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Abstract. This study aims to analyze the feasibility of using solid sludge generated in wastewater treatment plant of
textile effluent in the manufacturing process of tiles and bricks. To this end, it was characterized the solid waste
generated in the process of treating wastewater from a textile industry. Then the percentages of incorporation of this
solid sludge in the process of manufacturing red ceramic were identified and characterized. The solid compound was
generated by the addition of silt to clay and then it was verified the level of toxicity of the materials. The toxicity
analysis of the material after preparation of test samples incorporated with sludge from the treatment plant effluent
from a textile company in the region of Joinville, Santa Catarina, showed no toxic characteristics to the environment.
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1. INTRODUCTION

The textile industries are a major factor in tha#lian economy and the State of Santa Catarina lggieat number
of these industries, some of the most importarthisf sector in Brazil, operating mainly in the i@giof Itajai Valley.
The predominant economic activity in the regionjoinville is rooted in the industry, divided maintytextile, plastic
and metal mechanic. Increased industrializatiorthien last decade has resulted in a significant as@ein waste
generation.

According to Oliveira (2002), the solid waste ismajor problem threatening life on planet earthwadl as it
pollutes the soil, water and air, it also attraotgmals as carriers of disease. According to Tenand Espinosa (2004)
the more conventional classification of solid wastiees into account the origin of the waste thay tra urban, health
services, ports, airports, bus and rail, agriceltwmadioactive, and industrial debris. The Branilidssociation of
Technical Norms (ABNT) NBR10004 defines industsalid waste any waste in solid or semisolid mategaulting
from industrial activities, including certain ligls and sludge whose characteristics make theirchaimfeasible in
public sewers or water bodies. According to Tenand Espinosa (2004) industrial waste can vary fé@dnto 75% of
waste generated in an industrialized area.

It identifies that the responsibility for the mamagand fate of this waste belongs to the industiiiat generate it,
so industrialized societies are constantly beimged to fit the changes of guidelines for the mamagnt of sludge and
waste. Thus, the industries seek the perspectiwisthinable development, making it necessary veldp effective
methods to replace the simple disposal of thesendustrial landfills. From an economic standpoitite waste
generated by industry besides being considereceveast affect the image of the product. Seekinghéw production
perspectives, concepts and definitions are predeiités possible to mention the example of a sggtbased on the
ideas of Natural Capitalism: the biomimicry. Hawkén Lovins and L. Lovins (2002) define biomimicioy the reduce
of the waste of material, modifying industrial pesses, materials eliminating toxicities, allowiranstant recycling.
Textile industries to suit the new reality are afiag production processes in order to reduce the@@mental impact.
In addition, the possibility of recycling the wastensidered inevitable contributes to this goaldhyninating the
emission of substances into the environment. Astifies Almeida (2006), the main pollutants in tieatile sector are
present in wastewater. The analyzed company devé®products from the textile finishing phase ebhconsumes a
relatively large volume of water that can be bicdelgble and not biodegradable. It can be foundolistants of this
sector organic substances (starch, dextrin, sgligtose, greases, pectin, alcohol, acid skepsoalps and detergents),
inorganic chemicals (sodium hydroxide, carbonatéfate and chloride), sometimes composed heavylsétach as
chromium, cobalt, copper and zinc) in addition tologenados organic compounds and detergents tdh&sac
(ALMEIDA, 2006). It is observed that the characttic of sludge generated is directly related to pineduction
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process, in this sense, it is necessary to idetitéycharacteristics of the waste generated tmeldfie most appropriate
destination. Based on this statement is that irésented the main objective of this study: to ati@rize the residual
sludge from an industry of the textile sector, whiroductive stage is characterized by the phasermpletion, aiming
at the feasibility of using this material as a f&edk for the production of red ceramic.

2. MATERIALS AND METHODS

To perform the characterization, it was collectdutige from the process of decantation and filtexsprof the
Effluent Treatment Station (ETE) of a textile compan the region of Joinville. The analysis of X(rfluorescence
(XRF) of the residue was performed at the LaboyatdrCeramic Materials, in the State UniversityRdnta Grossa
(UEPG), in Ponta Grossa, Parana. The thermal dsaysl the X-ray diffraction (XRD) were performetl the
Laboratory of Materials Characterization, in that8tUniversity of Santa Catarina (UDESC), JoinyiBanta Catarina.

To conduct the toxicity test were used sludge agd ased for red pottery making town of JoinvillEhe test was
conducted at Biotechnology Laboratory of the Unsitgrof Joinville Region (UNIVILLE), Joinville, Saa Catarina.

Initially, it was performed a preliminary analysiwaste in order to obtain their classificatior@eling to standard
ABNT NBR10004/04.

For all elements studied, were preparation made agp&hing the sample separately, as described ind&td
Methods for Examination of Water and Wastewateh Zition.

The FRX analysis of the sludge was performed with $himadzu equipment EDX-700 model. This analysis
chosen to perform the chemical characterizatiosledge. To identify the crystal structure of thedgle it was used
Shimadzu diffractometer (XDR 6000) with tube X-t@ypper, voltage 40 kV and 30 mA current. The regdwas held
in the axis direction of @ between 5 ° and 80 ° with a speed of 2 ° / mine Bludge was also subjected to
thermogravimetric (TGA) and differential term (DTApalysis to evaluate the thermal behavior of trepde of sludge
in a brand thermal analyzer Netzsch, model STA 44@9@ter which operates under an argon flow (30/miin ) for
heating and of a protective gas of nitrogen ata of 15 ml / min. The heating rate was 10 ° dn ap to maximum
temperature of 1200 ° C. The mass of the sludg@kkansed for thermal analysis was 28.55 g.

2.1. Fabrication of test samples for toxicity testig

To conduct the toxicity test it was used test apetis molded with the highest concentration of stuelgaluated in
this project, which is 20% of sludge, burned aemperature of 800 ° C. The mechanical tests weatueted in the
compositions of 10, 15 and 20% of sludge in thesrat argil and at the temperatures of 800, 9000 Hhd 1150 ° C.

The test specimens, with dimensions of 70 x 30 mrh were molded using the procedures indicated by th
Brazilian ceramic industry.

To check the toxicity it was evaluated temperatdissolved oxygen (DO), conductivity and PH of thativation
medium of the microorganisms Daphnia Similis arsb @f soluble materials.

It was performed the test for acute toxicity usingolubilized material as described in the NBR B)Oprocedure
for obtaining solubilized extracts of solid wastiewas prepared 6 concentrations of soluble, wizefer argil, 2 for
sludge and 2 for the composite of 20% sludge eneéh clayey mass.

During tests, microorganisms are exposed to diffeowncentrations of solubilized material , cormsting to
different concentrations (0.01 %,01% , 10% and %)0

The dilution water used was the water of mainteaasfc bodies in the lab. On the day before thestastigerous
females of D. Similis (maintained in culture thréugfood for 105 cells / mL of algae) have been szted for
obtaining neonates aged less than 24 hours.

For each dilution it was used 20 Daphnia Similicnmorganisms. It was performed four duplicates ache
treatment, each duplicate containing five microargim. The duration of each test was 48 hours ama ditainers that
were used are beakers with 200 ml. It was not nedewal of the solution, ie, of the solubilized atiee maintenance
water of the bodies Daphnia similis. During thegghe organisms were kept without food at a teatpee of 20 + 2 °©
C.

After the test period was conducted to count thgigor microorganisms and the results expressqibicentage of
organisms killed or immobilized in each treatmeAll. data were treated statistically using the Tukegt with
significance level of 5%.

3. RESULTS AND DISCUSSION

The analysis for classification of the waste showmat the sludge according to the Annex A of NBR0OA4'2004,

waste from sewage treatment plant effluent, althowghin acceptable limits by the standard, shchddregarded as
toxic waste. Thus, according to the analysis restileaching, the sludge cake of this textile indydas indicated
values within the acceptable and their classificais given as class Il A.
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3.1. Material characterization

The FRX analysis is presented in Figure 1, compaigd the chemical composition of argil used instork. In
this figure, it is possible to verify similaritiesetween the chemical compositions, indicating tlosspbility of
incorporation of the sludge to the argil.
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Figure 1. Comparison of the chemical compositiothefmaterials.

It can be observed that the sludge has predominantiee chemical composition of silicon oxide (S)Cénd
alumina - AI203 as well as the argil. The sludge aaomposition more diverse, the high conceomaif magnesium
oxide and calcium, can be related to the use aitipeoducts in the process of wastewater treatafehe company.

The diffractogram of the sludge shown in Figurén@ves characteristic peaks of crystalline phasearitbe said that
there are crystals of alumina (Al203) and quart®g3. It observes the occurrence of lime (CaO) use@duce the pH
in the physical chemical treatment, titanium ox{d@02) and potassium oxide (K20). The minerals tffezd are
presented compared with patterns from the datatifase International Center for Diffraction DatéGDD.

The argil has a crystalline structure more defiimetklation to sludge, with the predominant preseaf the peaks
of kaolinite and quartz. This condition is congigtevith the analysis of X-ray fluorescence (XRFhigh presented
more than 90% of its composition silica oxide (SiO@luminum oxide (AI203), which consequently résdlin
predominant peaks of quartz and kaolinite
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Figure 2. Diffraction spectrum of X-ray of the sted
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The thermal analysis of the sludge can be seenignré& 3 through thermogravimetric analysis (TGA)an
differential scanning calorimetry (DSC).
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Figure 3. TG Sludge (A) and DSC sludge (B).

The TG curve observed in Figure 3 was treated lydd¢l Proteus ® software and shows three stagessf loss.
The first stage occurs at about 100 ° C and caattbibuted to loss of absorbed water in the sluégepunting for
approximately 5% of the mass loss of sample. Therststage, which has the highest weight loss (a®2W) occurs
in the temperature range (280-500 ° C), indicatiigh heat loss, which is probably associated withh ftontent of
organic matter contained in the sludge. The thiages occurs around 700 ° C, associated with lo$gydfoxyl groups
during the transformation of kaolinite into metakQa.oThis reaction may be responsible for a mass lof about 7%. At
the end of the experiment, left 43% residue incthible, referring to the inorganic material tdad not degrade in the
temperature range studied (up to 1200 ° C) andbeaattributed to the presence of oxides of alumsilagon and
titanium, identified at XRD of this project. Monteiet. al. (2008) in the study of textile sludgeGiitaca fields also
attributed the mass loss occurred between the tatypes 520 ° C and 600 °© C for the transformadibkaolinite into
metakaolin. This event was also checked by Corteale (2006), when studied clays in the regionJofnville,
assigning the same transformation, the occurrehaa endothermic peak temperature of 600 ° C.

The DSC curve shows an endothermic peak at 100 &c€ording to Rodrigues (2002) refers to the proads
dehydration of the material in the same region afewloss obtained by TGA. In about 340 ° C theran exothermic
peak, which may be linked to oxidation of organiatter. Moreira et. al. (2001), which evaluated tiwile sludge for
manufacturing building materials by DSC, observwed exothermic peaks at temperatures of 300 and°600and
attributed to oxidation of organic matter containedhe sludge. The endothermic peak which occuateout 610 to
700 ° C, occurs at the same temperature rangeedfahsformation of kaolinite into metakaolin, denattributed to the
same event. The peak at about 910 ° C may corrdsfothe beginning of the process of sintering iieterial,
represented by the beginning of the formation ofliteu Correia et. al. (2006), when studied clayshe region of
Joinville (SC), associated with the event occurr@ga temperature of 980 © C, as the beginningh@fformation of
mullite. Monteiro et. al. (2008) in the study oktiéee sludge of Goitaca fields also attributed #weothermic peak
temperature of 932 ° C the dissociation of metdkaaiitiating the formation of mullite.

Thermal analysis of the sludge showed similaritywents in other studies carried out with sludge elay. This
condition reinforces what is technically possildértcorporation of the sludge in clay.

3.2. Toxicity tests of materials

Table 1 shows the results of find parameters ofstiilabilized products and to mode cropping priotesting for
toxicity.

Table 1. Parameters of solubilized product evatlbtfore the toxicity test.

Solution Temperature OD Conductivity PH
Solubilized clay 27,3°C 4,5 34,11 mic / cm? 5,2
Solubilized sludge 24,9°C 47 3,250 ms/cm? 6,94
Solub. composed of 20% 25,8 °C 5,2 80 mic / cm? 6,4
Mode Cropping 24,3 °C 5,6 200 mic / cm? 7,2
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Table 1 showed that there is great variation incireductivity of each solution. This condition mdstectly affect
the outcome of the analysis. The temperature, Wisdmxygen (DO) and pH had little variation.

Table 2 shows the results of parameters found @fpttoduct solubilized of clay in nature, sludgenature and
compost with 20% of silt incorporated in clay aftlee test of toxicity.

Table 2. Parameters of product evaluated aftesdhgilized toxicity test.

Solution Dissolves Temperature oD PH
Solubilized clay 10 % 24,9°C 42 |58
Solubilized sludge 10 % 24,9°C 4,4 |6,09
Solub. composed of 20% 10 % 26,3°C 44 15,8
Solubilized clay 100 % 25,3°C 4 6,15
Solubilized sludge 100 % 25,3°C 1,7 | 6,76
Solub. composed of 20% 100 % 26,3°C 4,3 ]6,15

According to the data of Table 2 shows that theses w significant reduction in dissolved oxygen (D@Yhe
treatment using 100% of the solubilized sludgesTandition is very detrimental to survival of ndorganisms.

Table 3 shows the results of the count of micronigya surviving of treatment of the solubilized puotifrom the
clay in nature.

Table 3. Count of microorganisms surviving the/00001 / 0.1/ 1/ 10/ 100% and with four duplesbf the
solubilized of clay.

Solubilized of clay 0,01 % 0,10% 1,00 % 100 %
Population 5 5 5 5 5 5
Survivors after 48 hours 4 5 4 4 5

Survivors after 48 hours 5 4 5 5 4 4
Survivors after 48 hours 3 4 4 5 5 5
Survivors after 48 hours 4 4 4 5 5 4

The results shown in Table 3 show that the matsoalbilized from the clay does not have toxic eleteristics.
Even when placed microorganisms directly on thHeti®m from solubilized of the clay, it was founidat the mortality
rate has no significant difference compared to iagipened to the solution of the mode cultivation.

Table 4 shows the results of the count of micromigya surviving treatment of the product solubilizefdsludge in
nature.

Table 4. Count of microorganisms surviving the/00001 /0.1 /1 / 10/ 100% and with four duplesbf the
solubilized of sludge.

Solubilized of sludge 0,10 % 1,00% 10% 100 %
Population 5 5 5 5 5 5

Survivors after 48 hours

Survivors after 48 hours

Survivors after 48 hours

EEN BN N (6]
HIbh JO D
o jor jJo1 |
W IIN |~ W
o |o |o |o

Survivors after 48 hours

The results shown in Table 4 show that the solzdyli material of the sludge has toxic charactesstic
Microorganisms when placed directly into the salntfrom the solubilized sludge, ie, without dilutiavith mode
cultivation, it was found that the mortality rateasv100%, indicating a significant difference conegato what
happened to the solution of the mode cultivatioor. dlution, using 10% of the sludge solubilizedtie solution of
mode cultivation, there was still significant diéaces between the compositions, but can not bsidened a toxic
material.
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With the objective to evaluate the maximum perogataf dilution of solubilized of the sludge in teelution of
mode cultivation, was performed a battery of neststeising dilutions of 0, 10, 12, 15 and 20% adoortb table 5.

Table 5. Count of microorganisms surviving the 010 / 12 / 15/ 20 / e 50 % and with four dupiésaof the
solubilized of sludge.

Solubilized of sludge 0% 10 % 12% 15% 20 % 50 %

Population 5 5 5 5 5 5
Survivors after 48 hours

Survivors after 48 hours

Survivors after 48 hours
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The results in Table 5 showed that the maximumepeage for the dilution of the solubilized of tHedge is 10%,
when measured as the dilution of 12% and had ahighymortality rate, indicating toxicity of the mposition .

Table 6 shows the results of the microorganism taumviving of treatment solubilized the product thie
compound with 20% sludge incorporated into in elaynass, after the processing of it, burned at°’8D0

Table 6. Count of microorganisms surviving the 00001 /0.1/1/10/e 100 % and with four dcgtes of the
solubilized of sludge.

Solubilized compost 0,10 % 1,00 % 100 %
Population 5 5 5 5 5 5

Survivors after 48 hours

Survivors after 48 hours

Survivors after 48 hours
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The results shown in Table 6 show that the matsghlbilized compound with 20% of sludge does ratehtoxic
characteristics. Even when placed the microorgasidinectly in solution from solubilized of the claywas found that
even with a significant difference compared to whebpened to the solution of the mode cultivattba, mortality rate
does not characterize a toxic waste.

4. CONCLUSIONS

Through these results it is concluded that:
= The chemical composition of the sludge has sintylarith the chemical composition of clay;
= The sludge has a greater amount of organic wastenwompared with the clay and this fact direcffeas the
mass loss due to the action of the firing tempeeatd the material;
= The sludge generated in the process of decantatioinfilter press of treatment station effluent frantextile
industry, show in the results of toxicity that hexsic characteristics when analyzing the sludgeature.
= Can verify that the incorporation of ceramic sludti¢ not change the classification of ceramic conmab Thus,
through this analysis of toxicity, it can be statkdt the incorporation of sludge in clay in thegortions indicated in
this project does not alter the environmental ottarsstics of red ceramic.
= Through the characterization of raw materials, diswiound that it is possible to incorporation oftite sludge in
clay for the manufacture of tiles, blocks and sblittks, when used in the procedures and amountsrsin this work.
= The incorporation of sludge from a sewage treatrpémit effluent textile can be a viable approacimibgate the
environmental problems caused by industrial sobcte.
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