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1. Introduction- The fabrication of Product from waste is an advantage that may give the manufacturer a 

highly competitive position in the market due to economic issues involved and the opportunity [1] of 

marketing this principle particularly with regard to the ecological. The wastes may be used to replace 

conventional flux materials,  with the advantage of controlling the plasticity and shrinkage of the ceramic 

body without producing any negative effect on the product properties, and allowing sintering at low 

temperatures, thus resulting in energy conservation [2; 3]. In recent years, scientific issues related to 

environmental preservation have acquired great importance and the major challenge to be met, is the 

recycling of materials discarded, causing various damages to environment by technological development 

through a disposal of waste. This paper offers a possibility of recovery of waste and byproducts of paper 

manufacturing (paper sludge) and their use as an addition for obtaining a new formulation of ceramic tiles. 

The raw materials, paper sludge and clay were mixed together in different proportions. The ceramic samples 

were characterized with respect to water absorption, the porosity, the linear shrinkage and rupture strength. 

A new formulation was carried using four mixtures (M1, M2, M3 and M4) where feldspar (FT) was 

substituted by waste sludge (SP). Substituting FT per paper wastes, the rate of FT is reduced by 50%, 

thereby improving the rheological properties and physic-mechanical ceramic tiles. The influence of the 

paper sludge on physical-mechanical properties of final fired product has been studied. Paper waste has 

proven to be a good raw material and the corresponding formulations were shown to be viable and 

acceptable in the manufacture of ceramic tiles. 

 

2. Material and Methods - The selected wastes are sludge from the Company Stationery and cardboard 

Saida "PAPCAS" (Western Algerian region). The mixtures were prepared with the raw materials, according 

to predetermined amonts. The study is carried out using combinations of various types clay (yellow clay 

(YC), gray clay (GC), ordinary clay (OC) hereafter called YC, GC and OC respectively), which are added 

the FT and the sand (SB) from TIMEZRIT (Eastern Algerian region) and BOU SAÂDA (Southern Algerian 

region) respectively. The elementary chemical analyses were carried out with X-ray fluorescence 

spectrometer PW2540 type, Vrc, Dy-1189. The mineralogical analyses were carried out in a diffractometer 

type X’Pert Pro Detector X’celerator, Dy-2233-0525. Particle size analysis is performed by pipette 

"Robinson". The method used is a wet process The research protocol is based on 04 types of mixtures (M1, 

M2, M3 and M4).The Feldspar was substituted by the paper mill sludge of waste. The pressing is done 

using a hydraulic press semi automatic type Gabrielli 262367. The drying of tiles is performed, at a 

temperature of 110°C, in an oven of laboratory Memmert type. The cooking of ceramic tiles is carried out 

in a muffle oven model: N200A at quick-cooking, type NR: 55269, according to three cooking 

temperatures: 105, 1100 and 1150°C, with a temperature landing of 45 min. The mechanical strength is 

determined by a device force - Model: 424 CRAB Type Gabrielli 

 

3. Results and Discussion The chemical analysis of the raw materials was determined by X-ray fluorescence 

analysis.   From analysis we find that the clays body YC, GC and OC, high levels of silica, the absence 

practically of calcium oxide and the low levels of magnesium oxide. It is observed that the predominant 

elements in the two clays have a content almost identical among which we mention: SiO2, which must 

come from different 

mineral origins (Feldspar, muscovite and tourmaline) or of free silica. The results of mineralogical analyses 

are in accordance with chemical analyses. The results show a predominance of a mineral inter laminate 

consisting of montmorillonite and illite, the clay fraction consisting. The micrograph to Feldspar deduced 

from  Morphology of raw materials shows a predominance of large aggregates belonging to alumina. The 



Feldspar is surrounded by spaces inter granular which consist mainly of aggregates belonging to silica 

which are added to his neighborhood of small particles which includes specific components of Feldspar, 

namely the potassium and sodium. In order to determine rheological properties, a mixture of 04 preparations 

M1, M2, M3 and M4 were developed. The strength values on raw, dried and fired material are shown in 

Figure 1. Considering these values, we notice that the M3 mixture composed of 15% waste paper gives the 

best resistance to the raw, dried and fired at a temperature of 1100°C (Figure 3). Increasing the temperature 

to 1150°C, overcooking occurs resulting in a decrease in resistance accompanied by a partial melting of the 

constituents of the ceramic tile. From the values of absorption (Figure 1) of mixtures M2 and M3, we can 

noted  that in the mixture M2, the tiles are less absorbent and less porous and their mechanical strength is 

lower. As mentioned above, the mixture contains more waste M3 acting as flows that produce a quantity 

of liquid phase due to their higher content (15%). This is what gives M3 mixture a greater mechanical 

strength, and be chosen as optimal formulation for the ceramic tiles manufacture. 

 

Figure 1. Flexural strength and water absorption of the various mixtures versus in wastes paper sludge                                 

content and the firing temperature 

4. Conclusion and Recommendations - We are interested in recovering sludge from the treatment of paper 

mill effluents and their use as additions into the mass for ceramic tiles manufacturing. The mineralogical 

composition of the sludge shows the presence of significant levels of alkaline - earth elements type dolomite 

and calcite. These chemical compounds have played a role of flux in the masses for ceramic products 

elaboration. The ceramics industry has always used the Feldspar as main source of flux elements. Because 

Feldspar (FT) is a non-plastic material that is very tough, its mechanical treatment is often the cause of 

damage of equipments which requires a good crushing and grinding of the flux. Moreover, the replacement 

of 50% of FT by waste paper (PS) has allowed the improvement of the properties of ceramic tiles and 

obtaining a new formulation. 
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