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Table 1 Chemical composition of brines of salars in South America Yo
Na* K* Mg** Ca* Cl™ S0;~ Lit B Mg/Li
7. 60 1.85 0.96 0.031 16. 04 1.65 0. 150 0. 064 6. 40 1.226
8.75 0.72 0. 65 0. 046 15. 69 0.85 0.035 0.02 18.6 1.211
9.79 0.617 0. 085 0.053 15. 80 0. 853 0. 062 0.035 1.37° 1.205
9.46 0. 656 0. 303 0. 059 16. 06 1.015 0.033 0. 040 9.29 1. 220
9.33 0.42 0. 145 0.033 14. 86 1.57 0.051 0.112 2.84 1.215
6.20 0.53 0.03 0.02 10. 06 0.71 0.023 0. 008 1.43 -
10. 81 2.64 0. 001 0. 007 12. 16 5.24 0.097 0.286 0.01 1.297
8. 000 0. 650 1. 000 0.016 14. 000 2. 000 0. 004 0. 006 250 1.218
3.0 0. 60 3.33 0.30 16.0 0.05 0. 002 2000 -
5.679%  HCO; .
2 46-7
Table 2 The basic data for salars in South America
/ / / / /
km’ m /( mg/L) Mt mm mm
3200 2 300 1 500 6.3 3833 20 ~50 SQM”
565 4 300 620 0.8 2 300 20 ~25 FMC
10 582 3 650 350 10.2 1300 ~1 700 100 ~200
256 3 700 330 1.118 3 000
Olaroz 508 800 0. 156 <100
725 -410 - 1 700 50
3 885 1 281 - ~1 800 330
230 0.3 1 800 230
247 970 1.53 2 200 180

% SQM

Chemetall
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1) . 3 “
( Cauchari) NaCl ” “ ABC” (3
. Li.K.B )
Li 3)
K 1. 80% Mg/Li .
0.6% K ; 1.37; Mg/Li
2) 18.6,
Mineral Commodity Summaries 2010
: 2.550 x 10" t ( 25 CNa® K* Mg " /Cl™~ SO; -
) H,0 3.
9.00x10°t  7.50 x10° t .
35.3% 29.4%
3

Table 3  Chemical types of salar brines and Janecke index on the phase diagram

Na® K* Mgz' /Cl™ SOi_—HZO Janecke
K, Mg S0%-
29.736 8 49. 646 1 20.617 1
21.093 3 61.265 6 17.641 1
41.649 3 18.460 1 39.890 7
27.330 9 40. 020 2 32.648 9
18.20 18.74 63.06"
45.102°5 9.035 1 45.862 4
6.313 1 66.011 7 27.675 1
9.657 4 57.902 8 32.439 8
J 11.039 5 78.405 2 10.555 3
m 18.428 3 53.014 8 28.556 9
11.895 8 58.880 6 29.223 7

x — 3 - . d 0.00
' 0.00 025 0.50 075 1.00 ok-

1 - BRI EEMA;2 - SR je3hiE;3 - M A RAEIR W
4 - B RIS - FIFEEGEE M6 - LR FEW,7 - &
PR ER T 58 — AR H L9 — — BIPIEM
2 Na* K* Mg~ /Cl”
S0;~-H,0 25 °C
Fig.2 lLocation of Salar brines on the metastable phase
diagram Na* K* Mg~ /Cl~ SO.™ 4,0 system at 25 °C
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i 3) Minsal
. SQM .
o SQM 10
2.1 . o ’
100 o
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. 31%
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12 km ( 4) .
", 2006 30 400 t Li,CO,; 2007 .



47
“Sociedad Chilena de Litio Ltda. ( GmbH Chemetall Foote
SCL) ” Silver Peak
o Li,CO, Li,CO, *7" o
o 23 000 t Chemetall GmbH
Li,CO; Chemetall GmbH o 54
. 15 ).
Li,CO, o Chemetall
P ER R
I
G | [+ {war
Fyis
v |shduma
rava ] |“ainn HT !
! v e I e T
| mmar | [ wawTs
v A j {:l:l A v
[ ] o | [wiw | [ | [am | [_wms |
4
Fig.4 Flow sheet of comprehensive utilization of Atacama brine
4 Chemetall GmbH 16
Table 4 Lithium products of Chemetall for Li-batteries
Chemetall
2) 1-212-14 17 75 .
Puna
4300 m 1 370 km., ( Lithium One Inc.)
565 km’ 0.22 ~ B 2009
1.08 g/L 20 ~ 25 mmo. Conigas
o TSX-V: Li.
FMC 1997 3 Li, CO, “Ii”
12 000 t/a . 1998 1 ( 95
Salta  Guemes LiCl “
5500 t/a . 2003 ”( Sal de Vida) o
7 250 t/a. 8 500 t/a 1 400 km 4025 m o
2, Salta 6 h o
. FMC

111 km.,
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Table 5 Global Li resources of brines on the data of Lithium One Corp.
( Li ) (w/( x107%))
SQM 6.0x10° 1.570
Chemetall 5.0 x10° 1.570
FMC 8.0x10° 650
600 ~ 1 000( )
Sentient 1.0x10° ~1.8 x 10° 340
5.5x10° ~8.9 x10° 450
565 km’ 320 km’, 706 mg/L( 590 x 10~°)
1997 FMC 6 900 mg/L(0.58%) Mg/Li
Minera del Altiplano 2.1, Roskill 2009
Fenix. 2008 FMC Fenix 600 ~
Fenix 10 000 t 7 600 t 650 x10™° Li Mg/Li 1.5 o
14% . FMC Patrick Highsmith
75 o o
2009 10
. 2010 50 ~ 100 m. 1
o 2010 “ "o
. 2010 6 22
“ 35 m
7 o 0~30m 30 ~60 m
N 60 m 6 o
6
Table 6  Analysis results of samples of drilling
Pui+ /(mg/L)  pg. /(mg/L) Mg/Li
SV10 -03 0~30 m 647 6172 1.20 2.00
SV10 -03 30 ~60 m 850 8 109 1.21 2.01
SV10 - 04 0~30 m 633 6 045 1.16 2.04
SV10 - 04 30 ~60 m 692 7 605 1.21 2.37
2010 ( Cauchari-Olaroz)
( scoping ( Uyuni) o
study) - 30 C 15 C
o 6 o
( Korea Resources Corpo—
ration) o o o
55 1) Uyuni 02
( Potost)

- 3 650 m. 180 km
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2
80 km 10 582 km’ o 3 o
40 000
Minchin Uyu-
ni  Coipasas 11 Uyuni 1.00 x 10" t
25 000 to

0B, PiLE
ML 5 500 km?
Li < 500 mg/L P ——
B < 300mg/L fo
K <12 000mg/L | é;gfﬂ\t:lﬁ
; | 5
k | Li 1000~2500mg /1.
1, i 1]: momms“_ ‘
T 3 200 km? \ 22000 mg / |.
Li 500~1000 mg/L N __
B 300~-800 mg/L
K 12000~20 000 mg/L e
41K, B9 =
| B 220 km?

Li 300~2500 mg/ 1.
B 400~2000 mg/L.

| 3, WQ
B 250 km?
| Li 2500~4 800 mg/1.

B 2000~3600mg/L
| K 22000-25000mg/L

K 600022000 mg /L

A Al 5 o
o 5 A 3 7 o
3 0
7 NN
Table 7 Distribution of elements Li B K of Salar de Uyuni brine
/ /L
‘ (mg/L) e
Li B K
0 <500 <300 <12 000 5 500
1 500 ~ 1 000 300 ~ 800 12 000 ~20 000 3 200
2 1 000 ~2 500 800 ~2 000 2 000 ~22 000 900
3 1 500 ~4 800 2000 ~3 600 22000 ~25 000 250
4 300 ~2 500 400 ~2 000 60 000 ~22 000 220
2008 5 0 COMIBOL
( COMIBOL—Corporacion Minera de 51% o

Bolivia) °
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Americas Corp.)  Orocobre o

( Latin American Minerals
Inc. TSX - V)
Grupo Minero Los Boros S. A. (

Jul ¢ Lin 1L
° > > -

3 Puna
1122.41 km’ 7 Cauchari
o 66%
2008 Fig.7 Photo of solar pond of pilot plant for Salar de
599, 7 3 Cauchari
Cauchari
Olaroz 300 km’ 20 1~3m
. Cauchari  Olaroz 0.08%( 8).
8 Cauchari  Olaroz ( /%)

Table 8 Composation of Cauchari and Olaroz brines with others

T Vg TE SO-  K/Mg SO,/Mg SO,/K SO,/Li Mg/Li

1.85 0. 96 0. 150 1. 65 1.93 1.72 0. 89 11. 00 6.40
Cauchari( Li0. 03% ) 0.63 0.27 0. 08 1.83 2.4 6.8 2.9 22.9 3.3
Olaroz( Li0. 03% ) 0. 80 0.24 0.075 0.93 3.3 3.9 1.2 12.5 3.2
0. 62 0.09 0. 062 0.85 7.26 10. 04 1.38 13.76 1.37
0.62 0.28 0.033 1.01 2.20 3.57 1.63 30.73 8.61
0.72 0. 65 0. 035 0.85 1.11 1.31 1.19 24.40 18.57
0.

( ) 0.53 0.03 0.023 71 16. 08 21.52 1.34 30. 87 1.43
Cauchari Olaroz H,0 8 o Olaroz
- 2 000 m N
Olaroz
Olaroz 30 C

o 2009 10

o PE -4 89 ~186 m

51 kg(42 L) °
> e 8 Olaroz 30 C
( 9) Fig.8 Evaporation path of Olaroz brine at 30 °C

25 CNa® K* Mg’*/Cl™ SO; -
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Table 9 Comparison of brine contents with others in production
37
K- Li
Phoenix Cau-Olaroz Cau-Olaroz
K/% 0.60  0.650  1.85 0.53 0.62 0.62 0. 50 0.1~2
Li/107° 20 40 1 500 230 330 620 800 300 ~2 200
B/10°° 30 60 64 80 270 360 989 100 ~5 000
Mg/Li 1. 665 250 6 1.43 8. 61 1.37 3.70 0.5~8
( Orocobre Limited) Olaroz 3
o Orocobre Limited o Olaroz
200 m
2007 600 m o
( ASX) ORE.
Olaroz Olaroz
1.18 km’ 2009 4 15 000 t 36 000 t
Olaroz :
1.50 x10° t 4.40 x10° t o o
2009 5 Olaroz
15 000 t/a 800 mg/L
36 000 t/a. 2 Mg/Li
Olaroz 2.8 N
550 km N 6.4.8.6
o 18.6 Mg/Li
Olaroz 40 km 1.4, Olaroz
170 km 400 km
Olaroz o
N N o o 15 000 t
Geos Mining 55 m 36 000 t 8 000
1.50 x 10° t 4.10 x 10° t . 1 .
Olaroz
(0 ~15m) 8% ~ o
12%;
40 ~50 m o
3% ~5% - Olaroz 3900 m
40 ~ 50 m 6% ~ 8% 8 C 100 mm
Olaroz 25 km/h o
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( 9, . 2007
o 0.05 km’
( 100 wm) .
2008 97% 12t
99%

99.75%  KCI o

Li,CO, 10 000 t.LiCl 3 000 t.LiOH 4 000 t
. - 40 000 t. Mg* . Ca®*

Fig.9 Evaporation tank on the field of Olaroz salar Mg Ca’* Na, S0,

2010 Orocobre
( Toyota Tsusho Corp. )

Olaroz o 45
60% -
Orocobre Richard Seville : “
Orocobre
Orocobre N
Orocobre S
o Orocobre
3) Rincon »77 Rincon
Salta
3700 m 250 km’.
3 000 mmo, Li* 0.33% Mg/Li
8.4, Li 7.40 x 10° t( Li,CO,)

K 5.100 x 10" t( KCI) o
Admiralty Resources NL

Rincon Lithium o

2007

o .

Mg’ * + Ca( OH) , —Mg( OH) , | +Ca’"
Ca’* +Na,S0, —CaS0, | +2Na*.

15 000 t LiCl 84 000 t
Na,S0, . 250 km Salar
del Rio Grand 1.850 x 10’ t  Na,S0,
Admiralty Resources 2008
2008 2.7 x10’
Rincon Sentient
Group.
Li3 Energy Inc.
Rincon o Rincon
202. 50 km’
o Li”

0.033 18% K*0.63% Mg’*0.27% Mg/Li
8. 1, Centenario
Li* 0.15% K*
1.0% -

10,
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Table 10 List of brine Li resources and companies
SQM Salar de Atacama
Chemetall Salar de Atacama

FMC Lithium
Talison Minerals

Salar de Hombre Muerte
Greenbushes

Lithium Americas Corporation

Orocobre

The Sentient Group
Marifil Mines Ltd.
Li3 Energy Inc. Corp.
Comibol

New World Resources

Salares Lithium Inc.

Salar de Cauchari Olaroz Incahuasi and
others

Salar de Olaroz Salar de Salinas Gran—
des Cauchari Guyatayoc and others
Salar de Rincon

Salar de Antofalla and Salar de Ratones
Salar de Rincon

Salar de Uyuni

Salar de Pastos Grandes

Salar de Piedra Parada Grande Agui-
lar Agua Amarga La Isla Las Parinas
and Maricunga
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10:

Pan American Lithium

Lomiko

Simbol Mining
American Lithium
Amerpro Resources

Rodinia Minerals
Electric Metals

America Lithium

CITIC

Sterling Group Ventures

North Arrow Minerals Inc.
Nemaska Exploration

Sirios Resources

Petro Horizon Energy Corp.
Channel resources

Western Lithium Corporation

China Lithium Products Technology
Co. Lid.

Keliber Resources

Pacific Wildcat Resources Corp.

Rio Tinto

Ultra Lithium
Lithium One

International Lithium

. - Basinal
First Lithium Resources

Mesa Uranium Basinal

Laguna Verde Laguna Brava Rio Sala—
do y Rio Pedenales and others

Salar de Aguas Calientes Clayton Valley
brines and effluent

Montezuma Valley

Smokey Valley in Esmeralda County

Clayton Valley Salinas Grandes

Big Smokey Valley Salar Arizaro Salar
Rio Grande

Paymaster Canyon Leduc Formation

West Taijinair Salt Lake ( Xitai)
Zhabuye Salt Lake
Dangxiongcuo ( DXC)

East Taijinair Salt Lake( Dongtai)

Big Bird pegmatite

Lac des Montagnes
Pontax Project

Brzail Lake Property

Fox Creek Lithium Project
Kings Valley Project
Maerkang Mines

Jinchuan Mine

Several Mines in Sichuan
Ningdu Jiangxi

Lijiagou Lithium Mine

Lénttd Spodumene Pegmatite

Muiane Project

Jadar Lithium Project

Berland river Zigzag lake South Smoke
Valley

Cyr Property Sal de vida in Salar de
Hombre Muerte

Forgan and Niemi Lake Fish lake Val-

ley Mariana

Valley View ( Alberta) and Godslith
( Manitoba)

Green Energy Lithium Project

TVEL

Lichem

carbonate hydroxide

carbonate hydroxide
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SQM. Chemetall ~ FMC 30% +28%
3 19% 1. 2 4 .
22%
3.
. SQM
. 1 .
37% . .

11
Table 11  Specifications of battery grade Li, CO,

SQM
SQM YS/T582 - 2006
0 01 02
Li, CO, >99% =99.2%  =99.5%  =99.5% = =99.9% = =99.9%  =99.5%
cl <0.02%  <0.01%  <0.005%  <0.005%  <O0.002%
Na <0.1% <0.06%  <0.025%  <0.025%  <0.002%  <0.002%  <0.02%
K <0.05%  <0.005% <0.001%  <0.004%  <0.001%  <0.002%  <0.01%
Ca <0.04%  <0.01%  <0.005%  <O0.01%
Mg <0.01%  <0.01%  <0.01%  <0.004%  <0.001% <0.0025% <0.01%
S0, <0.05%  <0.03%  <0.08%  <0.05%  <0.003% <0.08%
B <0.001% <0. 000 3%
Fe, 0, <0.003% Fe<0.001% Fe<0.002% <0.001%
Ni <0.001%  <0.003% <0.0002% <0.002%  <O0.002%
Cu <0.001%  <0.001%1 <0.00025 <0.0005% <0.001%
Pb <0.001%  <0.001% <0.000 5% <0.005%  <O0.005%
Al <0.001%  <0.005% <0.0002% <0.001%  <0.001%
Cr <0.001%
Zn <0.001%  <0.001% <0.001%
Mn <0.001% <0.000 5% <0.001%  <0.001%
Si <0.005%
H,0 <0.2% <0.2% <0.40%  <0.30%
<0.7% <0.5% <0.45%
<0.02%  <0.01% <0.005%

“ i 30 km
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Comprehensive Utilization of Salt Lakes in South

America in the New Century

SONG Peng-sheng'
Chinese Academy of Sciences Xining 810008 China)

salt lakes have important scientific economic values and en—

(1. Qinghai Institute of Salt Lakes

LI Wu'

SUN Bai'

vironmental effect. Salt lakes are store houses of mineral salts. Especially their contents lithium potas—

sium boron etc.

are precious resources for the development of economics and society of China with

strategic interest. The new characteristics of exploitation of salt lakes in the 21 century are that many

2

countries including developing and developed ones take part in the activities of exploiting “salars” in

South America. It can be expected that new situations about development of salt lake resources will be

formed in the near future.

Key words: Utilization of salt lake resources; Exploitation of lithium salt; Exploitation of potassium salt



