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ABSTRACT

The recovery o f 1i th ium from geothermal water
a t t he Hatchobaru area i n Kyushu, Japan was inves-
t iga ted . A coprec ip i ta t ion method using aluminium
s a l t s was employed, The l i t h i u m concentrat ion i n
geothermal water used i n the present study was
about 10 ppm. To make our experimental r e s u l t s more
app l i cab le f o r geothermal water, the reference
1i t h i um so lu t ion( ppm) was so studied as
a cont ro l solut ion. A per fec t recovery o f l i t h i u m
was obtained f o r the reference l i t h i u m so lu t ion by
choosing appropriate condit ions. For geothermal
water, the y i e l d o f L i recovery was not so good
comparing w i t h a contro l  so lut ion.  However, an
almost complete recovery o f 1ithium was at ta ined
from geothermal water by the removal o f calcium i o n
and polymeric s i l i c i c acid. The mechanism o f
1 t h i recovery was so discussed.

INTRODUCTION

I n Japan, l i t h i u m resources from mineral are
p r a c t i c a l l y naught. Although the concentrat ion i s
very pprn), there i s a vast sup y o f

probably the most r e l i a b l e energy resources i n the
near future. A t the present stage, however, the
recovery o f 1i th ium from seawater i n a
p r a c t i c a l way i s very d i f f i c u l t . These recent years
poss ib le subst i tu tes f o r petroleum are being inves-
t i g a t e d i n Japan. One o f them i s a geothermal
energy. Geothermal water from the Hatchobaru power

f o r example, i ves the values o f

t he content i s 10 ppm and the f l u i d v e l o c i t y of
geothermal water . Though the
content t o be obtained i s small , i f the l i t h i u m i s
transformed i n t o nuclear fus ion energy, i t w i l l be
equal t o about one hundred m i l l i o n people's
e l e c t r i c 1 The
content i n seawater i s about 0.2 ppm, wh i le the
concentrat ion i n geothermal water from the Hatcho-
baru bore i s about 10 ppm. Thus, the recovery from
the geothermal water seems r e l a t i v e l y easy and 
p rac t i cab le comparing w i t h t h a t from seawater.

l i t h i u m i n t o be Kg),

about , provided tha t

I n the present work, the recovery o f
from geothermal water i s aimed a t , As techniques
t o recover 1i th ium from the L i- conta in ing solut ion,  
there have been the adsorption method using many
k i n d of adsorbents, the solvent ex t rac t i on method,

the  coprec ip i ta t ion  method, the inorganic i on ex-
change method, and so on. The coprec ip i ta t ion
method seemed t o be the simplest among these and
was employed i n the present study. Although the
l i t h i u m recovery from the low concentrat ion solu-
t i o n has been extensively investigated, the 
de ta i l ed mechanism f o r the L i recovery seems not
t o have been c l a r i f i e d yet . Since the many factors
concerning the L i recovery are complicated, the
reported resu l t s are sometimes i n c o n f l i c t among
them. Thus, i n the present work, the basic inves-
t i g a t i o n using the reference L i so lu t ion as a
contro l , was made f i r s t , and then the resu l t s were
appl ied t o geothermal water.

WATER SAMPLING AND PROCEDURE

Geothermal water used i n the present study
was sampled out from the bores a t the Hatchobaru
power s ta t i on i n Kyushu, Japan. The typ ica l
const i tuents o f the discharge water are shown i n
Table 1.

The procedure f o r the measurement o f the
residual l i t h i u m concentrat ion i s shown i n

REFERENCE LI SOLUTION

To examine the basic character o f the L i -
containing solut ion,  the "reference 1i th ium

so lu t ion) which has the same
l i t h i u m concentrat ion as i n geothermal water was
prepared as a contro l  so lut ion.  That i s , the r e f .

so lu t ion was prepared by and d i s t i l l e d
water. Extensive invest igat ions on the recovery
from the L i- conta in ing so lu t ion have been made by
many 1960; Kaplan, 1963;
Goodenough e t , 1967; e t , 1978;
Pel ly , 1978; Frenkel e t , 1980; Takeuchi, 1980). 
But the ef fect iveness o f the ex t rac t ion from
the L i containing so lu t ion i s inf luenced by many
fac to r s such as the L i concentration, many other
k inds o f  s a l t  const i tuent , concentrat ions of pre-
c i p i t a t i n g agents, temperature, s t i r r i n g time,
and so on. Thus, the optimum condi t ions reported
are o f a wide range owing t o the charac te r is t i cs
o f the solut ions.  F i r s t , the resu l t s from the ref .

so lu t ion i s shown i n Fig.2. The f i g u r e shows
the p l o t s o f the residual L i concentrat ion vs.
t ime and the (apparent) vs. t ime a t room tern-
perature. The inf luence of the i n i t i a l (apparent)

i s very large. I n t h i s case, the experiment a t
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Table 1, (and o f geothermal

from, borer a t Ohtake areas ( i n

Ohtake Hatchobrru

Const i tuents well .Nor.
Wo.9 N0.4 0.7

1050 1030 2250 2140
K 132 124 277 266

4.79 4.73 10.9 10.2
29.7 60.2 76.3

0.01 1.21 1.21
2.35 4.05 3.80

1774 3954 3651

145 193 138
191 170

531 433 679 746

12

2.0 2.1 3.2 3.6

a 6.99 7.04

0 5 10 15 20 25 48

F i g . 2 The plots o f residual concent-
ration vs. time and vs. time
for ref . Li solution a t
temperature.

Absorption
measurement

F i g Experimental procedure for
Li recovery.

aluminium hydroxide migh t have occurred. The
X ray diffraction analysis confirmed the evidence
qual i ta t ive ly , ) e t (1978) reported that
amorphous aluminium hydroxide adsorbs much
and crystall ized aluminium hydroxides(
pseudo do not adsorb.

As easi ly expected, although the
recovery lithium for the concentration
100-500 ppm was achieved, the L i y ie ld t o one-
gram aluminium depends on the stirring time.
For example, w i t h i n 24 hours, the concentration
of ppm gives the best resul t , and w i t h i n 48
hours, tha t of 100 pprn gives the best r e su l t ) . The

adjusted. The present study shows tha t the
re la t ive ly higher leads t o the higher recovery
of lithium, This suggest that the use of sodium
aluminate i s better than any other k i n d of
aluminium s a l t ,

the i n i t i a l of 1 2 gives the maximum effect

tha t a f t e r 24 hours, the higher the i s , the

used in the present study. As the example shows,
the control i s a very important factor i n the
recovering the lithium. Although alkaline earth
metal ions are absent in t h i s case, the optimum

obtained was quite di f ferent from 6-8)
obtained by The effect of the

concentration on the Li recovery was also
studied, For the Li recovery, a general tendency
was found t h a t the higher the concentration i s ,
the better  the percent recovery of lithium,
However, when extremely h i g h concentrations were

1000 pprn), the extent o f the recovery
decreased. The reason i s not c lear , b u t i t m i g h t
be interpreted a s follows: I n the present work,
from the practical point of view, the aluminium
concentrations i n the Li-containing solutions were
adjusted by d i rec t addition o f aluminium sa l t s
powder o f an amount previously calculated, then
s t i r r ed w i t h magnetic s t i r r e r , So, i n case of too
h i g h AI concentrations, the conditions of

might from those of lower 
concentrations. And the par t ia l crystal l ization

MECHANISM OF LI RECOVERY

On the Li recovery by the coprecipitation
method, two explanations are possible: One i s the
recovery by adsorption, and the other by precipi-
tat ion, by the formation of water insoluble

t h i u m aluminate complex. However, no satisfacto-
ry explanations have been given yet . So, i n the
present study, both mechanisms were'examined, I t
was found tha t the L i recovery from Li-containing
solution could not be by the adsorption
only, And the following mechanism will be
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duced: F i r s t , s to ich iomet r i ca l l y excess amount
o f aluminium s a l t causes the of and

t o form the aluminate
complex, O.[ Ex. a res idua l concent-
r a t i o n o f p w i l l e x i s t , a f t e r adding

as Then, t he residual
w i l l be adsorbed by the aluminium hydroxide which
i s formed by ex t ra amount o f aluminfum sa l t . The
existence o f l i t h i u m aluminate complex was con-
f i rmed by measuring the X r a y d i f f r a c t i o n patterns,
Th is two-step mechanism w i l l exp la in  the  major
p a r t o f the recovery by the cop rec ip i t a t i on
method in case of the r e f . so lu t ion , The
s o l u b i l i t y of w i l l depend upon the the
temperature, various kinds o f polynuclear aluminium

other kinds o f  s a l t s  i n so lu t ion ,
A t a very h igh the f resh ly
p rec ip i t a ted 1 aluminate complex dissolves
r e l a t i v e l y eas i l y when it i s dispersed a d i l u t e
state. The reason i s no t  c lear  a t the present
stage. However, the s o l u b i l i t y roduct obtained

be usefu l i n estimating roughly t he y f e l d of
recovery i n advance.

t he present 9

INFLUENCE OF TEMPERATURE ON RECOVERY

It i s c lear t h a t when the concentrat ion o f
10 ppm i s used, the formation o f the l i t h i u m
aluminate complex i s essential and the s o l u b i l i t y
may l a r g e l y depend upon the so lu t i on tem erature,
Geothermal water a t the Hatchobaru bore a
r e l a t i v e l y high a t the out le t ,
I n view o f the e f f e c t i v e u t i l i z a t i o n o f the geo-
thermal water, operations a t a h igh temperature

11 be required, The experimental r esu l t s on the
L i recovery a t 80°C are shown i n Fig.3. The f igure
dep ic ts a fa i r ly d i f f e ren t behavior comparing w i t h
one a t temperature, That i s , f o r a l l the ref,
L i so lu t ions set the minima
were found. With in one t o s i x hours, the p l o t
t he residual L i concentrat ion vs. shows the
minima, then the concentrat ion shows a
r i s e t o 9-10 ppm wi th passage o f time. This
phenomenon might be in te rpre ted as fo l lows: A t the
f i r s t stage, the l i t h i u m aluminate complex prec i -
p i t a t e s rap id ly , then the complex dissolves
l i n e a r l y according t o the s o l u b i l i t y equ i l ib r ium
and i n t h i s case, a h igh temperature seems t o
accelerate the p rec ip i t a t i ng speed and t o  s h i f t  the
optimum t o the lower region as shown i n the
f i gu re . the L i recovery i s made a t a high
temperature, the contro l ought t o be made
accura te ly and a short time recovery i s desirable,

RECOVERY USING

The basic study on the recovery showed us
several important factors, and now the recovery
from geothermal water should be i n order. For 
geothermal water, even i n the best  condi t ion,  on ly
a recovery o f was at ta ined as shown i n

and the optimum was i n the range o f
10-10.5. While f o r the ref . L i so lu t ion , a t the
optimum the percent recovery o f l i t h i u m was
100%. As stated above, there seems t o be a r e l a -
t i v e l y grea t  d i f fe rence between geothermal water
and the ref .  L i so l u t i on concerning the
recovery. Geothermal water seems t o have a k i n d o f

1

t . . I I 1

0 5 10 20 2 5

Fig . 3 The p l o t s o f res idual L i concent-
r a t i o n v s . time and time
fo r r e f . so lu t ion a t 80°C.

0

F ig .

I 1 1

0 5 10 15 20 2 5 4 8

The p lo t s o f residual L i con-
cent ra t ion v s . t i m e and v s .
time for geothermal w a t e r a t
room temperature.

* concentrat ions were adjusted using
s a l t .
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b u f f e r i n g
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The p l o t s o f r e s i d u a l concent-
r a t i o n vs. time, and vs. t ime
f o r geothermal water a t

ac t ion . The use o f the concen t ra t ion
o f 500 increased the y i e l d o f L i recovery and
t h e optimum reg ion became 1 .
F i g u r e 5 shows the experimental r e s u l t s f o r geo-
thermal water a t 80°C using t h e concen t ra t ion
o f 300 ppm. The ex ten t o f recovery i s ve ry low
as i s expected and t h e optimum i s around 9,
which i s lower than t h a t o f geothermal water a t
room temperature. Comparison o f t h e r e f . so lu-
t i o n and t h e geothermal water a t 80°C shows t h a t
f o r the r e f . L i so lu t ion , a r e l a t i v e l y h igher
y i e l d o f recovery i s poss ib le w i t h i n a few
hours, b u t t h a t f o r geothermal water the re i s no
p o s s i b i l i t y o f such a r a p i d recovery o f l i t h i u m ,

The r e l a t i v e l y l a r g e d i f f e r e n c e between the
r e f , s o l u t i o n and the geothermal water may be
due t o the var ious k inds o f s a l t s i n the geothermal
water. The most probable c o n s t i t u e n t s which nega-
t i v e l y f u n c t i o n 11 be the high- concentrat ion
sodium ch lo r ide , po lymer ic s i l i c i c a c i d and t h e
s a l t s , and calcium 'ons. The a d d i t i o n o f a l a r g e

l u t i o n d i d n o t change the e f f e c t on the
recovery. It was found t h a t ca lc ium i o n was the
cause of the poor y i e l d o f the recovery, and t h e
e f f e c t s o f  s i l i c i c  a c i d and the s a l t s were r e l a -
t i v e l y small comparing w i t h those o f ca lc ium ion .
F ig .6 shows t h e  r e s u l t s  from the calc ium- free
geothermal water. Calcium i o n was removed by t h e
fo rmat ion o f ca lc ium oxa la te a t a low temperature.
As shown i n the f i g u r e , the y i e l d o f recovery
from geothermal water becomes very s a t i s f a c t o r y by
t h e removal o f calcium ions .

amount o f 4 ppm) t o t h e r e f . L i so-

E
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F ig .

I I I 1

free water

I I I I I
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The p l o t s of r e s i d u a l L i con-
c e n t r a t i o n vs. t ime and vs.
t ime f o r Ca f r e e geothermal
water a t temperature.

6

be success fu l l y c a r r i e d o u t by c o n t r o l i n g t h e
t h e t reatment temperature, t h e s t i r r i n g time,
as w e l l as by t h e removal of calc ium ions .
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CONCLUDING REMARK,
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