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The study of the properties of cement compositions with oil sludge 
 

Abstract.  The production and consumption of cement-based materials in the world is 

increasing every year. The issue of cost reduction and resource saving for Kazakhstan 

enterprises for the production of cement and concrete is especially relevant in connection with 

the adoption of the State Housing Construction Program. This article considers the results of 

studies of the properties of cement compositions containing oil sludge - waste products of 

petroleum products.  Using it as a raw material is one of the rational ways of its disposal, as this 

achieves a certain environmental and economic effect. There have been indicated  results of the 

influence of additives on the physic mechanical properties of cement compositions. 
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Introduction.  The State Program “Strategy 2050”, which is aimed at the development of 

industrial infrastructure and annual Speech of the President of Kazakhstan inspire confidence in the 

new industrialization of the economy and the creation of domestic industrial trends within the 

framework of the third industrial revolution [1]. According to the “Nurly Zhol” infrastructural 

development program, it is planned to build more than 4 thousand km of modern concrete highways, 

also program “Nurly Zher”, which implements housing project, it is planned to build 1.5 million 

apartments in 15 years. In Kazakhstan, foreign investment is actively attracted and government orders 

are increasing. The development and implementation of innovations in the construction industry is 

constantly being stimulated. Cement consumption volumes almost doubled compared to 2017, the 

design capacity of all cement plants amounted to more than 12 million tons per year. In this regard, the 

development of technology, improving the quality of cement, the rational use of raw materials and 

waste management are of great importance [2]. Almost no cement and concrete production is completed 

without the use of special chemical additives that give concrete the necessary properties: strength, 

mobility and setting [3]. Oil sludge is a large-tonnage waste from oil production and refining industries 

and contains organic substances [4]. Their use in the production of cements and concrete as special 

additives is probably possible after careful research [5- 8]. Oil sludge is formed during the extraction, 

processing and transportation of oil and consists of oil products, mechanical impurities (clay, metal 

oxides, sand) and water [9]. Oil waste poses a great danger to the environment and is primarily subject 

to processing, although most of the oil sludge is still covered. In this regard, the disposal of oil sludge in 

order      to use them in cement compositions as chemical additives requires further research [10]. To 

study the effect of oil sludge additives on the properties of cement compositions, the properties of 

pastes were investigated, the normal density and setting time of the cement paste were determined, and    

the effect of additives on the physic mechanical properties of cement compositions was studied. 

Experimental part. Oil product waste and Portland cement were the main components of the 

study. The experiments involved sludge dewatering in a vacuum-suction unit with a removable metal 

funnel. As a filter used technical fabrics. The precipitate obtained after evacuation had a moisture 

content of 60-65% and was dried to a moisture content of 40% at room temperature, because drying at a 

temperature above 100◦C leads to a change in the organic part of oil sludge. The choice of the optimal  
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composition of materials was carried out according   to the content of free CaO and strength indicator. It 

was assumed that oil sludge will have a different effect on the hydration hardening of binders adsorbed 

on the surface of clinker minerals and new formations. The test mixture was prepared with the 

following amount of materials: M-400D20 Portland cement, sand and water in the ratio of W/C 0.6.   The 

amount of oil sludge that added into the cement-sand mixture were calculated by the dry matter. 

Cement paste with the addition of oil sludge was thoroughly mixed, after that samples were molded. 

Samples-beams with a size of 4x4x16 cm on the basis of cement with a content oil sludge in the amount 

of 1, 2, 3, 4 and 5% of the weight of cement were dried and tested after 2, 7, 28 days. Table I and II show 

the test results. 

TABLE I 

PHYSICAL PROPERTIES OF CEMENT COMPOSITION 

 

Sample Normal consistency, 

% 

Setting time 

initial, min final, h/min 

Portlandcement 25 90 4.5 

+ 1% oil sludge 24.5 95 4.6 

+ 2% oil sludge 24 94 4.5 

+ 3% oil sludge 24 95 4.6 

+ 4% oil sludge 24.5 95 4.7 

+ 5% oil sludge 24.5 93 4.6 

 Results and discussion.  The structure formation in cement pastes and hardened samples was 

studied using known methods [11]. The degree of hydration of minerals was judged by the amount of 

chemically bound water (DTA), the intensity of the C3S peak, and scanning electron microscopy data. 

As can be seen from the table, a significant improvement in the strength characteristics of all types of 

cement is observed with the adding of 2.0-3.0% oil sludge. A study of the structure formation of oil 

sludge showed that they are dispersed systems with a coagulation structure. As the sedimentation 

analysis in the water – oil sludge system showed, over time, sediment condenses and a relatively stable 

complex coagulation structure forms. At the same time, the volume of sediment increases when diluted 

with water, which indicates the formation of additional intermolecular bonds. In order to study the 

effect of the organic  part  of  oil  sludge on hydration processes, aqueous solutions were studied by 

electron microscopy. Experiments have shown that associates of macromolecules form in aqueous 

solutions.  

TABLE II 

BENDING AND COMPRESSIVE STRENGTH OF CEMENT  

COMPOSITION AT DIFFERENT PERIOD OFSTORAGE) 
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 Bending strength, 

MPa 

Compressive strength, 

MPa 

Sample 2 

days 

7 

days 

28 

days 

2 

days 

7 

days 

28 

days 

Portlandcement 27.6 4.7 6.6 25 38.1 49.8 

+ 1% oil sludge 2.78 4.8 6.9 25.3 38.4 49.10 

+ 2% oil sludge 2.82 5 7.1 26.8 40.5 52.3 

+ 3% oil sludge 2.63 4.84 6.88 25.0 38.1 48.8 

+ 4% oil sludge 2.62 4.85 6.87 25.0 38.0 48.9 

+ 5% oil sludge 2.56 4.59 6.44 24.7 37.9 48.5 
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TABLE III 

HYDRATION DEGREE OF PORTLANDCEMENT 

 

  

 
Amount of 

chemically bound water 
Hydration degree 

Sample 
2 

days 

7 

days 

28 

days 

2 

days 

7 

days 

28 

days 

Portlandcement 10.8 13.8 16.5 59.6 65.4 72.1 

+ 2% oil sludge 10.1 14.3 16.7 62.5 67.3 74.4 

+ 3% oil sludge 10.2 14.3 17.0 62.7 67.5 73.1 

 

 

The study of structure-forming processes in such solutions by electrophoresis showed that associates 

have a certain charge and, therefore, in cement suspensions will affect the adsorption processes. In 

cement suspensions, hydration hardening of clinker minerals and the structure formation of the organic 

part in an aqueous suspension proceed in parallel. Due to the presence of functional groups and their 

high adhesion to clinker minerals and their hydration products, the molecules of resins, asphaltenes, 

which form the basis of the organic part of oil sludge, are adsorbed on the surface of cement particles, 

mainly on a polarized layer of water. As a result of the formation of an uneven surface layer and a 

change in the magnitude of the electrostatic forces, a structure with a different thickness of the 

adsorption layer is formed. The concentration of ions in the solution changing in this case creates a 

diffusion flux through the formed organic layer. Studies have shown a different nature of the effect of 

oil sludge on the hydration properties of cements. The degree of hydration of cement minerals increases 

with the introduction of oil sludge in the amount of 2-3% by weight of cement. Such a concentration of 

oil sludge promotes the formation of an adsorption layer, in which simultaneously charged surfaces 

repel each other, with constant W/C, the physical and mechanical properties of the materials improve, 

as can be seen from Table III. 

 

         Conclusion. One way to increase the depth of oil refining, reduce environmental pollution 

by products of the oil industry and the rational use of natural resources is to involve in the processing of 

oil production waste. The use of oil sludge as chemical additives in cement compositions can reduce 

production costs, reduce the environmental damage caused by oil waste during their disposal and 

storage at oil depots. The experimental results indicated that a mixture containing oil sludge in an 

amount of 2-3% by weight of cement is stable and can be used as a chemical additive in cement 

compositions. The proposed chemical additive based on oil sludge is of practical importance in the use 

of cement compositions. The results of the experiments showed that the addition of oil sludge to the 

composition of cement compositions improves its physical and mechanical properties: compressive 

strength, density, water absorption, which increases the durability of concrete. 
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Мұнай шламы негізіндегі цементтік қптылыттасдыо қатиеттесін зесттеу 

 

Аодатра. Цемент негізіндегі матесиалдасдыо өндісіті жюне пныо қплданылуы юлемде 

жыл тайын астуда. Тұсғын-үй құсылыт жайындағы мемлекеттік бағдасламалас қабылданғалы 

бесі Қазақттан кютірпсындасы үшін цемент жюне бетпн өндісуде шығындасды азайту жюне 

сетусттасды үнемдеу мютелеті маоызды бплыр тұс. Бұл мақалада мұнай шламы бас цементтіо 

қатиеттесін зесттеу нютижелесі жасиѐланған. Мұнай шламын шикізат сетінде райдалану белгілі 

біс экплпгиѐлық-экпнпмикалық нютижеге қпл жеткізетіндіктен, пны райдаланудыо ұтымды 

тютілдесініо бісі көстетілді. Цементтіо физикп-механикалық қатиетіне қптраныныо ютесі 

зесттелді. 

Түйін төздес: цемент қптылыттасы, мұнай шламы, қалырты кпнтиттенциѐ, бісігу 

уақыты, гидсатациѐ дюсежеті. 
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Иттледпвание твпйттв цементных кпмрпзиций т нефтешламами 

 

Аннптация. Пспизвпдттвп и рптсебление матесиалпв на птнпве цемента в мисе 

увеличиваяттѐ т каждым гпдпм. Впрспт тнижениѐ тебеттпимптти и сетустптбесежениѐ длѐ 

рседрсиѐтий Казахттана рп рспизвпдттву цемента, бетпнпв птпбеннп актуален в твѐзи т 

рсинѐтием Гптудасттвеннпй рспгсаммы рп жилищнпму ттспительттву. В даннпй ттатье 

прубликпваны сезультаты иттледпваний твпйттв цементных кпмрпзиций, тпдесжащих 

нефтешламы – птхпды рспизвпдттва нефтерспдуктпв. Итрпльзпвание егп в качеттве тысьѐ 

ѐвлѐеттѐ пдним из саципнальных трптпбпв утилизации, так как рси этпм дпттигаеттѐ 

прседеленный экплпгичеткий и экпнпмичеткий эффект. 

В сабпте указаны сезультаты влиѐниѐ дпбавпк на физикп-механичеткие твпйттва цементных 

кпмрпзиций.   

Ключевые тлпва: цементные кпмрпзиции, нефтешлам, нпсмальнаѐ кпнтиттенциѐ, всемѐ 

тхватываниѐ, ттерень гидсатации. 
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