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Abstract: Basic magnesium sulfate cement is a kind of green gel material with emphasis on admixtures. 

As a new green sustainable building material, it has been widely used in the world. The additives of basic 

magnesium sulfate cement are divided into chemical admixtures and mineral admixtures. In this paper, 

the effects of chemical admixtures (citric acid) and mineral admixtures (rice husk Ash) on basic 

magnesium sulfate are studied respectively. the aim is to provide a theoretical reference for the further 

study of basic magnesium sulfate cement. 

Keywords: Basic Magnesium Sulfate Cement, Rice Husk Ash, Chemical Admixtures 

1. Introduction 

Portland Cement as a major basic material in the field of contemporary civil architecture has many 

advantages, such as high strength, high hydration heat, good frost resistance and so on. However, its poor 

corrosion and heat resistance limits its use to a certain extent, and due to the production of Portland 

Cement will release a large amount of carbon dioxide (0.7-1.0 t of carbon dioxide per ton of Portland 

Cement), excessive consumption of non-renewable mineral resources has led to serious environmental, 

energy and resource problems. Therefore, the development of sustainable green building materials has 

become an urgent need for sustainable development [1]. 

Basic magnesium sulfate cement is a new type of MgO-MgSO4-H2O cement material, which is based 

on magnesium oxide and magnesium sulfate heptahydrate as main raw materials. Basic Magnesium 

Sulfate Cement (BMSC) and magnesium oxychloride cement (MOC), magnesium oxychloride cement 

(MOS) and magnesium phosphate cement (MPC) belong to the category of magnesium cementitious 

materials, but basic magnesium sulfate cement different from other magnesia cementitious materials 

overcomes the disadvantages of poor water resistance of magnesium oxychloride cement and low 

strength of magnesium oxychloride cement. it has the advantages of quick setting, early strength, 

waterproof, heat insulation, and corrosion resistance as well as excellent mechanical properties [2]. 

Although there are a lot of research reports on magnesia-based cementitious materials, there are few 

studies on basic magnesium sulfate cement on adding green additives, the future research of basic 

magnesium sulfate cement should focus on adding additives and green admixtures to develop a new type 

of environmental protection building cement. BMSC differs from other magnesium cements in that it is 

a cementitious material that highlights admixtures. Both chemical admixtures and mineral admixtures 

aim at improving the properties of basic magnesium sulfate cement. 

2. Chemical admixtures 

Magnesium cement generally has the character of early strength, the hydration heat peak appears 

early, and the addition of additives such as sodium citrate in magnesium sulfate solution can inhibit the 

hydrolysis of magnesium ions in the solution to bypass reaction[3].The PH value of the slurry can be 

adjusted to a certain extent [4]. Chemical admixtures such as citric acid, malate, sodium gluconate, 

tartaric acid and calcium sulfate, etc. [5]. Tartaric acid (TA) and citric acid (CA) have the strongest 

adsorption ability on the surface of Mgo, and citric acid is more effective than tartaric acid in inhibiting 

the hydration and stabilizing the apparent volume[6].Citric acid can not only play the role of retarding 
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coagulation, but also form a multi-tooth ligand with magnesium ion according to some studies. It also 

can adsorb on the surface of Mgo and react with its surface layer. The formation of a stable hydrated 

hydroxyl magnesium ion intermediate, a trinuclear complex, is strongly adsorbed on its surface to 

promote the development of a more fine needle-like 5•1•7 phase. In the aspect of strength, different 

admixtures (Shown in Table 1) and the different amount of each admixtures (Shown in Table 2) have 

different effects on the strength. Zeng, et [2] It was found that the strength increased obviously when 

citric acid was added above 0.1% , but the strength decreased when citric acid was added to 0.33% of the 

active magnesium oxide can be seen in the table as well. There was also a significant reduction in 

magnesium hydroxide and magnesium carbonate [7]. 

 

Table 1: Different admixtures of BMSC [2, 8] 

 

Table 2: Different amount of each admixtures of BMSC [2] 

3. Mineral admixtures 

In addition to various chemical admixtures there are various kinds of mineral admixtures in many 

studies, common rice hull ash, fly ash, silica fume and so on. Rice is one of the three most important food 

crops in the world, along with corn and wheat. Between 2019 and 2020, the world produced 496 million 

tons of rice, according to a new report from the Food and Agriculture Organization of the United Nations. 

Rice Husk (RH) is the husk of rice grain, 20% of the total yield of rice is rice husk. Rice accounted for 

72%, bran for 5-8% and bran for 20-22%, the results showed that the content of amorphous silicon 
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dioxide in rice husk was abnormally high [9, 10]. The amorphous silicon dioxide is essentially silicon 

dioxide, which is one of the most active silicon dioxide [11, 12]. It is concluded that rice husk ash can be 

used as green concrete composite materials and be applied to the industrialization of ecological buildings 

[10]. At present, it is found that rice husk ash is added to geopolymer based on fly Ash [13], ultra high 

performance concrete [14], magnesium phosphate cement and other materials. The addition of rice husk 

ash can alleviate sulfate attack on the surface of the material, and the samples with rice husk ash also 

exhibit superior strength degradation compared to the Portland Cement. Although there are many 

researches on rice husk ash as admixture, there are few researches on basic magnesium sulfate cement 

with rice husk ash at present. At the moment, most research will be on the rice husk pretreatment, such 

as reasonable calcination and grinding, can greatly increase its non-qualitative silicon dioxide content to 

improve its activity, which will play an important role in improving the performance [15]. However, 

unreasonable burning of rice husk ash will not only make it not a green building material, but also cause 

environmental pollution. Currently, most rice husks are handled in a controllable way such as fluidized 

bed and industrial furnace. In addition to burning and grinding methods, existing research also uses 

hydrochloric acid, sulfuric acid and acetic acid to pretreat rice husks, and said that the pretreated Rice 

husks appear yellow-white and are more easily burned fully in combustion, it was found that the 

performance of rice husk soaked in hydrochloric acid was the best after controlling the concentration and 

soaking time [16]. In addition to rice husk ash, slag , silica fume [17], borax [18], fly Ash [2, 19, 20] etc, 

has been used in many researches [21]. In order to study the influence of these additives on the physical 

and mechanical properties of cement, the internal substitution method is mostly used. 

4. Conclusion 

The following conclusions can be drawn from the analysis of chemical admixtures and mineral 

admixtures in the existing literature: 

(1) In delaying water reactions, improved cement strength, sodium citrate is more remarkable than 

other extra additional effects, and 0.5% WT in MgO is generally achieved by the growth of 5•1•7. 

(2) As a mineral admixture, Rice Husk ash can effectively alleviate sulfate attack on the surface of 

materials, improve the compactness of cement, and the samples added Rice Husk ash also show excellent 

strength deterioration. 

To sum up, although there are many researches on chemical admixtures, there is still much room for 

further research on the effects of various mineral admixtures on Basic Magnesium Sulfate Cement. 
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