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ABSTRACT 
 
 Increase in population, life standards and industrial activities have caused much more necessity of obtaining 
drinking water. Processing and eliminating the drinking water treatment sludge, occurring by depending on this 
obligation and the inevitable secondary product of treatment stages, are becoming very important problems day 
by day. It is known that this waste negatively affects nature and living being by polluting air, soil and water 
when it directly discharges environment. Utilization from activated drinking water treatment sludge (ATS), 
obtained drinking water treatment sludge by burning at different temperatures, and drinking water treatment 
sludge (TS)  in cement was investigated because waste must be recycled. In this study, firstly, physical, 
chemical and mineralogical characteristics of TS, gaining from Trabzon drinking water treatment plant (in 
Turkey), was determined. Then, this waste was burnt at different temperatures (500, 600 and 700 oC) and 
changing composition and characteristics of it were found out. And then, cement mortar, including drinking 
water treatment sludge and activated drinking water treatment sludge at different percentages ( %5, 10, 15 and 
20), was produced and compressive strengths, setting, volume expansion of them were measured 1,2,7,and 28 
days later.  Obtained findings were compared with both samples, blended cements at various addition levels, and 
checking samples according to Turkish standards. In conclusion, drinking water treatment sludge and activated 
drinking water treatment sludge seemed to be suitable to produce blended cements at 5-10 % addition levels. 
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Introduction 
 
 It is known that environmental problems have 
been more important in terms of scientific and 
engineering studies in recent times that these 
problems increase. Some industrial waste not 
troubling approximately thirty years ago has been 
environmental matter for ten years. Increasing world 
population and people needs have caused growth of 
production day by day. Thus, increased production 
also has brought about growing waste and it must be 
taken precaution for all the waste on time [10]. 
 In drinking water treatment plants row water, 
obtaining from surface and underground water 
resources, has been purified for purpose of drinking, 
treatment sludge (TS), inevitable product in these 
plants, eliminated hard and expensively. 
 The inevitable product is increasingly growing 
problem in respect of processing and eliminating of 
it. Because these wastes have a large part of water 
content and only a small portion of solid wastes, they 
occupy a lot of volume so to be stored in a difficult 
way. When they aren’t stored under suitable 

conditions, they affect the nature in a negative way 
by contaminating the air, soil and water. 
 In the production of the material required by 
Turkish economy, the researching level is not 
sufficient to benefit from the use of waste materials 
(recycling) such as TS. It is known that a plant 
formed through the partnership of Taiheiyo Cement 
and Mitsu&Co institutions has began production in 
2001 and that it will produce 110,000 tons of cement 
per year by using 62,000 tons of treatment sludge ash 
and 28,000 tons of industrial waste in Japan [3]. 
 The construction industry has concentrated on 
the researches of material options that will reduce 
costs, improve efficiency, ensure structural integrity 
and enhance mechanical properties. The performed 
researching studies have revealed the ideas on the 
development of alternative materials for the 
construction industry by eliminating recyclable waste 
materials [1]. The cement technology is being 
developed in parallel with the development of current 
technologies. These developments, in particular, are 
in the areas of research and development of non-
standard new cement mixtures and their 
standardizations. The focuses are on under standard 
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cement production intending to use several industrial 
waste materials polluting the environment, but 
cheaper than the standard one on one hand, while 
trying to produce corrosion resistant, chemical 
resistant, low density cements having high pressure 
resistance at higher standards [8]. 
 Considering the idea of usability of waste 
materials such as fly ash, wood chips and oven 
wastes and certain chemicals in the construction 
works as additives, it is believed that the use of 
drinking water treatment sludge and activated 
treatment sludge (ATS) obtained as the result of 
burning this sludge at different temperatures as 
construction material would be the solution to the 
waste problem. 
 Getting triggered by these basic considerations, 
it was investigated whether TS resulted through 
treatment of the water in Trabzon drinking water 
treatment plant (in Turkey)  and ATS obtained as a 
result of burning TS could be used or not in cement 
as additives used in construction materials within the 
scope of this study [9]. 
 
Materials and Methods  
 
Used Materials:  
 
Drinking Water Treatment Sludge: 

 TS used in this study were collected from the 
treatment plant every day during the months of 
November and December in 2007 and January in 
2008. The collected TS have been thoroughly mixed 
and accumulated. Before the study, TS were dried by 
waiting in the laboratory environment for 2 months 
and then it has been grinded. The grinded materials 
have been screened through 0.074 mm sieve and 
were made ready to use. The screened materials have 
been burnt in the laboratory type ash kiln at 500, 600 
and 700oC temperatures for 1 hour and according to 
the burning temperatures ATS1, ATS2 and ATS3 so-
called materials were obtained in different 
characteristics, respectively. In the studies, TS, 
ATS1, ATS2, ATS3 materials have been used 
separately. 
 
Cement: 
 
 The cement used in the prepared mortar samples 
were produced by Aşkale Cement A.S. and it is 
normal early-strength Portland pozzolana cement 
(CEMII/A-P 42,5 N) containing 6-20% trass (natural 
pozzolana) in total mass and having the strength 
class of 42,5 [11]. Chemical, physical and 
mechanical properties of used cement are shown in 
Table 1. 

  
Table 1: Chemical, Physical and Mechanical Properties of Cement (CEMII/A-P 42,5 N). 

Chemical Properties 
Components % by mass 
SiO2 22,6 
Al2O3 6,0 
Fe2O3 3,68 
CaO 59,09 
MgO 1,98 
SO3 2,49 
Cl 0,041 
Total additive (trass+limestone) 11,64 
Insoluble residue 7,73 
Loss-on-ignition 3,37 
Physical Properties 
Specific gravity, (g/cm3) 3,06 
Specific surface, (cm2/g. Blaine) 4018 
Volume expansion, (mm) 2 
Initial set, (h/dk) 2,15 
Final set, (h/dk) 3,30 
Mechanical Properties 
Compressive strength of 1 day, (N/mm2) 10,6 
Compressive strength of 2 days, (N/mm2) 24,3 
Compressive strength of 7 days, (N/mm2) 42,0 
Compressive strength of 28 days, (N/mm2) 56,8 

 
 First, the physical, chemical and mineralogical 
properties studies were performed to determine the 
characteristics of materials. Later, the physical and 
mechanical properties of cement samples containing 
these materials were determined. Performed studies 
are presented respectively. 
 
Physical Properties: 

 
 The experiments were conducted using 
Pycnometer bottle for determining the particle 
specific density values of TS, ATS1, ATS2, ATS3. As 
a result of the experiments, the determined particle 
specific density values are given in the form of a 
table (Table 2). 
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Table 2: Particle specific density values of TS, ATS1, ATS2, ATS3 
 ρs, Particle specific density (Mg/m3) 
TS 2,46 
ATS1 2,59 
ATS2 2,40 
ATS3 2,75 

 
 The liquid limit and plastic limit values, known 
as consistency limits (Atterberg), of TS were 
determined in the laboratory experimentally. The 

liquid limit values and the plastic limit values were 
determined by using Casagrande Method and the 
standard plastic limit test, respectively.  

 
Table 3: Consistency limits of TS. 

Liquid Limit (wL, %) 39,48 
Plastic Limit (wp, %) 32,96 
Plasticity Index (Ip, %) 6,52 

 
 For the purpose of sketching the granulometric 
curves of TS and performing the classification 
according to this obtained curve, washed sieve 
analysis was conducted. The hydrometer analysis 
(wet analysis) was performed since all of the samples 
passed through No. 200 sieve (0,074mm). The 

granulometric curve of the sample was obtained by 
drawing a graph between the amount of sample 
passed through No. 200 sieve and the grain diameter. 
It has been identified as a fine-grained material upon 
the particle size distribution was examined. 

 

 
 
Fig. 1: Granulometric curve of TS. 
 
Results and Discussion 
 
Chemical and Mineralogical Properties: 
 
 The obtained values in the analysis conducted 
with the ICP Atomic Emission Spektroscopy method 
at ACME Analytical Laboratories Ltd. in Canada by 
using the samples that were burned in the ash kiln at 
500, 600 and 700oC temperatures are given in the 
form of a table (Table 4). 
 As seen from Table 4, SiO2, Al2O3, Fe2O3 and 
CaO are found in the excess amount in the samples. 
There are the components such as silicon (SiO2), 
alumina (Al2O3), iron oxide (Fe2O3) deemed 
significant for the hydraulic cement binders within 
the materials defined as A0 TS, ATS1, ATS2 and 

ATS3. Each of the materials has assured the 
condition telling that these three components must be 
at least 70% in the material for puzzolanic activity of 
the material according to ASTM C 618. The 
puzzolanic characteristics of the materials are clear 
from the total percentage of these components [2]. 
 In order to prevent too rapid hardening of 
cement, SO3 (CaSO4 = CaO.SO3) existing in the 
structure of gypsum (CaSO42H2O) used in cement 
production must not exceed a certain value in the 
cement structure. According to the ASTM standards, 
the maximum amount of SO3 in normal Portland 
cement should be 3,0%. As could be seen in the 
results of TS, ATS1, ATS2 and ATS3 chemical 
analysis, there is no SO3 in their chemical contents. 
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Table 4: Chemical Properties of CEM II/A-P 42,5 N, TS, ATS1, ATS2 and ATS3 
Components  
(% by mass) 

CEMII/A-P 42,5 N TS ATS1 ATS2 ATS3 

SiO2 22,56 53,46 50,56 50,72 51,30 
Al2O3 6,0 16,54 18,58 18,68 18,95 
Fe2O3 3,68 6,48 6,64 6,65 6,75 
CaO 59,09 4,70 7,96 8,00 8,19 
MgO 1,98 2,80 2,87 2,87 2,91 
SO3 2,49 - - - - 
Na2O - 2,04 1,56 1,56 1,58 
K2O - 1,87 2,25 2,25 2,28 
P2O5 - 0,186 0,209 0,227 0,220 
MnO - 0,15 0,18 0,18 0,18 
Cl- 0,041 - - - - 
Loss on ignition 3,47 2,10 1,45 1,32 1,12 

 
 The amount of MgO that can be found in cement 
is required not more than a certain percentage (5%), 
as it may cause the reactions to occur leading to 
expansion in cement paste and the cracking of the 
cement paste. The MgO contents of TS, ATS1, ATS2 
and ATS3 are 2,80%, 2,87, 2,87, 2,91 respectively 
and they are less than 5%. In addition, MgO value 
increases as the cooking temperature of the material 
increased. 
 The amount of alkali (Na2O and K2O) found in 
the cement structure is required not more than a 
certain value, as it will cause cracking and fracture in 
the concrete as results of the occurrence of major 
expansions in the hardened concrete. For example, 
according to ASTM standards, " Na2O + 0,66K2O " 
amount is recommended no more than 0,6% [7]. In 
TS, ATS1, ATS2 and ATS3 this amount is more than 
0,6%. 

 The loss on ignition indicates that the cement 
has not been stored in appropriate conditions or a 
very long time ripe. The loss on ignition of Portland 
cement is required not more than certain value. For 
example, according to ASTM standards, the loss on 
ignition should not exceed 3,0% in normal Portland 
cement [7]. Loss on ignition of TS, ATS1, ATS2 and 
ATS3 are 2,10% , 1,45 , 1,32 , 1,12 respectively. 
 The data obtained through the examinations of 
TS's mineralogical structure using XRD method with 
Rigaku D/MAX-3C model device are shown in 
Figure 2. According to these data, it was assumed 
that the sample contained intense kaolinite, quartz, 
muscovite and calcite minerals, as it indicated typical 
peaks belonging to kaolinite, quartz, muscovite and 
calcite minerals. 

 

 
Fig. 2: XRD of TS. 
 
 The Scanning electron microscopy (SEM) 
analysis method has been used to determine the grain 
size and surface morphology of the mineral phases in 
TS and ATS3 samples, 2000 and 5000 times enlarged 
photos of each sample were taken with Jeol brand 
device and those are given in Figure 3 and 4. 

 As a result of microstructure analysis of TS and 
ATS3, it was observed that it contained square quartz 
particles at the changing sizes. In the TS and ATS3 

photographs obtained by SEM analysis methods too 
much difference was not observed in terms of in 
porosity. This is an evidence of TS's very low 
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organic content. If TS had a high organic content, the 
Treatment Sludge activated at 700oC (ATS3) would 

have much more porous structure in comparison to 
the non-heat treated Treatment Sludge (TS). 

 

    
(a)                                                                       (b) 
 
Fig. 3: SEM photographs of TS: (a): 2000X, (b): 5000X. 
 

   
(a)                                                             (b) 
 
Fig. 4: SEM photographs of ATS3: (a):2000X, (b): 5000X. 
 
Determine of Physical and Mechanical Properties of Cement Samples Containing TS,   ATS1, ATS2 and ATS3: 
 
 EN 196-1 and EN 196-3 numbered [5,6] 
standards were used for the standard strength tests of 
cement samples containing TS, ATS1, ATS2 and 
ATS3 and in determining their hardening times and 
volume expansion values. In order to determine the 
standard strengths of materials, the cement mortars 
were prepared based on the defined method in the 
cement standards as firstly with no additives included 
(control sample) and with TS, ATS1, ATS2 and ATS3 

included at rates 5, 10, 15 and 20% by weight. The 
prepared mortars have been poured into 4x4x16cm 
sized molds and 3 samples from each were prepared 
for different additive percentages. The compressive 
strengths of prepared samples were measured at the 
end of 1, 2, 7 and 28 days curing times [5,6]. 
 For compressive strengths, as shown in the 
graphics in Figure 5, 6, 7 and 8, we have observed 

that the 1, 2, 7 and 28 days compressive strengths 
decreased as TS, ATS1, ATS2 and ATS3 rates 
increased in the mixtures. It is also a fact that these 
values were lower than the values of control samples 
produced with CEM 42.5 N. However, here it must 
be specified that 1-day compressive strengths of 
mortar samples obtained by including 5% TS, ATS1, 
ATS2 and ATS3 were higher than the one in control 
samples. In addition, 2-days compressive strength of 
mortar sample obtained by including 5% ATS1 and 
1-day compressive strength of mortar sample 
obtained by including 10% ATS1 were higher than 
the one in control sample. 
 As seen from Table 5, the set times of mortar 
samples in which TS, ATS1, ATS2 and ATS3 were 
used have increased compared to control samples. 
This shows the decrease in hydration heat. 
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Fig. 5: Variation in compressive strengths of mortar samples for different additive (TS) rates. 
 

 
 
Fig. 6: Variation in compressive strengths of mortar samples for different additive (ATS1) rates. 
 

 
 
Fig. 7: Variation in compressive strengths of mortar samples for different additive (ATS2) rates. 
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Fig. 8: Variation in compressive strengths of mortar samples for different additive (ATS3) rates. 
 
Table 5: Set time and volume expansion values of TS, ATS1, ATS2 and ATS3 in different additive rates. 

Additive (%) 
Set time (h) Volume expansion   

(mm) Initial Final 

TS 

0 2,15 3,30 2 
5 3.00 4.15 1 
10 2.55 4.10 1 
15 2.40 3.55 1 
20 2.35 3.50 1 

ATS1 

0 2.15 3.30 2 
5 3.00 4.10 1 
10 3.00 4.05 1 
15 2.50 3.45 1 
20 3.00 4.05 1 

ATS2 

0 2.15 3.30 2 
5 2.55 3.55 1 
10 2.50 3.50 1 
15 2.55 3.50 1 
20 3.05 4.10 1 

ATS3 

0 2.15 3.30 2 
5 2.50 3.55 1 
10 3.00 4.05 1 
15 2.55 4.00 1 
20 2.55 3.55 1 

 
Conclusion: 
 
 Having all findings examined, it is also a fact 
that the compressive strength values of mortar 
samples in which ATS1 was used at the rates of 5% 
and 10% have reached the nearest value of the 
control sample. In such a case, it must be specified 
that the samples in which ATS1 was used at the rates 
of 5% and 10% when the rate of 10% to 5% created 
the optimal ratio range in use of the aforementioned 
material. 
  It was observed that the samples in which TS, 
ATS1, ATS2 and ATS3 were used at the rates of 5% 
and 10% assured the early (2 days) and standard (28 
days) strength conditions of class 42.5 N cement 
expressed in EN 197-1 numbered standard. Here, it is 
required to mention that all the samples in question 
also provide the set time condition specified in the 
said standard (EN 197-1, 2002). 
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