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Abstract 

 

The potential properties of aluminous sludge, once generated in the purification 

processes, are not being used in most cases, although there is the possibility of 

incorporating it as raw material in different fields such as construction, as an 

alternative technical since they represent a social and environmental benefit. In 

this research, the influence of aluminous sludge as a partial substitute for cement 

was studied by analyzing the mechanical behavior in nonstructural construction 

materials for different setting times. To achieve this, mud-cement mixtures were 

prepared in concrete matrices, being subjected to several setting times (7, 15, 48 

days). In the obtained results it was possible to show the similarity between the 

cement and the aluminous sludge, by means of the chemical analysis of X-ray 

fluorescence, which are mostly composed of silicon oxide, alumina and iron 

oxide; additionally, the average values of resistances recorded were 4.1, 6.2 and 

6.4 MPa for setting times 7, 15 and 48 days respectively, with significant 

differences (F = 4.539, p = 0.021, n = 36) depending on the days of Forged, the 

average percentages of water absorption by boiling and submerged were 2.14 and 

2.09% respectively, demonstrating the feasibility of the use of aluminous mud as a 

partial replacement of cement to produce non-structural construction materials, 

with properties comparable to the elements commercially available. 
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1. Introduction  
 

In recent years research worldwide, pointing to the use of new building materials, 
among which is the partial or total replacement of cement in the production of buil- 
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ding materials, other waste materials with similar characteristics [1]; [2], [3]. 

Since the process of cement production recorded a high consumption of natural 

resources and energy, which generates about 0.87 tons of CO2 per ton of cement 

[4]; where each year about four thousand megatons occur worldwide [5]. 

 

Among these alternative materials are the sludge from drinking water treatment 

systems [6], [7], [8], [9], which also becomes an environmental solution for this 

type of waste, since the generation, treatment and final disposal of these sludges, 

they constitute one of the limitations and problems to be solved in these systems 

to guarantee a disposition, environmentally safe and economically viable. The 

proposed alternative is an engineering challenge that seeks to reduce the amount 

of cement required. The recycling of construction materials is currently being 

developed as an activity with interesting growth expectations [10]. 

 

The aluminous sludge is the by-product of the waste of the water treatment 

processes, retained in the settlers and filters during the purification process. 

Contains hydrated aluminum oxides together with organic and inorganic 

materials, dragged by raw water, being in most cases stable and without tendency 

to decomposition. These are extracted periodically and intermittently from the 

bottom of the settlers and filters, the quality and quantity of the sludge varies from 

one water treatment plant to another, everything depends on the coagulants used, 

as well as the type of solids present in the water and the process that is used for its 

extraction, either, the decantation or the washing of filters. [11], [12]. 

 

The problems of the treatment of aluminous sludge are a topic of environmental, 

economic and social interest, which has been working in recent decades, in order 

to reduce the costs of handling these wastes and reduce environmental pollution. 

Recycling being one of the environmental solutions that is currently being 

developed with great results and interesting expectations [13], [14], [15], [16], 

[17]. 

 

The relevant research in the area of environmental engineering to providing input 

to reuse a material itself is treated in most cases as waste, forming with it mixes 

lodo- cement can be formwork and which when dried, possesses desirable 

mechanical performance, such as to form an element that can be used in the 

construction industry, as an alternative material, inert environment.  

 

2. Materials and methods 
 

The raw materials cement, sand and sludge were selected and collected, taking 

into account the availability of these. The sludge was dried for about 4 days at 

room temperature in order to eliminate moisture in its majority; then to eliminate 

the percentage of remaining moisture, the by-product was dried in a laboratory 

oven for two days at a constant temperature of 60 ° C, which according to the 

analyzes performed meets the desired physical and chemical specifications. 



Potential use of aluminous sludge as a partial substitute                                  4931 

 

 

 Selection times forged to prepare the matrices, a total of 36 cylinders were made 

with aluminous sludge to determine the optimal time percentages and sludged-

cement forged, due to determine the best response of the mixtures against the 

compressive strength test, The matrices were completely immersed in water at 48, 

15 and 7 days, for each percentage of sludged; then making the corresponding 

analysis of compressive strength. 

 

In the elaboration of the matrices easy iron handling molds were used; with a 

manual compaction process of the mud-cement mixture, which are dried at room 

temperature for approximately 12 hours. The elaborated matrices were subjected 

to compressive strength tests to verify compliance with the ASTM-C90 standard 

for the use of non-structural cylinders and the ASTM-C129 standard for the use of 

structural cylinders that establish as minimum resistance 6.08 and 8.00 MPa 

respectively For the determination of the initial rate of water absorption and 

percentages of water absorption (%), the procedure described in the ASTM C67 

was followed for the absorption of submerged ABSS and absorption of boiling 

ABSE. 

 

The non-structural matrices were tested taking into account the procedures of 

sampling and testing of these as established by ASTM C90 where they were failed 

to determine the maximum compression effort (kgf / cm2) and thus know the 

quality of the matrices made in each of the combinations. In order to carry out this 

test, it was found that the specimens were free of cracks and other imperfections 

that generated a lower resistance, in turn, each of the faces was checked evidenced 

in this uniformity and this absence of imperfections. 

 

3. Results and discussion. 
 

The sludge used comes from the purification treatment of the water, for its 

possible use or final disposal. Its composition will depend, therefore, on the heavy 

material dragged by the current of which are retained in the sand trap. 

 

In this investigation is carried out, the chemical analysis by X-ray fluorescence, 

indicates that each raw material cement and sludge, are mostly composed of; 

silicon oxide (21 and 55.60%), alumina (6.5 and 24.62%), iron oxide (2.5 and 

10.39%), and other minor components such as calcium oxide minerals, potassium 

oxide, sodium oxide, sulfur oxide as shown in figure 1. 
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Figure 1. Chemical composition of the raw material. 

 

The high levels of sulfur oxide (SO3) present in the cement (1.5%) in comparison 

with the aluminous sludge (0.28%) evaluated in the present investigation, shows 

the possible environmental risks that can be present with the use of cement for the 

manufacture of building materials. From the above it can be noted that the 

majority of the raw materials are distributed in optimal percentages, in each of the 

samples studied, presenting the presence of compounds among them which 

benefit the use of sludge due to its affinity with cement; which facilitates the 

mixing of them in the production of non-structural cylinders. 

 

The relationships of the density of the matrices and the setting time have an 

inversely proportional relationship, this is possibly due to the differences in the 

size of the aluminous sludge particles compared to those of the cement; which 

added to the content of organic matter can generate an increase in the porosity of 

the matrices by increasing the additions of aluminous sludge. The study of the 

absorptions in the present investigation is reflected as the percentage of addition 

of aluminous sludge decreases which is attributed to the results of the tests of 

resistance to the understanding, in the values of linear contraction of the matrices. 

Observe a tendency to increase depending on the time of setting and depending on 

the way at the time of making the mixture added in the mold shown in table 1 
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Characteristics 
Setting time (days) 

7 15 48 

Linear Shrinkage (%) 2 3 2 

Boiling absorption (%) 2,70 2,22 1,50 

Submerged Absorption (%) 2,55 2,02 1,70 

  

Table 1. The contents are observed linear contraction, boiling absorption, 

submerged absorption, In relation to percentage, setting time. 

 

The relationships between the compressive strength of the non-structural cylinders 

and the different set times evaluated (7, 15 and 48 days), presented significant 

differences; where it is evident that the maximum registered average values were 

(6.60±1.97, 6.93±1.27, 4.23±0.40 Mpa) respectively. Finding that the highest 

resistance of the compression was (8.2 MPa) for a time of (15 days) of setting, 

and the lowest resistance to compression was of (1.9 MPa) where the setting time 

was of (7) days), the standard cylinders (100% cement) showed similar behavior; 

with resistances of (4.17 ± 1.46, 6.73 ± 1.89 and 4.23 ± 1.89 MPa) for the setting 

times of (7, 15 and 48 days), evidencing the existence of a relationship directly 

proportional between the times of setting and the resistance; consequently, all 

non-structural cylinders forged on different days comply with the limits for non-

structural construction, established by the ASTM C90 standard evidenced in 

figure 1. 

 

 
 

Once again it is possible to demonstrate that sludge can be used in the 

manufacture of cements [9] and in the production of ceramic bricks [18-19] which 

brings benefits such as safe environmental disposal for potentially hazardous 

waste, reduction of pollution hydraulics caused by its shedding, By integrating the 

results obtained, it is observed that the compressive strength of the concrete 

cylinders, show a slight increase, as the percentages of aluminous sludge increase 

up to 15%, which is favorable. 
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In the construction sector, sludge is used in the manufacture of Portland cements 

[20,21] and in the production of concrete cylinders [22-24], being used as a partial 

replacement for one of the materials, which can bring benefits such as safe 

environmental disposal for potentially hazardous waste, reduction of water 

pollution caused by dumping, lower energy costs, transportation and 

manufacturing and less use of natural resources, reduction of vegetation 

committed to clay extraction (main component of the brick ), increasing the useful 

life of the quarries and can reduce the costs of recomposing areas with native 

vegetation [25-26]. 

 

It has been found in various investigations, that the aluminous sludge of the 

drinking water treatment systems have similar concentrations in the typical 

components (SiO2, Al2O3 Fe2O3, CaO, K2O, Na2O, among others) of the cement, 

facilitating their compatibility for make mixtures with them [27-28]. 

 

Conclusions  
 

In this research, aluminous mud proved (1) to be a useful addition since the 

building materials are a source of cement-like silicon, iron and aluminum; (2) the 

resistance and setting time presented a directly proportional relationship, with 

mechanical resistances varying between 2.60 and 7.70 MPa, similar to the 

commercial ones that varied between 4.17 and 6.73 MPa; (3) be interesting to be 

used in light construction and non-load-bearing components, as they comply with 

ASTM C90-16 and ASTM C90; (4) the introduction of aluminous sludge brings 

new environmental alternatives, which are economically viable. 
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