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ABSTRACT

Tailings of the copper concentration plants, which mainly consist of fine
aluminusilicate components, have many applications in silicate industry.
Their applicationinthefield of ceramicindustry isthe subject of the present
study. Regarding the mentioned target, single soil bodies were created us-
ing the waste. The construction was done according to the certain standard
procedures. Next, the constructed bodies were compared with the ones
made by the main soils of the ceramic industry. Eventually, some ceramic
bodies were produced by the combination of the waste and also the main
soils of the ceramic industry. Determinations of the chemical and mineral-
ogical compositions were carried out by X-ray fluorescence spectrometry
(XRF), X-ray diffraction analysis (XRD) and Scanning €lectron microscopy
(SEM). Thermal analysiswasdone by Thermo gravimetry (TG) and Differ-
ential scanning calorimetry (DSC). Water absorption, bend strength and
linear thermal expans onwere measured according to the 1 SO 10545-3, 10545-
4 and 104545-8, respectively. The results show that the used waste is a
proper raw material for the ceramic industry.
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INTRODUCTION

Sarcheshmeh Copper Complex isoneof thelarg-
est copper depositsintheworld. Annualy, morethan
140000 tons of copper isextracted from the mines. In
addition, 15 milliontonsof solid wastesare produced
in the concentration unit. The produced solid wastes
whichmainly contain duminusilicatesare collectedin
thetailingsdam of the Copper Complex. Thementioned
deposited wasteshavethe potentia of polluting the sur-
rounding environment.

In recent decades, many studies have been done
for therecovery and reuseof theindustria wastesaround

theworld. Catarino et.a. (2003) used rock waste (the
residue powdersleft from cutting and machining op-
erationson rocks) to produce building ceramicg¥. The
produced ceramics had improved mechanical perfor-
mance compared to thetilesused in the construction of
buildings. In another study, Cheng and Chen (2004)
constructed someglass ceramicsfrom theincinerator
fly ashi?. They showed that the optimumincinerator fly
ash-based ceramics considering the physical and me-
chanicd propertieswasthe ones ntered and heet treated
at 950 °C for 2 hours.

Karamanov et.al. (2007) also investigated the
usage of copper flotation waste to make glass ce-
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ramics®. They madetwo glasses containing 30wt%
waste. Theglassfrit showed high chemical durabil-
ity which was measured by the TCLP test. Haiying
et.a. (2007) worked on production of ceramic tile
by use of municipal solid wasteincineration (MSWI)
fly ashi. They showed that heavy metals had been
cemented among the solid | attice of the product and
might hardly be extracted. They suggested that the
MSWI fly ash must be used just as an adding value.
Coruh and Nuri Ergun (2007) studied the leaching
characteristics of the copper flotation waste before
and after vitrification™. Their results showed that
the copper flotation waste was a toxic one before
vitrification whilelevels of theleached metals after
vitrification were within the acceptabl e limits.

As 15 million tons of solid wastes are produced
in the concentration unit of Sarcheshmeh Copper
Complex, the possibility of production of ceramic
tilefromthetailingsof the copper concentration plant
at Sarcheshmeh Copper Complex isinvestigated in
the present study.

EXPERIMENTAL

Raw materialsfor the ceramicindustry intermsof
their rolein the ceramic body areclassified to plastic
cays, fluxesandfillers. Inthiswork Aland A2 (plastic
clays), B (flux) and C1 and C2 (fillers) are used as
common raw materiasfor the ceramicindustry. Itis
notablethat the parent body is produced by them. The
composition of each of themisgivenin TABLE 1.

Asthetailingsarestored at thetailingsdam during

the past years; they have been subjected to different
aging and weathering conditions. Therefore, thereisa
necessity to characterize the waste. Dueto the men-
tioned fact, several samples (W1, W2 and W3) were
collected and were physically characterized by deter-
mination of the particles zedistribution. They wereaso
andyzedfor tharr chemicd compositions. Andyseswere
performed using XRF (Philips PW 1480). Theresults
areshownin TABLE 2.

Then, equal portions of W1, W2 and W3 were
mixed to makeW. Minerdogicad andysisof thesample
(W) was carried out using XRD (PHILIPS- X PERT
Anod= Co-Kalpha=1.789010). Microstructurewas
examined by SEM (Smart Scan MV 2300). Thether-
mal behavior of the waste was evaluated by TG and
DSC analyses. It should be noted that DSC and TG
analyses were down by NETZCH STA 409 PC/PG
at 10 °C/min heating ratein nitrogen atmosphere.

Inthe next step, some single soil ceramic bodies
weremadewitheachof A1, B, ClandW. Their prop-
ertieswere measured according to therelevant stan-
dards and the results were discussed. Dueto the per-
formed analysesand tests, different percentagesof the
wasteswereused inthefina body.

To create the ceramic body, the following steps
wereperformed. Surry was prepared in thefirst step.
Then it wasdried at the temperature of 105*C and
wasgranulated with 5-7% of moisture. After threetimes
of deaeration, the bodieswere pressed inthe 10 mm
x50 mm %100 mm and 7 mm x50 mm x 100 mm molds
under the pressure of 8.5 M Pas. To removethe added
moisture, the bodies were dried at the temperatures

TABLE 1: Chemical composition of common raw materialsin theceramicsindustry (A1,A2,B,Cland C2)

d0, AlL,O, Fe,O, S CaOo MgO Na,O K,O TiO, P.,Os MnO
Al 51.78 26.22 10.05 0.203 0.35 0.28 0.63 1.83 1167  0.309 0.036
A2 65.92 17.59 3.79 0.713 0.85 0.61 2.26 274 0486  0.467 0.087
B 77.85 12.39 9.67 0.003 0.71 0.63 381 115 0200 0.003 0.012
C1 62.05 18.55 6.32 0475 1.27 1.38 0.68 339 0798 0282 0.109
c2 64.76 18.02 6.21 0.002 0.46 1.04 0.96 312 0798 0188  0.088
TABLE 2: Chemical composition of thewaste samples
SiO, AlLO; FeO, S CaO MgO Na©O K, O TiO, P,O; MNO Mo Cu
W1l 6141 1598 561 411 098 258 073 420 025 010 110 0.023 0.80
w2 6111 1621 753 255 103 283 081 492 026 011 027 0.016 022
W3 5926 1588 6.87 154 123 3.09 119 487 025 010 024 0034 0.18
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of 105°C. At thefinal step, some of the bodieswere
glazed while the others were left without glazing.
Then they were sintered by heating under the proper
temperature regime®d,

The characterization of the produced ceramicswas
carried out according to SO 10545. Water absorp-
tion, raw, dry and fired bend strength and linear therma
expansion measurementswere done according to |ISO
10545-3, 10545-4 and, 10545-8, respectivel .

RESULTSAND DISCUSSION

The propertiesof thesinglesoil bodiesaregivenin
TABLE 3. As can be seen, the waste has a high dry
strength which isanimportant feature of the ceramic
clay whichincreasesthe body capabilitiesfor shaping
and printing. Dueto the obtained results, different per-
centages of thewaste (TABLE 4) werereplaced inthe

parent body composition.
Particlesizedistribution

To determinethe particlesize, sampleswere sepa
rated using standard screens. Particle sizedistribution
curvesareshowninFigure 1. Thegrain sizeof the 30
to 70 percent of thesamplesisbelow 44 microns. This
would lead to the efficient pressing and sintering of the
sampleswhich cause high bend strength and low water
absorption.

X-ray fluorescencespectrometry analysis

XRF was performed to determine the chemical
composition of thetailings. Considering the percent-
ages of the SIO, and Al O, and also the reasonable
amount of theFe,O, and the other oxides, it seemsthat
thewasteissuitablefor the manufacturing of the ce-
ramictiles. However, the existence of sulfur inthetail
causes somerestrictionsfor the high percentagesusage
of thewastein the body composition.

X-ray diffractio.On and scanning €l ectron micros-
copy analyses

—= Fyll Paper
TABLE 4: Weight per centage of thebody composition

Wh A% A2% B% Cl% C2%
X 30 28 126 154 8.4 56
Y 50 20 9 11 6 4
Z 70 12 54 6.6 3.6 24
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Figurel: Particleszedigributionsof a) W1, b) W2and ¢c) W3

TABLE 3: Mechanical propertiesof singlesoil sample

A B C W
Water abs.% 6.52 18 5.07 329
Raw bend strength (kg/cm?) 790 1< 4.96 6.60
Dry bend strength (kg/cn) 33.34 11.97 12.16 43.37
Fired bend strength (kgicm?) 525.64 115.44 521.59 41275
linear therma expansion (kg/cm?) 327 166 4.61 7.06
————— CHEMICAL TECHNOLOGY
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Figure2: TheXRD imageof thewaste
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Figure3: TheXRD imageof thesintered single soil sample of W
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Figure4: The SEM imagesof a) thebody madeby thewaste (100% W) and b) the par ent ceramicbody (40% A1, 18% A2,

22%B, 12%C1, 8% C2)

To determine the crystalline phases present in
the tailings and also in the waste-produced fired
samples, the XRD analysis was performed. There-
sultsare shown in Figures 2 and 3. The resultsindi-
cate the existence of quartz, muscovite, chloriteand

CHEMICAL TECHNOLOGY

orthoclase, gypsum, dickite, albite and illite phases
inthetailings. It should be mentioned that the exist-
ence of quartz, orthoclase and albite is one of the
reasons of the high bend strength of the dry waste-
produced sample.
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The XRD analysis of the waste-produced fired
sampl es showstheformation of theglassy phaseand
amorphous silica. Probably, the following phase
transformations have occurred during the heating
processid.
2Fe0.Si0,+1/20,»aFe,0,+Si0,

Fe,0,,7Fe,0,0Fe0,

The peaks of hematite and amorphoussilica, due
to thistransformation, have been detected inthe prod-
uct.

Themorphology of the parent ceramicsand waste-
produced bodiesareshownin Figure 4. Thetest was
complemented by SEM . Ascan beseeninFigure4) a,
thefine particle sizedistribution of thewasteleadsto
theformation of amore homogenousbody. Thegray
background ismainly glassy phasewhilethewhitear-
eas are detected as SIO,. The dark zones are Fe, Al
and Mn phasesaso.

Themicrostructureof the X, Y and Z sintered bod-
iesareshowninFigure5. Theformation of the high
glassy phaseobservableinthefiguresisdueto theeffi-
cient sntering of thewastefineparticles. Thementioned
sintering leadsto the high bend strength and low water
absorption inthese ceramic bodies.

Differential scanning calorimetry and Thermo
Gravimetry analyses

To evaduatethethermd behavior of thewaste, DSC
and TG anaysesweredone. Theresultsareshownin
Figure6. At first, there aretwo stages of weight loss
duetothelossof freeand bound water. The mentioned
losses correspond to the two endothermic peaks at
95°C and 114°C. Then thereisasubtleweight gain
in the temperature range of 300°C to 400°C due to
the oxidation. Next, asuddenweight lossasaresult of
theexit of the combined water aswell asthe destruc-
tion of the crystal | atticeisobservable. Quartz defor-
mation occursinthesametemperaturerangetoo. These
changes correspond to the two endothermic peaks at
517°C and 577°C in the DSC curve. The release of
SO, and the other gases occur up to the temperature
of 1180°C which corresponds to the change of the
slope of the TG curve. Above 1200°C, the melting
and vitrification occur. These conversions cause no
changeinthe TG curve.
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Figure5: TheSEM imagesof a) X,b) Y and c) Z
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Figure6: TG and DSC curvesof thewaste

TABLE5: Mechanical propertiesof thefinal body

X Y Z
Water abs% 4.43 3.61 265
Raw bend srength (kg/om?)  6.45 559 593
Dry bend strength (kg/cnf) 2090 2095  28.45
Fired bend srength (kgicm?)  504.07 544.31 484.86
lineer thermd expansion 5.28 5.48 6.06
Shrinkage% 5.48 6.41 6.60

M echanical properties

Water absorption, raw, dried and fired bend
strength of the body and linear thermal expansion
were measured in accordance with the 1SO stan-
dards. The shrinkage of the samples was measured
too. The results are given in TABLE 5. Because of
the fine particle size distribution of the waste, in-
creasing the waste percentage in the parent bodies’
composition decreases the water absorption in the
ceramic bodies. High percentage usage of the waste,
due to the hardness of the raw waste and also its
fine body pressing, leadsto the high dry bend strength
of the ceramic bodies. Bend strength of the fired
samples are acceptable in accordance to standards.
In addition, Shrinkage of the samplesis in accor-
dance with the weight loss of the waste during the
firing and melting asseeninthe TG curve. It should
be mentioned that the obtained shrinkage is alittle
high. Therefore the waste should be combined with
alow thermal loss and shrinkage soil to form the
ceramic bodies.

CHEMICAL TECHNOLOGY

CONCLUSIONS

Production of ceramic tiles from the tailings of
the copper concentration plant is studied. Dueto the
existenceof quartz, orthoclaseand abitecrystal com-
pounds in the waste of the tailings dam, it isa suit-
ableraw material for the ceramicindustry. The con-
structed ceramic bodies have adequate strength in
dry conditions. Also thefine particle size causes ef -
ficient pressing and uniform bodies. Thisleadsto a
body with proficient sintering, low water absorp-
tion and high dry and fired strength. Glazed sample
have an acceptable appearance which shows the
emission of SO2 before glassy temperature of the
glaze. Therefore, removal of thisgas does not harm
the glaze. According to the characteristics of the
waste, its usage reduces a large percentage of the
plastic soils in the body’s composition which has
many benefitsfor the ceramic manufacturers. There-
fore, by the use of this waste in the construction of
the ceramics, in addition to the reduction of the ac-
cumulated wastes, a product with the acceptable
properties would be achieved.
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