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Abstract. This article presents the results of research on the processing of sludge generated at the Main Treatment
Facilities (MTF) of Almaty, Kazakhstan, for use in concrete mixes. A nominal concrete mix composition was selected
for sample production, consisting of Portland cement, crushed stone, sand, water, Interplast AT superplasticizer, and
sludge from the horizontal settling tanks of the MTF. Samples were tested for compressive and flexural strength, water
absorption, permeability, and density, revealing that replacing 5% sand with MTF sludge decreases compressive and
flexural strengths at 28 days by 13.3% and 3.7%, respectively. In terms of water absorption, the best performance was
observed in the sample containing 10% sludge from the MTF replacing part of the sand.
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1. Introduction

Water supply and wastewater services in Almaty are provided by the State Municipal
Enterprise «Almaty Su». The city’s water supply is from 4 main sources: the Bolshaya Almatinka
and Malaya Almatinka rivers, as well as underground wells from the Almaty and Talgar aquifers.
The total design capacity of these sources is 1.343 thousand m3/day. The water intake from the
Bolshaya Almatinka River with its treatment facilities is a key source of Almaty’s drinking water,
meeting approximately 35% of the city's demand. The Main Water Treatment Facilities (MTF) are
located in the southwest of Almaty, on the right bank of the Bolshaya Almatinka River, on a site
with a slight slope from southwest to northeast. The maximum designed capacity of the MTF is 254
thousand m3/day [1]. The technological scheme of the Almaty MTF is shown in Figure 1 [2], [3].
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Figure 1 — Technological scheme of the MTF [2], [3]: 1% — Water intake structures; 22 — Water
treatment facilities; 1 — Ice discharge; 2 — Sand trap; 3 — Daily regulation basin (DRB-1), 4 —
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Venturi flume; 5 — Radial settling tank; 6 — Daily regulation basin (DRB-2); 7 — Distribution
chamber; 8 — Reagent facility; 9 — Drum screens; 10 — Radial settlers with spiral guides; 11 —
Vertical settlers; 12 — Horizontal settlers; 13 — Rapid filters (2nd stage); 14 — Rapid filters (3rd
stage); 15 — Clear water reservoirs; 16 — Sodium hypochlorite dosing for disinfection; 17 — Water
supply to consumers.

According to Figure 1, at the MTF, sludge is generated in radial settlers with spiral guides,
in vertical settlers, and in horizontal settlers. Sludge removal from the settlers is performed using
hydrostatic pressure to discharge it into the sewer system. Currently, sludge from the Almaty water
treatment facilities is disposed of through the municipal sewer network, which then directs it to the
wastewater treatment facilities. The problem of sludge utilization from water treatment facilities is
of particular importance as it has both environmental and economic significance, contributing to the
recovery of raw materials and resources. The level of sludge utilization in Kazakhstan remains low.

Sludge forms during clarification and sedimentation at various stages of water treatment and
typically amounts to 1-3% of the volume of treated water. The main objectives of sludge treatment
are to ensure environmental safety, reduce sludge volume to minimize landfill area requirements,
and prepare sludge for reuse as secondary raw materials Depending on the water treatment
technology, sludge may form in settling tanks, clarifiers with suspended sludge layers, during
sedimentation of filter backwash water, contact clarifiers, and others [4], [5].

One of the most promising uses for water treatment sludge is in the production of
construction materials [6]. Sludges containing clay fractions can be added to raw mixes for ceramic
materials, improving plasticity, reducing firing temperature, or replacing part of the traditional clay
components [7], [8].

An interesting approach involves producing alumina cement from natural water sludge [9].
Sludge can be used as an additive in cement production or as a component of concrete mixtures.
Depending on its chemical composition, it may serve as a mineral additive, filler, or modifying
component [9], [10]. Although not directly related to construction materials, it is worth mentioning
that sludge rich in organic matter can be used to produce soil substrates for landscaping. Studies
have shown that such substrates exhibit excellent anti-erosion properties [11]. Among all options,
the utilization of water treatment sludge in construction materials and products appears to be the
most promising. Processed sludge represents a key reserve of material and energy resources for the
construction industry and related sectors. However, applying such sludge utilization methods in
Kazakhstan requires further research, as these approaches may sometimes degrade the quality of the
final products and may not always be environmentally sound. Therefore, there is a need to develop
highly efficient technologies for the use of water treatment sludge in construction materials that
consider Kazakhstan’s specific natural and climatic conditions.

This study proposes using sludge from Almaty’s water treatment facilities as an additive in
concrete mixtures. Laboratory experimental research was conducted to determine the optimal
sludge content in concrete mixtures.

2. Methods

To produce concrete mixtures containing sludge from the MTF, a nominal concrete mix was
selected. The initial mix design (without additives) was calculated using the method described in
[12]. This method is based on determining the total absolute volumes of materials needed to
produce 1 m2 of concrete.

The primary components for producing concrete samples included Portland cement, crushed
stone, sand, water, sludge from the horizontal settlers of the MTF, and the Interplast AT
superplasticizer.

In the laboratory experiments, the binder used was Portland cement CEM II/A-K(S-1)
32.5N, M450, produced by the Zhambyl Cement Production Company, LLP (Taraz, Kazakhstan).
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The Interplast AT superplasticizer manufactured by GOODHIM (Krasnoyarsk, Russia) was
used as a plasticizing additive. The tap water per [13] was used for mixing. The superplasticizer was
added together with the mixing water.

The fine aggregate was construction sand produced in Kazakhstan, with a particle size range
of 1.3 mm to 3.5 mm. The coarse aggregate was crushed stone produced in Kazakhstan. Albite
porphyry crushed stone with particle sizes ranging from 5 to 20 mm, free of clay lumps, was used.
The crushed stone had a strength grade of M1400, wear resistance grade 11, no weak particles, and
frost resistance grade F300. Its bulk density was 1430 kg/m3.

Sludge for the laboratory experiments was obtained from the horizontal settlers of the MTF
by the State Municipal Enterprise «Almaty Su». Sampling was performed manually. After air
drying, the sludge had a moisture content of 2.1%.

Concrete samples were produced according to the mix composition shown in Table 1.

Table 1 — Composition of the studied concrete mixes per 1 m*
Mix No. Cement, kg Crushed Stone, kg Sand, kg  Water, kg  Superplasticizer, |  Sludge from, kg

1 (design) 310 1219 661 180 -
2 (reference) 310 1219 661 180 3.72 -
3 310 1219 628 180 3.72 33
4 310 1219 595 180 3.72 66
5 310 1219 562 180 3.72 99

Some photographs of concrete samples and sludge from the MTF are shown in Figure 2.
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Figure 2 — Photographs of concrete samples and sludge from the MTF

Sample testing was conducted using standard methods in the laboratories of Satbayev
University (Almaty, Kazakhstan).

Flexural and compressive strength tests were performed on 100x100x400 mm and
100x100%x100 mm samples following [14]. The water absorption of the concrete samples was
measured to assess their suitability for use in paving slab production according to [15]. The water
permeability of the concrete samples was determined next. Water permeability refers to the
concrete’s ability to resist water penetration under pressure, which is a key indicator of its quality
and durability [16]. Several methods can be used to measure concrete water permeability, including
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the "wet spot” method, filtration coefficient, "depth of water penetration,” and "air permeability."”
The latter method and an AGAMA-2RM device were used in this study. Two sets of control
samples, each containing eight cylindrical samples (form FC-150), were prepared. The samples
were fully cured (28 days) under standard conditions (temperature 20 £ 2 °C, relative humidity 95 +
5%) according to [17]. The density testing was conducted according to [18].

3. Results and Discussion

Figure 3 shows the results of compression tests.
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Figure 3 — Compressive strength of the samples
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Analysis of the obtained results shows that the highest compressive strength at 28 days is
achieved in mix No. 2, reaching 39.1 MPa. Mix No. 5, in turn, demonstrates the lowest strength at
all stages: 12.3 MPa at 3 days, 18.2 MPa at 7 days, and 24.5 MPa at 28 days. These data may
indicate low reactivity or a suboptimal composition of mix No. 5.

Figure 4 shows the results of the tests for the flexural strength.
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Figure 4 — Flexural strength of the samples
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Analysis of the results shown in Figures 3 and 4 indicates that even with the introduction of
5% water supply sludge from the MTF to replace part of the sand, the strength characteristics of the
concrete mix decrease. The achieved strength indicators suggest the potential for producing
concrete paving slabs using the developed concrete mixes with the addition of up to 5% of water
treatment plant sludge. Overall, the use of dewatered water supply sludge in concrete production is
considered highly promising due to potential economic and environmental benefits.

Figure 5 shows the results of water absorption tests.
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Figure 5 — Water absorption of samples

The results of laboratory tests of concrete samples for water absorption show significant
variations depending on the mix composition. Mix No. 4, prepared with a sand-to-sludge ratio of
10%, exhibited the lowest water absorption at 4.2%. This indicates its denser structure compared to
other mixes, which is a favorable factor for concrete durability. Conversely, mix No. 1 has the
highest water absorption at 5.2%, which may indicate a more porous structure or a greater number
of voids in the mix, potentially reducing its resistance to water and frost. In general, lower water
absorption indicates a denser concrete structure and, consequently, better resistance to aggressive
environmental impacts.

Table 2 shows the results of air permeability tests.

Table 2 — Permeability of the samples
Mix Number  Air permeability resistance of  Air permeability parameter (a), cm3/s Water permeability grade, W
concrete samples (m), s/cm?3

1 (design) 6.2 0.161 W6
2 (reference) 6.4 0.156 W6
3 7.1 0.141 W6

4 9.6 0.104 W8

5 9.9 0.101 W8

Analysis of the air permeability data shows that mixes No. 4 and No. 5 demonstrate the best
performance, achieving a rating of W8 due to their high resistance to air penetration. In contrast,
mixes No. 1, No. 2, and No. 3 have a lower rating of W6, indicating a less dense structure and,
consequently, lower water resistance. The increased resistance of the concrete to air penetration is
attributed to the improved quality of the modified cement matrix and concrete structure due to the
presence of MTF sludge and the Interplast AT superplasticizer.

Figure 6 shows the results of density tests.
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Figure 6 — Summary data on the density index

Analysis of the results in Figure 6 shows that mix No. 1 demonstrates the highest density
(2220 kg/m3), slightly ahead of mix No. 2 (2210 kg/m?) and mix No. 3 (2209 kg/m?). Mixes No. 4
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(2141 kg/m3) and No. 5 (2104 kg/m?3) show lower density values, with mix No. 5 having the lowest
density among all presented mixes. This indicates that replacing part of the sand with water supply
sludge from the MTF results in a decrease in the density of concrete products.

4. Conclusions

Based on the results of laboratory experimental studies, it was established that the addition
of the Interplast AT superplasticizer at a dosage of 1.2 liters per 100 kg of cement to concrete
products leads to a significant increase in their strength: compressive strength at 28 days increases
by 18.7%, and flexural tensile strength at 28 days increases by 7.4%.

It was also established that introducing 5% water supply sludge from the Main Treatment
Facilities (MTF) of Almaty to replace part of the sand results in reduced strength characteristics of
concrete products: compressive strength at 28 days decreases by 13.3%, and flexural tensile
strength at 28 days decreases by 3.7%. The achieved strength indicators suggest the feasibility of
producing concrete paving slabs using the developed concrete mixes with up to 5% sludge addition.

Laboratory test results for water absorption of concrete samples depending on the mix
composition showed that the best performance was achieved with mix No. 4, prepared with a sand-
to-sludge ratio of 10%. It was also found that replacing part of the sand with water supply sludge
reduces the density of concrete products. Overall, the use of dewatered water supply sludge in
concrete production is considered highly promising due to its potential economic and environmental
benefits.
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