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ABSTRACT 

This paper prcsents the results obtained, at the 
laboratory, from the extraction of rare earth elements 
through a alkaline leaching process of a xenotime 
concentratc from Pitinga Mine, Presidente Figueiredo, 
AM Brazil. The alkaline solution used was NaOH. The 
etlccts of thc main operational parameters tested were: 
temperature (150°-300° C), concentration of NaOH 
(50-75'){,), time o r rcaction (I -6 hours), particle size of 
the conccntratc (< O. 149 mm and <0,053 mm) and 
solid: liquiu ratio (I :4 and I :X). The results showed the 
technical viability of thc alkaline leaching process with 
arare carU1 cxtraction reaching values over 90%. 

INTRODUCTION 

The rare earths are largcly distributed 
throughout the earth crust, bcing present as essential 
constituents in more than 160 known mineral 
speciesf 11. However, only some of these minerais 
occur in suUicient concentrations to justify its use as a 
ore. Five minerais: bast.naesite (a rare earti1 
tluorcarbonat.e), monazitc (a rare earti1 phosphate), 
xenotime (a rarc earth phosphate), loparite (multiplc 
oxides) and thc clays containing rare earth elements 
adsorbed, in ionic form, at their surfaces ( only 
available in China) constitute, in fact, as the total 
production of rare earti1s[2]. 

The xenotime and some of the clays 
conta.ining rare earti1 elements are the main sources of 
these elements, from the heavy fraction, as can be 
veri tied by the composition of r are earth oxides in the 
minerais shown in Table I [3 ,4]. 

N ow a days, the singular properties of til e r are 
earth elemcnts are utilized in many applications in ti1e 
ficld of electronics, tclecommunications, transports, 
medicine, nuclear encrgy, oil retinery, metallurgy, 
ceramics and agriculture. 

ln Lhe last decadc, in particular, a strong 
demand was verified, with an increasing tendency, for 
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the next years, in automotive catalytic converters, in 
permanent magnets with high .intensity and in 
rechargeable batteries[ 4,5]. 

Among the Brazilian reserves of rare earths, 
the Pitinga Mine is of economical importance, as it is 
one of ti1e largest reserve of xenotime (20,000 ton 
REO) of ti1e world, where ti1e xenotime concentrate has 
becn stored as a byproduct of cassiterite production by 
the Taboca Mining Company, Paranapanema Group. 
The Pitinga xenotime has a particular feature which is a 
very high levei of heavy fraction of r are earti1s (99 .6%) 
a relative lower levei of yttrium (42%), as coij1pared 
with lhe composition of oU1er xenotimes (90% and 
60%, respcctively). The processing of xenotime from 
Pitinga may become in the short run one of ti1e main 
sources of rare earti1 from U1e heavy fraction[6]. 

Chemical Processing of Xenotime 

The xenotime has been commercially 
extracted from alluvial deposits in Malaysia, Thailand, 
China, India and Australia, as a by product form the 
exploration of cassiterite, rutile, zircon and ilmenite. It 
is one of the main sources of itrium and oti1er rare earti1 
elements from the heavy fraction, although it accounts 
with an only 1% of the total rare earth elements. ln 
general, the processing of xenotime is correlated to U1at 
of monazite, because both minerais are of phosphate 
character, and becausc they occur frequently together 
in nature[8-1 0]. 

There are two industrial methods for the 
processing of monazite and or xenotime concentrates: 
the alkaline route witi1 sodium hydroxide and ti1e acid 
route with sulphuric acid. The description of these 
methods are described in the technical literature[8, 10-
12) and consist basically of: 

in the acid route, the leaching is accomplished in 
two steps. A sulphuric digestion followed by the 
dissolution of the reactional mass with water. The 
xenotime (or monazite) is converted to arare earti1 
sulphate and phosphoric acid as show in following 
reaction: 
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Tab le I -Rare Ear!J1 Composition o r M a jor Source Minerais 
(Percent o r Total Rare Earth Oxide )15 -7] 

BASTNAESITE MONAZITE XENOTIME TR'• ADSORBED LOI'ARITE 

REO 
ONTO CLAYS 

EUA CHINA AUSTR. CHINA MALÁS IA CHINA HRASIL CIIINA C III NA RU SSIA 
Mnunt. Raya n Oho Mount Guang L.ahat. 

Pass Mongólia \V(•ild dong Perak 

La2o3 33.20 23.00 26.0 23 .35 0.50 

Ceo 2 49. 10 50.00 46.03 45.6') 5.00 

Pr6011 4..10 6.20 5.05 4,16 0.70 

Nd2o 3 12,00 I X.50 17.3X 15 ,74 2.20 

sm2o3 O.XO 0.80 2,53 3,05 1,90 

Eu2o3 0.20 0.20 0.05 0,10 0.20 

Light 99.70 98.70 94.')4 <J2.09 10.50 
Faction 

Gd2o 3 0.20 0.70 I .4') 2.03 4.00 

·n,4o7 traç .. )s 0. 10 0,04 0. 10 1.00 

Dy203 traços 0. 10 0.6') 1.02 8.70 

llo2o3 traços traços 0.05 0.10 2.10 

Fr2o3 traços 0,40 0.2 1 0.5 1 5.40 

Tm20 :1 tra~·os tra~·os 0.0 1 0.51 0.90 

Yh2o3 traços traços 0,12 0.51 6.20 

Lu2o 3 tnuf~os trayos 0,04 0, 10 0.40 

Yl)l 0.10 traços 2.41 3.05 60.80 

H<'avy tU O 1.30 5.06 7.93 X'J.50 
Fract inn • 

TOTAL 100,00 100.00 100.00 100,00 100.00 

The producls of lhe reaclion are then leached with 
water. The rare earths su lphate is soluhilized and 
separaled from the insoluhle residue (zircon, 
quarlz, cassilcritc and olher insoluble minerais) by 
filtration . 

ln lhe alkaline rmlle, !J1e fine powder (<0.53 mm) 
of xenotime or monazite concenlrale is added to a 
concentrated solution of sodium hydroxide. The 
tempcrature of the reaction is kept helween 200-
300"C for the xenotime and 140 - 160°C for the 
monazite and is comple ted in 3 to 9 hours. ln this 
rmlle , phosphorus is solubi lizcd in the form of 
trisodium phosphate, which is an atlractive product 
of this method, while lhe rare earth hydroxide 
fonned remains as an insoluhle residue, a shown 
below: 

REP04 + 3Na OH ~ RE (OH)3 + Na3 P04 
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Guang l'itinga, Xunwu, Longnan , Revda 
dong AM .Jiangxi Jiangxi 

1,17 traçns 42.43 Ul4 25,00 

2.93 0,07 2.35 0.40 50 ,50 

0,5S o,ot X.XO 0.7 1 5,00 

3,41 0,03 30.')9 3.04 15,00 

2. 14 0,24 3.8 I 2Jl4 0,70 

0. 19 0,03 0.49 0. 10 0 ,09 

10.42 0,3!1 88.X7 8,92 96,29 

4.87 1,14 2.93 6.9X 0 ,60 

1.17 1,39 tra~os 1.:12 traços 

8.87 10,20 traços 6.7X 0,60 

2.53 3,13 traços 1.62 0,70 

5,46 13,64 traço.< 4.% 0 ,80 

1,27 2,!14 traço.' 0.71 0 ,10 

5,85 19,9!1 0.2') 2Sl 0,20 

1,75 2,59 0.10 0.40 0,15 

57,80 44,71 7.XI 65.77 1,30 

X9,5X 99,62 I L l:l 9 1.07 4,45 

100.00 1()0,00 100.00 100.00 100,65 

MATERIALS AND EXPERIMENTAL 
PROCEI>URE 

Sample of Xenotime Concentrate 

The samplc of xe noti me concenlratc utilized in 
this work was oblained from lhe physical processing of 
the al luvial ore of Pi tinga mi nc, Presidente Figueiredo, 
Amazonas. This ore has as mm n minerais the 
cassiterite, zircon , columhitc-tantalile and xcnotime. 
Thc processing of the ore involved gravily, magnelic 
and electrostalic separalions . Thc xenotime concentratc 
lhus obtained and deno minatcd "xenol ime 90'', had an 
average compostiion or approxi malely 90% of 
xcnolime and I 0'1(, o r zircon. The Pi tinga Mine is 
operaled by the Tahoca Mining Company from lhe 
Parapanema Group, which is o ne of the largest 
interprises or lhe world in lhe production of tin. 



VI SHMMT I XVITI ENTMME- 2001- Rio de Janeiro/Brasil 

Mineralogical analysis of the samplc of thc xenotimc 
concentrate were carricd out through scanning clectron 
microscope (SEM) LEO 5440, equippcd with a 
microanalysis systems hy energy dispersivc 
Spectrometer (EDS) Link ISIS L 300. 

The sample is constituted hasically of 
xenotimc and zircon. Thc othcr minerais are just 
acccssory, being identilicd as quartz, potassium 
fcldspar, cassiteritc, ilmcnitc, magnetite and torite. 

Tahlcs 2 and 3 prescnt, n:spectivcly, the mineralogical 
composition (scmi quantitat.ivc) and the chemical 
analysis of tJ1c xcnotime concentrate. 

Tahle 2 - Mineralogical composition of the xenotime 
concentrate from Pitinga Mine. 

Mineral 

Xenotimc 

Zircon 

Weight (%) 

1\Y,S 

l),3 

Torite 0,7 

Othcrs* 0,5 

*Quartz, cassitcnte, columhtte/tantalilc, fcldspar , 
magnetite 

Tahle 3 - Chemical analysis of the Xenotime 
concentrale from Pitinga mine. 

Compou nd 

TR203 

Zr02 

Si02 

Th02 

u3ox 
P205 

* 

Othcrs (Fe203; 

Al203,Nb205, Sn02) 

*Total rare earth oxides 

Equipments 

Contcnt (% in weight) 

61,60 

6,20 

3,70 

0,5l) 

0,07 

27,60 

0,24 

The alkaline lcaching experimcnts were 
carried out in an autoclave from Parr Instrumenl 
Company model 4563 , which complete unit is 
composed of a pressure reactor, hcal mantlc and 
programahle t.cmpcralure control systcm. The reaction 
vessel was huilt with an alloy - Ieonel 600. The heat 
mantle is capahlc to supply a maximum lempcrature of 
350°C, with an average rate o r heating of 4"C/min. The 
capaciLy of thc autoclave is 600 cm3 and Lhe maximum 
opcrating pressure is 13R bar. 
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Figure I presents a photograph of tJ1c utilized 
autoclavc. 

Figure I - PhoLography of Lhe autoclave 

Experimental Procedure 

The experimental procedure of the alkaline 
leaching under pressure, was conducted, basically, as 
follows: 

Firstly, weighing aboul 50 g of xenolime 
concentrate in analytical balance and its 
introduction in the rcaction vessel containing a 
sodium hydroxide soluLion, at t11e concentration 
previously cstablished in the experimental 
planning. Nexl, the connection of the superior part 
of the reaction vessel and its introduction with lhe 
heat mantle. After adjusling the temperature, the 
agilation of the pulp was set to ROO rpm, sufticicnt 
to keep thc solids under suspension, avoiding 
vortex formation. 

At the end of each leaching test, the agitation was 
turned off and the internal refrigeration was 
initialed for a fast cooking of the pulp. At an 
internal temperature of 100°C, the superior part of 
lhe reactor mass was promptly filtered in vacuum. 
The solid residuc of Lhe alkline leaching was 
washed in boiling water, filtered , over dried, 
weighcd in analytical balance, and threc 
subsamples withdrawn: on for chemical analysis, 
another for HC! lcaching and the Lhird one for 
mineralogical analysis. The filtratc was placed at 
rest at ambient temperature for at least 12 hours for 
lrissodium phosphate precipitation. 

The acid leaching of one of lhe subsamples of the 
alkaline digestion was accomplished with HCl at 
pH 3 or 1. 'The filtrate of this leaching was 
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brought to volume in 500ml volumetric tlask and 
from it a subsamplc taken for chemical analysis. 

The percentage of rare earth extracted, for 
each tcst, was calculated from the chemical analysis of 
the residue and confirmed by the chemical analysis of 
the liqucur of the acid leaching 

RESULTS AND DISCUSSION 

Table 4 shows the experimental conditions and 
the results obtained as percent of rare earth extracted. 

Effects of temperature and NaOH solution 
concentration 

The effect of temperature vanat1on and 
solution concentration in the extraction of rare-earth 
elements is illustrated in Figure 2, for a temperature 
range of 150 to 300°C and N aO H solution 
concentrations or 50 and 75 % by weight. The reaction 
time was 3 hours and tl1e solid: solution ratio I :4. As 
Figure 2 shows, the pcrcentage of rare earth cxtracted 
is dramatically enhanced with the elevation of 
temperature. For instance, wc, may verify that in NaOH 
solution conccntrations at 75%, the extraction 
percentagc incrcases from 49 to 99% when the 
temperature is elcvated from 250°C to 300°C. 

Figure 2 also shows the effect of the lcaching 
agent concentration at 50 and 75% by weight at 
different temperaturcs. Therc is a substantial increasc 
in rare earth extractcd when a 75% NaOH solution 
concentration is uscd as comparcd to 50%, at ali 
temperatures. At the tempcrature range 200-300°C the 
diffcrence is about 27%. 

~ 
c 
,!! 
g 
~ 

13(\ 

•' 

4,) 

"' / 
/ 

..---r-

_. / -- ---/ 

r---' 
/..-'" 

--------/ 
_./ 

., ?-' 1\ "•!(' 

Tll)fTlperofure (t>C) 

1/ 
// 

I 
----· 

"Ltó~' _,.,., 

Figure 2 - Etlcct of tempcrature and lcaching agent 
conccntration on extraction of rare earths 
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Ef'fects of time and solid: Ji(tllid ratio 

The effect of leaching time on the rare earth 
extracted was investigatcd in a range of time of 1 to 6 
hours. Figure 3 illustratcs the effect of time on rare 
earth extraction at different solid to liquid ratios at 
275°C and 75 % NaOH solution concentration. Ata 1:4 
solid to liquid ratio and for the xenotime concentrate 
with particle size <0.147 mm, the rare earth extraction 
reaches 90% for a rcaction time of 6 hours. This 
cxtraction is even enhanccd whcn the solid to liquid 
ratio is I :8 and particles <0.053 mm, with only 2 hours 
reaction time. Comparing thesc 2 sets of adjustments 
(solid; solution I :8; particle sizc < 0.147 mm) it may be 
observed an average increase in rare earth extraction of 
about 10% within the time studied (1 to 4 hours). 
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Figure 3 - Etlect of time on rare earth extraction at 
differcnt solid to liquid ratios 

Observing the results of rare carth extraction, 
expcriments 19 and 20 (Table 4), the etlect of particle 
size variation showed a small difference at 275°C 
tcmperature, for 4 hours reaction and 1:8 solid Iiquid 
ration. 

Characterization of the leaching residue 

Thc alkaline lcaching rcsidues of the xcnotimc 
concentrate were analyzed at t11c scanning elcctron 
microscope with cnergy dispersion microanalysis 
system. This observation indicated that thc zirconitc 
grains werc not attackcd at t11e lcaching conditions 
used . 

The convertion of xenotime, forming 
hexagonal prismatic crystals of rarc earth hydroxides 
seems to be remarkablc. Some of thcse crystals have a 
lengt11 superior to thc biggcst particle of xcnotimc 
concentrate. 
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Tahle 4 -Experimental conditions and results of alkaline leaching of xenotime concenlrate 

Test Time Temperature Pressure Particlc size 
N~ (h) ( C) (bar) < (rrun) 

01 3 200 6,9 0,149 

02 3 150 3,5 0,149 

03 3 250 22,0 O, 149 

04 3 275 35,8 0,149 

05 3 300 52,4 0,149 

06 3 250 15,2 0,149 

07 3 275 26,2 O, 149 

08 3 300 38,6 0,149 

09 3 200 4,1 0,149 

10 3 ISO 1,4 0,149 

ll I 275 24,1 0,149 

12 2 275 24,1 0,149 

13 6 275 24,1 0,149 

14 5 275 23,4 O, 149 

15 4 275 23,4 0,149 

16 5 275 24,1 O, 149 

17 1 275 26,2 0,053 

18 2 275 26,2 0,053 

19 4 275 22,1 0,053 

20 4 275 24,1 0,149 

21 4 250 15,2 0,149 

22 4 200 5,5 O, 149 

Figure 4 shows a photomicrography of the 
original xenotimc concentrate before the alkalinc 
lcaching. Figures 5 and 6 prescnt thc 
microphotography o r the xcnotimc com:cntrates 1 and 6 
hours aftcr the alkalinc Jeaching, respcctively (tests 11 
and 13). Figures 7 shows details of some of thc formcd 
crystals . 

Figure 4 -SEM microphotography of lhe concentratc 
xenotime 
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Na OH Relation Solvent RE 
concentration (NaOH) (rnL) : Extraction 

(%) concenlrate (g) (%) 

50 200 m1 I 50 2,60 

50 200 m1 I 50 1,73 

50 200 mll 50 23,38 

50 200 m1 I 50 48,92 

50 200 m1 I 50 71,34 

75 200 m1 I 50 49,78 

75 200 m1 I 50 84,22 

75 200 m1 I 50 99,00 

75 200 m1 I 50 29,44 

75 200 m1 I 50 7,79 

75 200 m1 I 50 77,79 

75 200 mll 50 81,00 

75 200 m1 I 50 90,52 

75 200 m1 I 50 88,22 

75 200 m1 I 50 86,1-!i 
75 200 m1 I 50 88,05 

75 320 m1 I 40 87,18 

75 320 m1 I 40 91,17 

75 320 m1 I 40 94,42 

75 320 mll 40 93,81 

75 320 ml I 40 91,73 

75 320 m1 I 40 62,03 

Figura 5 - SEM microphotography of the xenotime 
concentrale after 1 hour alka1ine leaching 
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Figure 6 - SEM microphotography of lhe xenotime 
conccntrate after 6 hour alkaline leaching 

Figure 7 - SEM microphotography shows dctails of 
some rare carths hydroxide crystals formed 

CONCLUSIONS 

The alkaline leaching of lhe xenotimc 
concentrare from Pitinga, at lhe studied conditions, 
allow rare earth extraction above 90%, using 
temperatures :2: 275°C, solid to solution ratio = 1:8 and 
leaching time :2: 2 hours. 

The chemical attack with HCl of the reaction 
product demanded more extreme conditions due to the 
formation of hexagonal primatic crystals of rare earlh 
hydroxides. 
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