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Abstract The imposition of more stringent legislation by

CETESB in the State of São Paulo (Brazil) governing the

disposal and utilization of sewage sludge, coupled with the

growth in its generation has prompted a drive for alternative

uses of sewage sludge. One option that is especially prom-

ising, due to its potential to valorize sludge, is its conversion

into carbonaceous adsorbents or coke for industrial effluents

treatment. Thus, a methodology is presented to estimate the

coke produced from the sludge of a sewage treatment station

using thermal analysis. The used sewage sludge, which

comes from aerobic treatment, was collected in the waste-

water treatment station of Barueri, one of the largest of the

São Paulo metropolitan area. The sludge samples were

collected, dried, ground, and milled until they passed an

ABNT 200 sieve. The inert ambient used during its thermal

treatment produces inorganic matter and coke as residual

materials. Coke formation occurs in the 200–500 �C range

and, between 500 and 900 �C, its thermal decomposition

occurs. The highest formation of coke occurs at 500 �C.
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Introduction

The requirements of governmental legislation for the dis-

posal and use of sewage sludge coupled with the increase

of their generation and decreasing acceptance of traditional

routes for their disposal have led to a search for new

alternative uses for sewage sludge [1].

The most common methods for disposal or treatment of

sewage sludge are landfilling, agricultural application, and

incineration, none of which are exempt of environmental

problems [2]. The presence of heavy metals in wastewater

sludge, with the risk of proliferation of disease-carrying

insects limits its use in agricultural application as a fertil-

izer [3, 4].

Disposal of sewage sludge through landfilling should be

avoided as it does not allow the use of soil for agricultural

use and decreases landfills service life. Incineration reduces

the volume of sludge but it is costly and generates emis-

sions into air, soil, and water [5].

As the generation of sewage sludge increases yearly and

nature can not eliminate this pollution, many rivers have

become open sewers, such as Tietê, Piracicaba and many

others in Brazil. Therefore, the largest urban centers

established sewage treatment stations to solve such prob-

lems. However, the treatment ends up causing another

problem to society and the environment: the huge amount

of originated sludge [6].

For the metropolitan region of Sao Paulo for 2013, a

production of 890 tons per day of sludge is estimated [7].

For the final disposal of this sludge, the wastewater

M. M. Viana (&) � M. B. M. Melchert � P. M. Buchler

Chemical Engineering Department, São Paulo State University,

Avenida Professor Luciano Gualberto 380, São Paulo,

SP 05424-97, Brazil

e-mail: celo_viana@yahoo.com.br

L. C. de Morais

Sorocaba Experimental Campus, Paulista State University, Av.

Três de Março, 511, Alto da Boa Vista, Sorocaba, SP 18087-180,

Brazil

e-mail: leandrocmorais@yahoo.com.br

J. Dweck

School of Chemistry, Rio de Janeiro Federal University, Bloco E

do CT Sala E206, Rio de Janeiro, RJ 21949-900, Brazil

e-mail: jodweck@yahoo.com.br

123

J Therm Anal Calorim (2011) 106:437–443

DOI 10.1007/s10973-011-1392-1



treatment station from the metropolitan region of Sao Paulo

recommended sending the sludge to landfills, areas of

reforestation, fertilization in agriculture, and its incinera-

tion, producing biogas.

Although, these sludge disposal solutions may provide a

momentary tranquility feeling, they might afterward cause

severe environmental problems; hence, whenever possible,

the use of this waste material properties and characteristics

must be attempted to turn it into a resource [8].

Recycling is the best way, from the economical and

environmental point of view, among the present solutions.

As ways to reuse the residue, it is possible to highlight

agricultural fertilizer in accordance with existing laws, as

raw material component in cement production and ceramic

industry (bricks, tiles, and pavement) and the use of its

organic content calorific power [9, 10].

Recently, another potential alternative, due to its ability

to valorize the sludge, is the conversion of this residue into

a coke adsorbent material [11]. Coke sludge results from

thermal decomposition of its organic part and is produced

by heat treatment of sewage sludge in inert atmospheres at

temperatures above 300 �C [12].

The solid residue of pyrolysis (coke) contains carbona-

ceous material as the product of the cracking reactions that

take place during thermal treatment in inert atmosphere

[13]. The coke produced can be used as adsorbent material

for liquid and gaseous pollutants [14]. As there is currently

a growing interest not only in using low-cost materials with

adsorptive properties but there is also a growing concern

about the reuse or recycling of waste and other such

materials, the production of coke adsorbents from sewage

sludge combine these two purposes of environmental

research [15].

A methodology is presented in this article to quantita-

tively estimate the produced sewage sludge coke, by using

thermal analysis. The sewage sludge used in this study

comes from aerobic treatment and was collected in the

treatment station of Barueri, one of the largest in the São

Paulo metropolitan area.

Materials and methods

Sample preparation

The sludge samples were collected, dried at 110 �C to con-

stant weight, ground, and milled before analysis. Figure 1

shows the sewage sludge before preparation (SSBP),

collected from the sewage treatment plant of Barueri, and

after the preparation (SSAP), from which the samples were

used in thermal analysis.

As sewage sludge is a very heterogeneous material, it

was ground and milled, passed an ABNT 200 sieve to

decrease the size of its particles and increase their contact

surface, making the sample more homogeneous and thus

more representative [16].

Thermal analysis

The analyses were performed in a simultaneous TG-DTA

equipment, TA Instruments, model SDT Q600, with a

10 �C min-1 constant heating rate from 25 to 1,000 �C. Air

or nitrogen was used as purge gas at a 100 mL min-1 flow

rate. About 6.5 mg of SSAP were used in platinum pans in

each analysis. The TA Instruments software provides the

TG, derivative thermogravimetry (DTG), and differential

thermal analysis (DTA) curves.

Sewage sludge coke estimation

Three runs were performed in air atmosphere and three in

nitrogen atmosphere. To estimate the amount of coke, we

started from the assumption that at a given temperature

‘‘T’’, the SSAP analyzed in air loses the residual water and

other products arising from the decomposition of inor-

ganic materials, the decomposition and burnout of organic

matter is complete and only the inorganic oxides remain

in the residual mass at the end of the thermal analysis

[17, 18].

Fig. 1 Sewage sludge samples

before preparation (SSBP) and

after preparation (SSAP)
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The SSAP analyzed in nitrogen atmosphere loses the

same products as the previous case for the inorganic con-

tents, but the organics are pyrolysed this time, forming

coke as residual carbonaceous matter. The coke formed at a

given temperature ‘‘T’’ is estimated by the difference of

respective residual masses in air and nitrogen at T.

Characterization by elemental analysis

The carbon, hydrogen, and nitrogen contents were deter-

mined by elemental analysis using a LECO equipment,

model CHN 1000 with automatic sampler.

The analyses were performed using two sewage sludge

samples: the first was SSAP, and the second was the same

sewage sludge but after submitted to pyrolysis up to

500 �C (SSAPP).

X-ray diffraction characterization

These analyses were performed by the powder method,

through the use of a PANalytical X-ray diffractometer,

model X0Pert PRO with X0Celerator detector. The analysis

operating conditions were: Cu as the source of X-rays,

energy 45 Kv 9 40 mA and the measurements were done

within the range of 2h from 4� to 70�.

The identification of crystalline phases was obtained by

comparing the diffractograms of the sample with the dat-

abases of PDF2 ICDD-International Centre for Diffraction

Data 2003 and PAN-ICSD-Inorganic Crystal Structure

Database PANalytical 2007.

Results and discussion

Thermal analysis

Figures 2 and 3, respectively, show the TG, DTG and DTA

curves of SSAP sewage for the three runs in air and

nitrogen.

Taking as reference the initial respective SSAP mass,

mass losses up to 1,000 �C were estimated for samples in

air and in nitrogen. Table 1 presents the calculated values.

As can be seen the average total weight losses up to

1,000 �C in air and in nitrogen are similar, indicating that

the coke was decomposed in both atmospheres. Thus, when

the sludge is analyzed in air or nitrogen up to 1,000 �C, the

loss of its organic part occurs, and inorganic oxides remain.

To better understand how coke formation occurs, several

temperatures were used to determine the residual mass in

nitrogen and air atmospheres to estimate, by their differ-

ence, the amount of coke formed at each temperature in the

former case.

Sewage sludge coke estimative

Figure 4 shows comparisons of TG curve of the SSAP in

nitrogen and air for all three runs.

From TG curves of the three run presented in Fig. 4, it

can be seen that the residual mass of SSAP at 1,000 �C in

air and nitrogen are nearly equal and, checking other tem-

peratures, the thermal degradation of SSAP is verified to

occur more rapidly in air. The residual masses in air and

nitrogen for three runs for some temperatures were obtained
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Fig. 2 TG, DTG, and DTA

curves of SSAP for the three

runs in air
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from their respective TG curves. Table 2 presents an

illustration, for the first run, of how the coke formed at these

temperatures can be estimated, by the difference of

respective residual masses of SSAP in air and in nitrogen.

By using the Universal Analysis 2000 software, version

4.7a, supplied by TA Instruments, estimates of the formed

coke for all analysis temperatures for the three tests were

done by subtracting their respective TG curves in air from
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Fig. 3 TG, DTG, and DTA

curves of SSAP for the three

runs in nitrogen

Table 1 Mass loss up to 1,000 �C for SSAP in air and nitrogen

SSAP in air

(first run)

SSAP in air

(second run)

SSAP in air

(third run)

SSAP in nitrogen

(first run)

SSAP in nitrogen

(second run)

SSAP in nitrogen

(third run)

Mass loss/% up to 1,000 �C 56.21 58.11 55.79 56.79 57.04 56.60

Average mass loss/% up to 1,000 �C 56.70 56.81
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Fig. 4 Comparisons of TG

curves of SSAP in nitrogen and

air for the three runs
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those obtained in nitrogen flow. Thus, curves of coke for-

mation and decomposition as a function of temperature

were obtained for the three runs, which are shown in Fig. 5.

The curves in Fig. 5 show that the coke formation

occurs in the 200–500 �C range and from 500 to 900 �C

occurs its thermal decomposition. The highest coke for-

mation occurs at 500 �C. These characteristics can be

better visualized in the comparative overlay of the three

difference TG curves, which indicates that in all three runs,

practically occurred the same behavior.

Characterization by elemental analysis

Table 3 shows the carbon, hydrogen, and nitrogen contents

determined by elemental analysis for SSAP and SSAPP.

The SSAP, when pyrolized up to 500 �C, forming the

SSAPP, loses part of its organic matter, in this case the most

volatile, leaving coke as the organic residue plus inorganic

solids in the residual material [17]. From Fig. 3 and con-

sidering the mean value of the three runs in nitrogen, the

residual mass at 500 �C represents 59.21% of the initial mass

of SSAP. Thus, according to the elemental analysis data,

SSAPP has only 59.21 9 0.159 = 9.41% of carbon, when

referred to initial mass of SSAP. This means that actually

SSAP loses 63.23% of its carbon content when pyrolized up

to 500 �C, but producing SSAPP with the highest content of

residual coke, as previously seen from Fig. 5.

X-ray diffraction characterization

Figure 6 shows the X-ray diffraction patterns of SSAP and

SSAPP.

From Fig. 6 it can be seen that when the SSAP was pyr-

olysed at 500 �C, forming the SSAPP, as its organic fraction

has decreased, some inorganic crystalline phases were con-

centrated and others were total or partially dehydrated.

Table 2 Coke estimation by the difference between the residual mass (M) of SSAP in nitrogen and air at a determined temperature (data from

the first run)

M300 �C M350 �C M400 �C M450 �C M500 �C M550 �C M600 �C M650 �C M700 �C M750 �C M800 �C

SSAP residual mass/% in air 73.45 64.25 57.38 50.72 47.26 46.24 45.82 45.45 44.95 44.73 44.50

SSAP residual mass/%

in nitrogen

75.56 68.70 64.10 60.88 58.19 55.98 53.91 51.85 50.01 48.30 46.60

Coke/% 2.11 4.45 6.72 10.16 10.93 9.74 8.09 6.40 5.06 3.57 2.10
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Fig. 5 Curves of formation

and decomposition of coke for

the three runs and their

comparative overlay

Table 3 Carbon, hydrogen, and nitrogen contents in SSAP and

SSAPP

Sample C/% H/% N/%

SSAP 25.6 4.3 3.7

SSAPP 15.9 1.0 2.5
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For SSAP, the identified crystalline phases were quartz,

kaolinite, dolomite, illite, and gibbsite. For SSAPP, there is

no gibbsite because it was thermally decomposed [19] and

partial dehydroxylation of kaolinite and illite is noticed

from the relative decrease of respective XRD peaks.

The dolomite when treated in inert atmosphere at

900 �C decomposes via a single stage into CaO and MgO

separate phases [20, 21]. Then, as the SSAPP was sub-

mitted to the temperature of 500 �C, the decomposition of

dolomite has not started, and respective XRD peaks are the

same as those identified for SSAP.

Conclusions

• Thermogravimetry is an efficient technique to estimate

the amount of coke produced from the pyrolysis of the

sludge of sewage treatment plants

• The method is based on obtaining a thermogravimetric

difference curve from the difference between TG

curves of the sludge in nitrogen and air

• The analyses, done in triplicate, indicate that for all

cases, the maximum coke formation occurs at 500 �C.

• This method allows one to know the temperature ranges

of coke formation and decomposition for a specific type

of sewage sludge and to optimize the production of

coke adsorbents there from.
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