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Mineral processing of low quality zircon 
concentrates and preconcentrates 
S. Sabedot1, H. Wotruba2

, C. H. Sampaio3 , C. 0. Petter3 and 1. A. S. de Brum*3 

In NE Brazil, Millennium lnorganic Chemicals do Brasil S/A produces zircon concentrates with 
variable contents of Zr02 . One of such concentrates, named zirconite 8, presents a low Zr02 

value and high content of contaminants, being considered as a low quality concentrate. The 
deposit consists of coastal dunes, and the minerals are located in the base, coated by a clayey­
ferruginous pellicle, which interferes in the zircon beneficiation. Besides, two other causes 
influence the production of the low quality concentrate: mineral inclusions and the development of 
metamictes in the zircons. The present work, conducted on the zirconite B concentrate and in the 
preconcentrate, characterises the pellicle's nature, identifies the mineral inclusions in the zircons, 
illustrates the occurrence of metamictes in the zircons and suggest alternative routes to the 
production of a high quality zircon good, from the zirconite B concentrate and the zircon's 
preconcentrate. 
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lntroduction 
The zircon is an acccssory 1nineral in a variety of igncous 
rocks, espccially in thosc containing sodic feldspars, 
such as granitc, scnate and diorite. This nlincral is one of 
the first to crystallisc in the cooling of 1nag111a and in 
son1e cases, incorporates inclusions. Zircon is found in 
111ctan1orphic rocks like gneisscs and schist. Ü\ving to the 
rare occurrcnce in thc prünary rocks, zircon has 
cconon1ic rclcvance in scdin1cntary dcposits (1nineral 
sands), \Vhere it appears \.Vith i11nenite, rutilc, staurolite, 
1nonazite and othcr high density. 1

--
4 

~vfineral sands' dcposits are con1111011 in the scacoast in 
1nany countrics. Australia conccntrates thc biggest 
rcscrvcs and it is at the sa1nc ti1ne the \Vorld's largest 
produccr and exportcr of zircon conccntrate. In 2001, 
Brazilian rcserves \Vere cqual to 3·4°/r, of the \Vorld's and 
thc a111ount produccd in the country (21 thousand tons) 
represcntcd 2·21X> ofthc \\'ürld's production. fvfillcnniu1n 
fnorganic Che1nicals do Brasil S/1\ produced around 11 
thousand tons, cxclusively dcstined to thc do1nestic 
1narket. 5 

In thc n1ajority of thc pro<lucing countries, thc 1nore 
interesting dcposits fro1n thc econo111ical point of vic\v 
arc unconsolidatcd or partially consolidatcd placers. 
Thc processing of the run of 1ninc (ROfvf) orc re1noves 
quartz and other light nlinerals. In the size classification, 
Reichert cones, spirals or other hydraulic classification 
dcvices arc uscd. In so1nc dcposits, a stcp of attrition is 
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necessary for the re111oval of possible adherent sub­
stances fron1 the 1nincrals. After the drying, clcctrostatic 
and n1agnetic scparators are cn1ploycd to generate 
concentrates ofvarious heavy n1incrals, such as ihncnitc, 
rutile, zircon and others. 2

"' 

Thc relevance ofzircon as a ra\V 1natcrial is related to 
its che1nical and physical propcrtics, such as high 
hardness and rcfraction indcx, 1nclting point abovc 
IS00°C and othcrs. 2

·
3 These fcaturcs J:1votir the zircon's 

utilisation as a ra\\' 1natcrial in <liJTerent industrial 
sectors, and the n1ain applications are in ccra1nic 
products, 1nelting and refractories. In Brazil, the average 
cost of a superior quality zircon concentrate is about 
$290. In the international 111arket, thc sa1nc product 
costs $350/ton. 5 

ln the zircon crystal lattice, a process kno\vn as 
1neta1nictisation occurs, \Vhich consists on thc rcplacc-
111ent of Zr by other chc1nical ele1nents. S1nith el al. 6 

vcrificd that the zircon's structurc can acconunodate 
cxtcrnal ions in thc process and in son1c grains, the 
authors found that 40'-X, of all Zr contcnt \Vas replaced 
by Y, Th, Nb, U and Ca cations, a1nong others, and that 
a lo\v a111ount of silicon \VHS replaccd by alu1niniu111 and 
phosphorus. Garz and \Vhite7 sho\ved that thc iron 
cntcrs the crystal lattice replacing silicon, and that its 
concentration can vary bet\veen 400 and 15000 pp111. 
l-lart1nann et al.,8 in a study \Vith 1neta1nictic zircons 
fro1n thc Cai;apava granite, in Southern Brazil, identified 
chc1nical exchangcs bctv.1een the zircon and the 1neta-
1norphic cnviron1nent, and found that thc 111ctanüctised 
portions \Vere strongly cnriched in Fe ( x t 00) and in 
othcr clcn1ents. 

The fvfillenniun1 Co111pany's dcposit, kno\vn as Guaju 
Ivline, is Jocatcd in the 1nunicipality of ivlataraca, in 
Paraiba Statc, NE Brazil. 'fhc 1nain 1nineral good 
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produccd is ihnenite. Zircon and rutilc arc byproducts. 
Thc hcavy inincrals are dissenünated in 1nincral sands 
deposits, as 30 111 high dunes (1ncan valuc). The 111ining 
takes place by 111echanical disrnounting (bucket \Vheel 
dredge) and thc 1nincral proccssing occurs in gravity, 
electrostatic and tnagnctic devices. 

Studics 1nadc by Sabedot and Sa1npaio9 on the 
dcposit havc indicated that 98'XJ of thc 1nincrals in the 
basc of thc dunes are opaque duc to thc cxistence of a 
strongly aclhcrcd pellicle. On the top of thc deposit, 
convcrscly, around 95'Y.i of the 111inerals havc a vitreous 
glo\\' and therc is no pellicle on the particlcs. After the 
characterisation, Sabedot and Satnpaio 10 applicd an 
attrition proccss to the zirconite ß conccntratc, in 
laboratory scalc, to opti111ise the operation paran1eters 
and thc rc1noval of pcllicle. The process \Vas cfficicnt and 
rcn1ovcd the pellicle adhered to thc 1ninerals. The 
attritioned product \Vas passcd by the electrostatic and 
n1agnetic separators oncc again and the rnajority of thc 
conta111inant nlinerals \Ycrc ren1oved, yielding a high 
Zr02 product. 

In the orc proccssing, zircon concentratc is obtained 
f'ron1 a currcnt na1ne zircon preconccntratc (PCZ), 
\Vhich is the rcjcct fron1 the ihnenite conccntration. 
Fro111 the 1nineralogical point of vie\v, it is a 111atcrial 
\Vith n1orc than 801X1 in zircon, contan1inated by rutilc, 
ihnenite, cyanite, staurolitc and others. The quality of 
PC'Z varics according to the portion of the deposit being 
1nincd: if the \Vorks arc in thc base, the 111ajority of thc 
heavy 111inerals \\1ill prcscnt thc adhered pelliclc. 'fhis 
pheno111enon \Vill not appear if the top scdiinents are 
thosc bcing cxtractcd. In the first casc, thc bcneficiation 
of PCZ \Vill yicld Jow quality zircon conccntrates and in 
the second onc, high quality products \Vill bc generated. 

Thc PCZ is processed by batchcs, in concentrating 
tablcs, clcctrostatic and 111agnetic scparators. Zircon is a 
non-conducting and non-111agnetic 1nincral. The pellicle 
around thc tnineral reduces the efficiency of electrostatic 
and 111agnctic dcvices in the separation of the conta111i­
nants. As a consequence, part of thosc is incorporated in 
the zircon rich fraction \Vhat rcsults in a lo\v quality final 
product. 

Considering that thc PCZ is the 111ain sourcc of all the 
concentratcs produced at the Guaju tvlinc, an operation 
in the se1nipilot scale \Vas conductcd to verify if the 
re-sults \Vith thc attrition experi111cnts in laboratory 
\Vould reproducc in a largest scale. Thc attritioned 
PCZ \\'as thcn processed in thc clcctrostatic and 
1nagnetic deviccs, and the results are con11ncnted in this 
paper. 

The nlincralogical characteristics of the Guaju's 
zircons also dctcnninc the yielding of lo\V quality 
concentrates. Studics conducted \vith thcsc concentrates 
indicate that scvcral zircons contain n1incral inclusions 
of variable di1ncnsions. 

Zircon is a 111ineral oftcn utilised in the detection of 
rocks. One of the aspccts referred in the litcrature is a 
process na111ed 1nctan1ictisation, \Vhich disoricntatcs the 
zircon's crystal structure and incorporatcs alien sub­
stances to it. Tbc lo\v quality conccntrate \Vas also 
investigatcd in rclation to thc occurrcnce of this proccss. 

Sincc 1nineral inclusions also detennine thc final 
quality of the zircon conccntrate, physical proccdurcs 
\Vc1-c tcstcd on the PCZ to cvaluate the perfonnance in 
thc opcrations of hcating, n1illing and rcn1oval of 

inclusions. The results of these invcstigations arc also 
prcsented and discusscd in this paper. 

Materials and methods 
Attrition in the PCZ 
T\velve 40 kg sa1nplcs of PCZ \Vere tcstcd in se111ipilot 
attrition equipn1cnt. 'fhe tests and results in laboratory 
scalc \\'ere optin1ised: conccntration of solids in the pulp, 
conccntration of NaOI-1 in thc pulp and stirring tiine. In 
Table 1, the para1nctcrs' values according to the runs <trc 
listed. R.un l \Vas executed \\1ithout Naüll_ bccause the 
con1pany, duc to cnviron111ental issucs, \\1anted to kno\V 
about the perfonnancc \Vithout the chenlical. 

Aliquots of thc attritioned products \Vere analyscd in 
the binocular 111agnifying Jens and subjcctivcly qualificd 
in rclation to the prcscnce of grains \Vith thc adhered 
pcllicle. So, the pcrfonnance of the expcriincnts \Vas 
qualified as regular, good or outstanding. 

To corroboratc thc cfficiency of thc trcat1nent 111adc, 
thc spectn1111 of rcftcctance \Vas 111easurcd, \Vith a 
lVlinolta CIVf 508d spectrophoto111eter couplcd to the 
OJ I·Iolder acccssory, in three sa111plcs: PCZ (\vithout 
attrition) and runs 7 and 11 of the attrition studies. Each 
sa111ple \Vas n1easurcd 11 tin1es and the results \Yere 
sub111itted to a statistical treatn1cnt (t test), 11 to 
detenninc the di!Terence bct\veen t\\'O 111ean values, 
considering thc san1c variance for thc san1ples, in a lcvel 
of conlidence equal to 95'X1. Considering that the clayey­
fcrruginous pellicle givcs thc grain 's surfacc a reddish 
colour and an opaque appcarance, the pelliclc's re111oval 
alters the colour of thc attritioned 111atcrial and as a 
consequcncc, also the values of thc colorin1etric para-
111cters are altercd in the sa1nple, beforc and after the 
attrition procedure. 

'J'he perfonnancc of the runs \Vith and \Vithout the 
addition of NaOI-1 \Vas verified in attritioncd sa111ples 
(runs l and 5), tcsted in electrostatic and n1agnetic 
cquip1ncnts. The electrostatic separater utilised \\'as a 
Carpco, 1nodel 1-IT 111-15, \Yith a 14 in. induced roll. 
The \Vet 1nagnctic separater \\'as an Inbras/Ericz, 1nodel 
4L, \Vith a 2 x 4 n1n1 111atrix, opcrating in a closcd gap 
\Vith 17 000 G. The che111ical analyscs of the PCZ and 
the products of bcncficiation \Vere nu1dc in a Philips X­
ray spcctrophoto111eter, 111odel P\Vl660. 

Sa1nples fro111 the reject of the attrition process \VC1-e 

separatcd, dried and analysed in a Philips X-ray 
di!Tracto111ctcr to identify thc n1ineral phases prcsent in 
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the pellicle. Oncc dricd, thc sa1nples appeared like a 
clayey brO\Vll llHlSS. 

Mineral inclusions 
Approxiinately 300 zircon grains \Vith nlincral inclusions 
1,vere selected fro1n a sa1nplc of thc zirconite ß 
conccntrate for the 1nineralogical characterisation of 
the inclusions. After the selection, the grains \VCrc 
collated on a glass support and abraded, exposing 68 
nlineral inclusions that \Vere photographcd and analysed 
under an optical 1nicroscope and under an analytical 
rnicroprobe. 

Metamictisation 
The 1neta1nictisation process 1,vas investigated in around 
800 grains of the zirconitc B eonccntratc, rando1nly 
colleeted. The grains 1,vere pasted on a glass support and 
then they 1,vere abraded and coated 1,vith graphite for 
analysis in a SX50 Ca1neca electron 111icroprobe. 

Physical treatments in the zirconite B 
concentrate 
l'he 1nincral inclusions in the zircons detennine the 
elevated contents of contan1inant substances in the 
zirconitc ß concentrate. Physical treat111ents, such as 
heating in thc 111icro1,vave oven, nlilling, electrostatic and 
1nagnetic separation, \Verc i1nple1ncntcd in the concen­
trate, to evaluate thc pcrfonnancc in thc rc1noval of 
inclusions, by analysis aner the treal1nents. 

Heating in the n1icro~vave oven 

The usc of thc 1nicro1,vavc oven in the heating of the 
zircon's conccntratc 1,vas considered due to the discus­
sions by F-Iaque 12 and King1nan and R.o\vson, 1J in their 
rcvic1,vs on the 1nicro1,vave energy in orc proccssing 
technologies. According to these researchers, the heating 
of 1ninerals varies according to thcir ehe1nical eo1nposi­
tions and physical properties. Generally, 111etallic 
n1incrals, such as pyritc, hcatcd by nlicro1,vaves for 
7 1nin, can reach tc1npcraturcs abovc IOOO'~C. The 
tc1nperature for non-n1etallic and transparent 1nincrals, 
such as quartz, under the sa1ne conditions and ti111e of 
cxposure, ren1ains close to 80°C. Still according to the 
citcd authors, the quick heating 1,vith n1icro\vaves is 
in1portant for thc rclease of econon1ic n1inerals asso­
ciated \Vith a 111incral ganguc. 01,ving to the difTerence 
bet1,veen the 1nineral's dilatation coefficicnts, n1icro\vavcs 
act to provokc a fracture net1,vork in the contact zoncs 
bet1,veen the different n1incrals and 111akc their scpara­
tion casicr, in a posterior step oJ' grinding and 111illing. 
Since zircon is a transparent nlincral, the 111icro1,vave 
ovcn \Vas utilised to cause the fracturing in thc zones of 
contact bct\vecn the nlineral and the inclusions. 'J'hc 
operation panunctcrs \Vcrc: po\ver 500 \V, heating ti1ne 
7 1nin and n1ass of sa111plc per batch 600 g. 

Milling 

i'vlilling 1,vas utilised to pro1notc thc brcakagc of the 
inc\usion bearing zircons, previously fractured by thc 
1nicrowave's aclion and thus thc rclcasc or exposure of 
the inclusions. An iinpact nlill 1,vas used, 1,vith continuous 
feed and 1,vithdnnval of n1atcrial, dcsigned to avoid the 
exccssive con11ninution of the inatcrial. After thc 1nilling, 
the 1naterial \Vas sicvcd at 0·063 111111. The retained 
fraction 1,vas 
cquipn1cnts. 

processcd in elcctrostatie and n1agnctic 
Tbc passing fraction, \Vith a size 

distribution inadcquate to the operation in the n1en­
tioned equip1nents, 1,vas jusl chcn1ically analysed. 

Electrostatic and n1agnetic separation 

The fraction +0·063 111111 1,vas initially treated in the 
Corona type Krupp Laboratory electrostatic separater. 
Operation para1neters 1,vere 30 k\1 and roll rotation of 
100 rcv 1nin - l. Thc non-conducting fraction \Vas trcatcd 
in a Carpco induccd roll 1nagnctic scparator, 1nodcl 
MII-I-13· 111-5. The equip1nent \Vas regulated at its 
1naxiinun1 1nagnctic intcnsity and \Vith the roll spccd sct 
to 33 rev inin -- 1• 

Chemica/ analysis 

Fro111 all the steps in the processes, sa1nples 1,vere takcn 
to the chenlical analysis, conducted in a Philips X-ray 
spcctro1netcr, 1nodel P\Vl660. The follo\ving oxidcs 
\Vcrc dctcnnincd: Fe20 3 , 'l'i02, Zr02, Al 20J and P20 5 . 

Results and discussion 
Attrition on the PCZ 
Subjective eva/uation 

In a subjectivc evaluation, the perfonnance of thc 
attrition studics \Vas qualificd as rcgular, good or 
outstanding. The regular perfonnance indicated the 
prcscncc of grains \Vith clay adhcrcd to shallo1,v or decp 
cavitics, or grains 1,vith rcn1ains of pclliclc, and/or grains 
with opacity. Runs 1, 6 and 12 in Table 1 rcccivcd this 
qualification. The good perfonnance indicated the 
prescncc of grains 1,vith clay adhered only in son1c dccp 
cavitics, but \vithout re1nains of pclliclc and opacity. 
R.uns 2-5, 7 and 10 in Tablc 1 \Vcrc qualificd as good. 
The outstanding pcrfonnancc indicatcd that the grains 
1,vere entirely free fro111 pellicle or clay, \Vith shining 
surfaccs. R_uns 8, 9 and 11 in Table 1 fell into this 
qualification. 

In the global evaluation of results, the para1neters 
fro1n thcsc runs qualificd as good 1,verc ad1nittcd as ideal 
valucs (runs 2, 4, 5 and 7), due to the s111allcr opcration 
tilnes. Run 7, \Vith a s1nallcr concentration of solids in 
the pulp, could be elected as the 111ost adequate of all, if 
this para1neter represents dinlinished energy consun1p­
tion, but this aspect 1,vas not evaluated in the tests. 
Although runs 8, 9 and 11 presented an outstanding 
pcrfonnancc, thcir opcration titncs \Vcrc considcrcd too 
long for thc proccss. Runs 1, 6 and 12 \Verc not cfficient 
in the re111oval of the pellicle, 1,vhich indicates that the 
opcrations \Vithout NaOH (run 1) or \Vith a 10 1nin 
residence ti1ne (run 12) \Vere far fro111 the ideal. Run 6 
prcscntcd an atypical result, probably as a consequence 
of son1c operation problcn1 that 1,vas not dctccted during 
the experiinent. 

Objective evaluation 

The che1nical analysis by X-ray fluorescence proved to 
be inadequate to evaluate the results, because the 
pellicle's 1nass ren1oved by attrition 1,vas of little 
significancc, if con1parcd 1,vith the original PCZ 1nass. 
The results of analyses n1ade before and after the 
attrition sho1,vcd difTcrcnccs that coincidc \Vith thc valucs 
of the confidcncc lin1its of the analytical 111ethod (111argin 
of crror) and due to this fact, the colorin1etric 1nethod 
1,vas selected as thc objectivc tool to cvaluate the process. 

In Table 2, the values of1nean and standard deviation 
for brightncss and ycllo\\'11css are listed (calculated by 
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Diffractogra1n of reject of attrition 

the ISO 2470 and ASTI'vl E313 nonns rcspcctivcly), 
rcfcrring to the statistical trcat1nent of PCZ, run 7 and 
run 11 sa1nplcs. The statistical treatn1cnt includcd a t test 
to con1parc thc ntcan values obtained in runs 7 and 11 in 
rclation to the PCZ sa1nplc. Tbc t values and the 
associatcd probabilities can equally bc found in Table 2. 
Both thc t valucs, above the critical valuc of 2·05, \Vhich 
corresponds to a 95o/r, confidence interval, and thc p 
values, belo\V 0· 1%, confinn that both treat1ncnts \Vcrc 
effectivc both in thc increase in brightness and in thc 
decrease in the ycllo\vncss in the studied satnples. 

Reject of the attrition 
Thc n1incralogical analysis of thc rcjcct of thc attrition 
expcrilnents idcntificd peaks of kaolinitc, gibbsitc, 
gocthite and zircon, as sho\vn in the ditTractogratn fro111 
Fig. 1. 'J'hc first three peaks charactcrisc thc pcllicle's 
cotnposition and arc typical of the natural alteration 
proccsses that occur in the scdin1ents, 111ainly \Vhen 
subn1ittcd to the percolation of \Vater, cither by the 
phrcatic as by thc infiltration. The pcaks for zircon in 
the dilTractogn1111 rcprcscnt torn fragn1ents of zircon 
and/or zircon po\vdcr, rcsulting fro111 the con1111inution 
caused by intergranular shocks occurring during the 
proccss. 

Attrition with and wit/Jout the use of NaOH 
The lcss cfficicnt pcrfonnanee in the se111ipilot attrition 
process \Vas identifled in run 1, conducted \vithout the 
addition of NaOI-I. A con1parativc tcst applied to the 
attritioncd products fron1 this run and fron1 run 5 has 
sho\vn, in a qualitative \vay, that the use of the che111ical 
is in1portant in the attrition proccss. Aliquots fro111 these 
runs \Vere processed in thc clectrostatic and tnagnetic 
separators, in this sequence. The final, thc non­
conductor and non-tnagnetic portion of cach aliquot, 
\Vere analyscd by X-ray tluorescence. Tablc 3 sho\vs the 
results. Thc PCZ sa1nplc rcfers to the non-attritioncd 
produet and the san1ples' 'run l' and 'run 5' refer to the 
attritioned fractions, processcd in thc clcctrostatic and 
111agnetic separators. Rutile and ilrnenite are the n1ain 

Table 2 S!atlstical comparison of measured colorhnelrlc 
parameters 

Mean 
Standard deviation 
t 
p value, 0/o 

Brightness Yellowness 

PCZ Run 7 Run 11 PCZ Run 7 Run 11 

16-77 17·31 
0·34 0·32 

3·87 
0041 

17-75 
0-42 
5·98 
0·001 

28·91 26 24 26-82 
0·90 1-60 1 ·38 

4·84 4·23 
0010 0096 

~ .. ·" 

.f/ljfl ·" 
l.Q 

100 micra 

2 Mineral lnclusions In zlrcons frorn lo\v quality concenlrale 

contatninants for thc PCZ. Thc valucs for 'fi02 
presented 1nore significant difiCrcnccs bct\\'cen thc 
sa111ples processed \Vith and \Vithout NaOH, and thcrc 
is around IOO'X, 111ore Ti02 in thc product attritioncd 
\Vithout NaOH. For the re1naining oxides, the differ­
ences fall \Vithin thc operational range of error of the 
equip111ent. 

Gcncrally, the results of se111ipilot attrition tests 
evidenced that thc operational perfonnances \Vcrc 
si1nilar to those obtained in thc Jaboratory scalc. 
Considcring thc si1nplicity and the efficacy of the 
attrition proccss, it appcars to be a viable alternative 
to be introduced in thc industrial scalc at thc Guaju 
n1inc, objectively to the PCZ product, to prontote thc 
production of zircon concentrates of higher purity. 

Mineral inclusions 
Around 28o/rJ of the zircon fro111 CZB presents a 
significant a1nount of 1nincral inclusions \Vhich can 
occupy a eonsiderable voltune of grains as sho\Vll in 
Fig. 2. By n1ineralogical study of inclusions, several 
species \VCre iJcntificJ ('f'abJc 4) <Illlüllg \\1Jlieh thc 
1nagnctic ones, the biotite, the quartz and the ihnenite 
arc thc rnost abundant ones. These 111inerals, \Vithout 
considering thc quartz, reprcscnt around 50'X1 of thc 
n1ass of the inclusions. 

Analysis of inclusions in Jive tnagnetic 111inerals, 
carried out by SEivl, sho\ved that around 60·21!1.i of the 
ntass, on the avcragc, corresponds to the iron ele1nent. 
Inclusions in biotitc and ihnenite have, on the average, 
30·2 and 46· lo/flFeO respcctivcly. On thc other hand, 
apatite is the fifth 111orc frequent 1nincral spccics found 
as inclusion. In addition, A}i03 can be found as 
inclusion in biotite, l'cldspar and plagioclase. lnclusions 
nu1y rcpresent an in1portant conta1ninant fraction of the 

Table 3 Che1nlcal analyses (%,) for PCZ and samples 
atlrilioned with and wlthout NaOH, processed in 
electrostatlc and 1nagnetic equipments 

Samp!e 

PCZ 7-46 1-49 0· 19 1-31 58·36 
Run 1: without NaOH 0·65 0·24 0· 12 1·09 66-17 
_R_u_n_5_: _w_it_h _N_a_O_H __ _:0_:·3_:0_0:_2_8:_____:_0· 11 1·07 66-03 
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.i~illailiiMii'•'"iiliiilillii ....... „ 
a highly fractured; b slightly fractured 

3 Images (BSE) of zircons wilh metamictisation bands 

CZB and 111ay cxplain the f~1ct that aftcr purification, 
PCZs present high grades of Fe2Ü3, P20s and 1\!203 
rcndcring the111 lo\v quality products. 

Metamictisation 
i'vlcta1nictisation process produccs alteration \Vhich 
111odifics thc zircon chc111ical co111position. Thc proccss 
is carried out in t\Vo \vays: by the transfonnation of thc 
clcn1c11ts of the crystal latticc during thc process and by 
the ulterior altcrations provoked by solutions \Vhich 
penetrate thc 1nincral through fracturcs originatcd 
<luring thc proccss. 

Figures 3 sho\vs thc spectra of the ele1ncnts Fe, 'fh 
and Zr in thc structurcs of t\VO zircon grains pickcd at 
rando1n. In each grain, thc spectra sho\v that in the dark 
bands (n1ctanlictised areas of thc 1nincral), Fe and Th 
concentrations appear high \Vhile Zr conccntration 
appears Jo\v. On thc other hand, in the clcar bands 
(arcas not n1eta1nictiscd), it appcars the contrary, i.e. Fe 
and Th conccntrations appear lo\V and that of Zr 
appears high. 

'J'his characterisation docs not allo\v detennining 
absolute valucs or alterations in the concentrations of 
the ele1nents insidc thc grains. Nevertheless, fro1n thc 
spectra, it can bc infcrred that alterations n1ust bc 
considerable. For exa1nplc, in the spectnun correspond­
ing to Zr (Fig. 4) \Vhich corrcsponds to the zircon 
sa1nplc of Fig. 3a, the Fe counts of clcar bands is 
,....., 2500, \Vhilc in thc dark bands, it is around 32 000. For 

Table 4 Mineral inclusions In zlrcons, ldentified by 
analytlcar 1nlcroprobe 

lnclusions Total 0/o Grains 

Magnetic 14 21 
Biotite 13 19 
Quartz 10 15 
Ilmenite 7 10 
Apatite 6 9 
Oxide Te„Ti 4 6 
Feld spar 4 6 
Plagioclase 3 4 
Titanite 2 3 
Limonite 2 3 
Copper n1inerals 2 3 
Amphibole 1 1 
Sum 68 100 

A 

Th, counts arc around 2000 in the clear bands and 
around 15 000 in thc dark bands. In the contrary, Zr 
counts arc around 100 000 in the clear bands and <lrop 
do\vn to aroun<l 63 000 in thc dark bands. 

Thc spectra also indicate a variation bct\Vccn 60 000 
and 100 000 counts for thc Zr. Ho\vever, the counts in 
the spectra of Fe and Th appcar ditTcrcnt in thc grains. 
Thosc difTcrcnccs 1nust be related to the intensity or the 
n1eta1nictisation proccss in the interior of the grain 
\Vhich produces 1norc or Jcss altcration of the Zr to son1c 
other ele111ent. Figure 5 illustratcs thc spcctra of Fe, Th 
and Zr of the zircon san1p[c sho\\'11 in Fig. 3b. 'fhcsc 
rcsults confinn the data of HartJnann et a/. 15 and 
Nasdala et a!. 16 \Vho concluded that thc arcas of zircons 
\Vith high 1neta1nictisation degree generally contain high 
quantity of the trace elen1ents and they are characterised 
by highcr variations in the concentrations of those 
elen1ents than in thc ncighbouring areas \Vhich are not 
111eta111ictised. 

Zircon fracturcs arc related to the 111etanlictisation 
according to \Vopcnka et a!. 14 and Nasdala et al. 16 

According to the1n, physicochen1ical variations during 
zircon gro\vth produces 11011-unifonn U and Th con­
ccntrations in thc nlincral, causing volun1e expansions at 
ditTerent ratcs. In gcncral, thc rcgions rich in U and Th 
expand faster. Thosc hctcrogcncous cxpansions producc 
internal pressures throughout thc 111incral, high cnough 
to produce fractures. Fractures beco1nc potential paths 
\Vhcrc fluids pcnetrate, allo\ving leaching of the ele-
111ents. Figurc 3 sho\\'S fractures \Vhich are con1111011 to 
the zircons analyscd by SE!\1. Thosc characteristics lead 
onc to conclude that 1neta1nictisation is also a factor 
\Vhich dctcnnincs high grades of conta1ninant substances 
and hence a lo\v quality of the nnv CZB is produccd in 
thc Guaju l'vfine. 

Physical treatments on the zirconite B 
concentrate 
Table 5 sho\VS a 111ass balancc and chcn1ical analysis 
aftcr physical processes \Vere applied to CZB. Grinding 
\Vas considcrcd satisfactory bccause it generated lo\v 
a1nount affines. As thc aiin \Vas to fracturc zircon grains 
carrying inclusions in order to liberatc or to cxpose 
thc1n, it \\'as iinportant to produce the less fine 1naterial 
due to restrictions in electrostatic or 111agnctic proccsses. 
After grinding, rnany broken grains \Vere found: 1nost of 
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4 Spectra of dfslrlbul!on of Fe, Th and Zr, obtained by 
electron 1nlcroprobe analysls, correspondent to AB 
scanning shown in Flg. 3a 

thc1n \Vcrc frcc fron1 inclusions, and soine of the1n had 
thc inclusions adhcrcd but v:erc cxposed as the grains 
sho\vcd in Fig. 6. 

In general, ground sa1nples sho\ved lo\\' nu1nbcr of 
grains having big size inclusions. Ho\vever, it appears 
that 1nany grains have little size inclusions \Vhich 
appcarcd incorporatcd to the nlincral. Those facts 1nay 
indicatc that 1nicro,vavc hcating is adequatc to libcratc 
big inclusions but not so for little ones. High content of 
Fe1ÜJ and P205 in the -0·020 nun size fraction 
(Table 5) also support the idea that heating/grinding 
processes are effective for Jiberating inclusions. Analysis 
of inclusions by SEM sho\ve<l that 1nost part of 
inclusions is fonned by tnincrals \vhich contain 111ainly 
Fe and P in a ininor extent. The inclusions appeared 
concentrated in the -0·020 111111 as a conscqucnce of thc 
proccsscs 11cating/grinding. 

The product -t-0·063 111111 scparatcd by sicving, sub­
n1itted to an electrostatic process, produced a lo\v 
a111ount of conductivc 111aterial (S·Oo/ri) and 80·2(Xi of 
non-conducting substancc. 'J'his \Vas considcrcd as a 
positive Ülctor due to the little a111ount that \Vould bc 
lost. 

Thc 111agnctic separation of the conducting inaterial 
produccd a rclativcly lo\v an1ount of n1agnetic product 
(3-41X)) and a significant a111onnt of1nix fraction (24·6'Yo). 
1\ rcduction of thc 111can dia1nctcr D50 of thc original 
n1ass by grinding could have affected thc pcrfonnancc of 
thc cquip1nent giving rise to a high vohnne of 1nix or 
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5 Speclra of distribulion of Fe, Th and Zr, obtalned by 
electron mlcroprobe analysls, correspondent lo AB 
scanning shown In Flg. 3b 

could have been due to the exposure of thc inclusions of 
the broken grains \Vhich allo\ved the separation ofzircon 
grains having 1nincral inclusions. 

The non~111agnetic product \Vas the final product. As a 
1nass, thc rccovcry of 52-2°A1 is considered poor. 
Ho\vcvcr, fro1n quality standpoint, chcn1ical analysis 
sho1.ved that the con1position is very closc to that of 

• 
• 

6 Zircons with exposed inclusions, after com1ninulion 
and 1nagnetic separalion 
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Table 5 Processes, mass balance and che1nlcal analyses: zirconile B concentrate 

Process/product 

Zirconite 8 concentrate sample 
Sizing of zirconite 8 +0·063 mm 
Concentrate sample -0·063, +0·020 mm 

-0·020 mm 
Electrostatic separation of +0·063 mm Conductor 

Non-conductor 
Magnetic separation of non-conductor Magnetic 

Mixed 
Non-magnetic 

"'Sample not evaluated. 

zirconitc F, thc best product produced in the Guaju 
l'vline. 1\s the product did not havc thc qualities of that 
product, it could bc con1parcd \Vith zirconite I, also 
produced by the inine \Vhich rcprcscnts a valuc of 5 in a 
scalc fron1 l to 6 in \Vhich the ntunber 6 rcprcscnts 
zirconitc E (zirconitc B has a value of 2). Fro1n here, it 
can be stated that the trcat1ncnt iinplc1ncntcd 011 the 
CZB produccd a quality increase of 3 points lea<ling to a 
considerable gain in quality as \Vell as in con1111ercial 
value. The product did not rcach thc valuc of 6 due to 
the contents of conta1ninant substanccs \vhich sunnount 
thosc found in zirconite E, but the Zr02 produccd had a 
final valuc l'Yo above the 111ininnun necessary to get 
quality of 6. 

Conclusions 
L Tbc high contcnts of conta1ninants found in the 

zirconite ß concentrate arc causcd by thrcc 1nain 
product's charactcristics: 

(i) claycy-fcrruginous pcllicle in the PCZ obtained 
fro111 the sedi111ents 1nincd at thc basc of thc 
dcposit. So1nc 1ninerals, such as ihnenite, cyanite, 
rutilc and 1nonazitc, arc itnpregnated by the 
pellicle and arc not rc1novcd in the 1nagnetic and 
electrostatic separations, rc1naining as conta1ni­
nants in the zirconite B 

(ii) rnineral inclusions in around 2So/i, of the zircons. 
fvtost of thc identified inclusions consist of 
1nincrals that prcscnt thc contan1inant substances 
to the zirconitc B 

(iii) 111eta1nictisation in around 15%1 of thc zircons: 
this is a process that causes the replace1ncnt ofZr 
by othcr clc1ncnts, 1narkcdly Fe. 

2. The attrition in thc scnlipilot scalc bad perfor-
111ance sitnilar to the tests in the laboratory scalc, 
proving that the operation panuneters defined arc 
optitniscd and that the attrition operation 011 the PCZ 
is itnportant for thc rcn1oval of the clayey-ferruginous 
pellicle that is iinprcgnatcd in 1nost of the grains fro1n 
the inferior part of thc dcposit. Thc pcllicle is constituted 
by kaolinite, gibbsite and goethitc. 

3. The physical treatinents applicd to thc zirconitc B 
conccntratc \Vcrc efficient in the re1noval of conta111i­
nants. The contcnts ofZr02 and conta1ninants \Vere very 
si1nilar to thosc achieved in the zirconite E conce11trate, 
a high quality product claboratcd at thc Guaju 
opcration. 

4. Thc 1nass balancc of thc physical treahnents 
carried out 011 the zirconitc B pointcd at a n1ass recovcry 
of 52·21Y., as the final product (non-n1agnctic). 

Mass, 0/o Ti02 Fe203 P205 Al203 Zr02 

100 0·69 0·27 0·08 1 52 64·1 
85·2 02 0·17 008 1·32 64·56 
12·5 0·12 0·24 013 H1 64·56 
n 019 2·62 0·25 H2 62·68 
50 ' ' ' 

802 0 16 0·17 008 1·16 6529 
3A 064 DAS 0·19 2·6 630 

24·6 0·22 0·21 01 Vi2 65·15 
52·2 a.1 0·15 0·06 0·97 65·94 

Con11nercially, this product can represent (in tenns of 
\Veight), a value three tilnes superior to that of zirconite 
ß, because its che111ical specifications are very closc to 
thc superior quality product also obtained at the Guaju 
l\1inc. Tbc finer particlc size, caused by the con11ninu­
tion, can represent a highcr valuc aggrcgatcd to thc final 
product. ßesides the final product, the 1nixed (24·61Yo) 
and -0·063, +0·020 111111 (12·5'Yo) fractions prcscntcd 
better contents than the zirconitc B, and \Vill probably 
present 1nore attractive con1111ercial values. The losses, 
or the products \Vith con11nercial values s1naller than thc 
zirconitc B valuc, duc to thcir chc1nical spccifications, 
rcprescnt the conductor (5·01X1), 111agnctic (3·4%,) and 
-0·020 111111 (2·3o/o) fractions. 
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