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Abstract: Nowadays, with increase amounts of sludge derived from the treatment of domestic 

sewage put pressure into research on systems for the adequate use of these materials. The aim of the 

present work is to study the use of sludge ash, from sintering and calcinated process, as a raw 

material for the ceramic industry. Using the sewage sludge ashes as ceramic raw material there will 

be no contamination of soil and underground water. Metals and toxic compounds like Al, Fe, Ba, 

Cr, Cu, Mn and Zn oxides were analyzed and characterized by X-ray fluorescence (XRF), scanning 

electron microscopy (SEM) and plasma emission spectroscopy (ICP-OES). The leached material 

was chemically analyzed where the integration of oxides into the ceramic matrix of sludge ash was 

observed. Residual decomposition was analyzed by TG, DTG and DTA curves. 

Introduction 

 With more stringent environmental and legislative constrains, increasing sludge production 

and limited disposal options have been pressing both environmental specialists and engineers to 

develop new alternatives routes for sludge disposal. 

 Generally, the selection of the best disposal route for the sludge from a particular treatment 

plant should start by identifying the most secure and environmentally acceptable final destination 

for the sludge [1]. Nowadays this is achieved in several ways, such as incineration, landfilling and 

use in the agriculture although all existing methods have severe limitations. These limitations may 

be attributed to the different physical states of water associated with the sludge and could be 

reduced with new techniques such as thermal processing and dewatering using electrokinetic 

geosynthetics (EKG). The last is responsible for producing dry solids contents in excess of 30% 

[2,3,4]. Yet, drying also increases the calorific value of sludge and offers greater potential for its use 

as an autothermic fuel [3,5]. 

 It has been reported co-firing of dried sludge in the cement works. An advantage is the 

similar chemical composition of ash from sludge and from cement raw material [1,4]. It has also 

been reported the use of sewage sludge ash (SSA) in building industry [1,6,7]. High temperature 

thermal conditioning of sewage sludges turns out to be an efficient process for their stabilization 

and hygienization [2,8]. It has been shown that in brick production, the heavy metals are bound in 

the matrix of the brick and are not leachable (during and after use) besides the fact that during the 

firing micropores are formed resulting in thermal and acoustic insulation properties [1,10]. This fact 

has been confirmed in recent studies [10,11]. Yet, bricks made from clay mixed with sludge are 

reported indistinguishable in both appearance and odor from conventional bricks [1]. Although 

some environmental problems in relation to the gaseous emissions may appear during firing of 

ceramics, they can be corrected by improving the treatment of urban wastewater, by means of 
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technologies of gas purification and post-combustion such as venture scrubbers, electrostatic 

precipitators and ionizing wet scrubbers [1,7]. 

 With the increasing concern over the disposal of sludges onto agricultural land, in addition 

to landfilling constrained and disposal to sea facing a ban, it seems obvious that the recovery of 

sewage sludges as a building and construction material can be considered as an important step in the 

right direction [1,9]. 

 Much has been said about environmental issues and reuse of sewage sludge. However, there 

has been little work reported on oxide integration. Therefore, the aim of this work was to observe 

through SEM, XRF the integration of these oxides into the sintered ceramic matrix of sludge. 

Materials and methods 

 Sewage Sludge 

 The sewage sludge utilized was obtained in the Sorocaba wastewater treatment plant, 

localized in São Paulo state, which mainly collects domestic wastewater. Around 4Kg of a 

calcinated sample (with addition of lime) was obtained. The sample contained two kinds of cationic 

polymer (used as conditioner): PRAESTOL
®
 852 BC and 857 BS, both produced by Newbury SA. 

It was dried at 110°C until reaching constant weight. After drying it was ground and screened 

through a 0.075 mm nylon screen (200 mesh) for powder obtaining from sludge. A portion of this 

sample was fired in a ceramic furnace until a peak at 1050°C. 

 Analysis and characterization 

 The X-ray fluorescence spectrometry (XRF) was performed using a Philips-PW 2510 

spectrometer with tube type PW 2592/15 Rh and molten pastilles with Lithium Metaborate and 

Lithium Tetraborate to determine oxides present in the sludge sample fired at 1010°C. The 

Scanning Electron Microscopy (SEM) was done on a Cambridge Stereoscan 240 model with 

secondary electrons detector. For this analysis the sample was sintered at 1010°C for 3 hours until a 

peak of 1050°C. 

 Differential Thermal Analysis utilized a SDTQ600 TA-Instruments with horizontal furnace 

up to 1500°C and high definition TG/DTG/DTA, in platinum crucible with air as sweeping gas at 

100 ml/min and heating rate of 10°C/min from 25°C to 1000°C. Thermogravimetric (TG) and 

differential thermal analysis (DTA) curves were obtained though equipment software. 

For metals extraction a 0,1M HNO3 solution and distilled water were used in a 50:1 rate 

(solution/ash sludge). After shaking for 1 hour [12] concentrations of Al, Ba, Cr, Cu, Fe, Mn, and 

Zn were measured with ARL-3410 Inductively Coupled Plasma Optical Emission Spectrometer 

(ICP-OES) from Applied Research Laboratories. 

 

Results and discussion 

 As shown in Table 1, oxides were found on both samples analyzed. Sewage sludge ash 

(SSA) was obtained after a thermal treatment with a peak at 1010°C. Due to decomposition of 

metals during the incineration oxide formation occurred. 
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Table 1 - Oxides determined by XRF analysis. 

Oxides Raw material (%) SSA (%) 

SiO2 10,2 26,39 

Al2O3 4,18 12,16 

MnO 0,04 0,11 

MgO 5,46 14,11 

CaO 9,89 23,25 

Na2O 0,15 0,37 

K2O 0,62 1,32 

TiO2 0,29 0,81 

P2O5 2,81 8,44 

Fe2O3 2,28 5,92 

 The Scanning Electron Spectrometry (SEM) results of the sintered sample are shown in 

Figures 1 and 2, with magnitude of 500 and 2000 respectively. The micropores observed in the 

SEM results were probably formed due to expansive strength of gases present in the samples. The 

medium grain size is approximately 72 µm. 

The Tables 2 and 3 shown results of the dried and sintering sludge sample, of the acid 

extraction and solubility water measured by inductively coupled plasma optical emission 

spectrometer (ICP-OES). 

                    Table 2: Acid extraction, with 0,1M HNO3 and pH=0,97, values in (mg/L). 

 

 

 

 

 

                             Table 3: Solubility in distilled water, data in (mg/L). 

 

 

 

 

 

 

Elements 110°C 1050°C 

Cu 0,201 1,735 

Fe 0,468 0,677 

Mn 0,129 2,65 

Zn 1,589 2,792 

Ba 0,018 0,922 

Cr 0,003 0,016 

Al 0,171 5,279 

Elements 110°C 1050°C 

Cu 0,072 0,001 

Fe 0,036 0,231 

Mn 0,028 0,001 

Zn 0,423 0,001 

Ba 0,001 0,001 

Cr 0,003 0,018 

Al 0,002 0,056 
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 In order to obtain a thermic evaluation of the dried material in different conditions 

thermogravimetric analysis has been made from 105ºC until 1000ºC. Curves are shown below in 

Figure 3. During all the process 65,72% of the weight material was lost. 

 

Figure 1 - Sintered sludge at magnitude 500. 

 

Figure 2 - Sintered sludge at magnitude 2000. 
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Figure 3 - TG/DTG/DTA curves at 10ºC/min rate. 

 It’s notable a significant loss of mass in the first peak due to residual humidity followed by 

other at 425ºC, both represented by DTG curves. The endothermic characteristic of the first DTA 

curve represents energy expenditure. Figure 4 shows a DTA curve of an ultra-pure aluminum 

sample which it’s used to obtain a transformation factor from DTA area. Thus the weight loss of 

65,72% resulted in a LHV of 18,16 MJ/Kg. 

 
Figure 4 - Ultra-pure aluminum sample DTA curve. 
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Conclusions 

 By association between metallic oxides and matrix ceramic it was possible to show the 

effectiveness of thermal treatment at high temperatures in insolubilization of heavy metals at high 

temperatures. Some advantages of the SSA usage in building industry are lessens aggregated value 

due to waste existence, minimization of local environmental impact, it avoids the landfill 

disposition and can be used by the government in public buildings construction. 
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