 22 2 24 25 26 27 28 29 30 31 32 33 34 35 36
K | Ca Ti Cri{Mn|Fe |Co| Ni [Cu|Zn |Ga|Ge| As | Se | Br | Kr
39.10 | 40.08 47.87 | 50.9 52.00 | 54.94 | 55.85 | 58.93 | 58.69 | 63.54 | 65.39 | 69.72 | 72.61 | 74.92 [ 78.96 | 79.90 | 83.80
37 38 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb | Sr Zr |NbffMo| Tc |Ru|Rh|Pd|Ag|Cd|In |Sn |Sb | Te| I | Xe
85.47 | 87.62 91.22 | 92.91§| 95.94 (99) 101.1 | 102.9 | 106.4 | 1079 | 1124 | 1148 | 118.7 | 121.8 | 127.6 | 126.9 | 131.3
55 56 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Cs | Ba Hf | Taf W |Re|Os| Ir | Pt |Au|Hg| Tl |Pb| Bi | Po| At | Rn
1329 | 137.3 178.5 | 180.9 § 183.8 | 186.2 | 190.2 | 192.2 | 195.1 | 197.0 [ 200.6 | 204.4 | 207.2 | 209.0 (210) (210) (222)

65 66 67 68 69

La Ce Pr Nd Pm Sm Eu Gd|Tb Dy Ho Er Tm Yb

138.9 1401 1409 1442 (145) | 150.4 152.0 157.3 [158.9 1625 1649 167.3 168.9 173.0
29 Ao | o3 4. 94 | 9 96 9 ea 1 99 1 100 I 101 | 102 4

(243) | @471 | a1

Abundant Scarce and limited 102
all over the world Now, produced only in Chin




Resource for Nd and Dy

Rare earth deposits
Bastnaesite

La Ce

A
] |
O 10 20 30 40 50 60 70 80 90/10
mass% Other

Pr Sm heavy
REE

Nd: 1~2 mass% U : 8.7 X 104 mass%
Dy: trace Th: 0.14 mass%

ORich in light REE

(La, Ce, Pr, Nd)
X Contain U and Th
OAbundant all over the world

lon adsorption ore (ion clay)

Other
heavy
REE

0O 10 20 30 40 50 0 90 10

Nd: 70~200 ppm U : -
Dy: 40~120 ppm  Th:—

ORich in heavy REE

(Tb, Dy, Ho, Er, Tm, Yb)
OLess radio active element
X Scarce and limited
X Distributed only in China
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The largest Bayan Obo Mine (China)

Rare earth ore produced from this mine contains
naturally occurring radioactive materials(NORM)
such as thorium (Th) and uranium (U)

X1 (a) HE-REVIILEBRONAVYUARIKR. PEORNZEH BARIZA
B /A VA RIRDBERFIES /A VA RILRIE. EICHERELT
WBIEERTHY. L7 7—RIFRIEMELTEESN TS, COFLKIE. La, Ce,
NIGEDBERLICECHRTH D, L7 7 —REEERVERLELLICHRA
BAT.RELCOLERNMEROL 77 —REEEZESILTLNS . (BEEXRER
MRt RT Hf LIERE AW R S mFE - IR, 200558 A &=



Bayan Obo Mining District
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Inithe Inner Mongolia
Autonomous Reglon there ale
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Near Baotou city,
Inner Mongolia Autonomous Region
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Baotou city,

Inner Mongolia




On the way to
the world’s biggest
rare earth mine,
we drove In avery “remote area”
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Outer city of Baotou city,
Inner Mongolia Autonomous Region







Heading to north from Baotou city,
Inner Mongolia Autonomous Region
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Vary low gooulzrtlons...
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