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ABSTRACT 

The use of Magnesium oxide (MgO) cement as a full replacement and viable alternative 

for Ordinary Portland Cement was studied. Rice husk, an agricultural waste, was 

calcined and synthesised to be used as a source of silica and a pozzolan in the 

production of this cement. Rice husk ash (RHA) of various particle sizes (45, 106 and 

150 μms) was used and varying dosages of superplasticiser were also used to alter the 

water to cement (w/c) ratio of the cement. The MgO/SiO2 ratio at 60% MgO - 40% SiO2 

and different w/c ratio variations of 0.85, 0.89 and 0.93 were used to prepare a cement 

mortar in a cube mould of 50x50x50 mm according to ASTM C 109. The compressive 

strength of the cement, after a seven-day steam curing, when compared to Ordinary 

Portland Cement was 8.29 and 13.32 respectively. X-ray diffraction (XRD), X-ray 

Fluorescence Spectroscopy (XRF) and Fourier Transform Infrared Spectroscopy (FTIR) 

characterisation were carried out to determine the crystallinity of the RHA, the elemental 

composition of the MgO and the formation of M-S-H respectively. The RHA with finer 

particles gave the best w/c ratio when used as a form of silica and pozzolan in the M-S-

H cement production and thus had the best compressive strength property. Curing of 

the M-S-H cement in steam was also seen to increase the compressive strength of the 

cement compared to curing in water. 

 

Keywords: MgO-SiO2 cement, Rice Husk Ash (RHA), Particle Size, Water to Solid 

ratio, Compressive strength 
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 INTRODUCTION CHAPTER ONE

 

 BACKGROUND OF STUDY 1.1

In the building and construction industry, the use of cement is unavoidable and is one of 

the most widely used building and construction materials. The most commonly used 

cement is Ordinary Portland Cement (OPC) which is produced from limestone resulting 

in many challenges including: total dependency on limited raw materials, increased 

demand for cement in concretes, environmental challenges, high energy use and high 

cost of production. For every ton of OPC produced, a similar amount of carbon dioxide 

is produced (Imbabi, Carrigan & McKenna, 2012). The cement industry has been 

described as the third most energy-intensive industry (Fapohunda, Akinbile & Shittu, 

2017). It has been shown that if 30% of the cement that is used globally is replaced by 

supplementary cementing materials during production or by direct substitution on the 

building site, the amount of carbon dioxide in the atmosphere would be reduced by 

about 60% (Fapohunda et al., 2017). 

 

To ensure sustainability, the use of substitute natural materials is constantly being 

researched in order to address the challenges posed by conventional OPC. These 

natural materials are thus to be used as either partial or full replacements of OPC. Their 

properties have been tested and in many cases are either similar to or have better 

properties than OPC. 

 

MgO-based cement, made out of a mixture of reactive magnesium oxide, amorphous 

silica and water, is a cementitious material that recently has been found useful as an 

alternative to OPC. MgO occurs naturally in some solid minerals, like magnesite, talc 

and dolomite. Agricultural and industrial wastes such as silica ash, fly ash, granulated 

ground blast furnace slag and other wastes capable of serving as pozzolan in the 

production of this cementitious material can be used to activate the reactive MgO. 
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 STATEMENT OF PROBLEM 1.2

The recent use of conventional OPC has posed major sustainability related challenges: 

high costs, environmental challenges, high energy requirements, over dependency on 

the product for construction owing to limited sources of alternative raw materials, 

density, poor performance in varying environments (acidic and alkaline), alkalinity of 

media limiting the use of natural fibres as reinforcement and the brittle nature of the 

product. In the quest to address these challenges, MgO cement has been introduced as 

an alternative material to conventional cement; however, there is still the issue of cost. 

Therefore, the use of locally sourced MgO and agricultural wastes such as RHA will go 

a long way towards reducing the cost of this cement. 

 

Waste from agriculture and industries, in most cases, is not properly disposed of thus 

negatively affecting the environment. Therefore, the utilisation of waste in the production 

of this cementitious material will go a long way to improving the environment. In 

addition, there are minerals in the earth’s crust that can address some of the issues with 

the use of OPC. 

 

The problem addressed by this research is the high cost of the production of cement for 

building and construction, as well as the sustainability challenges involved in the use of 

OPC. 

 

 OBJECTIVES 1.3

The main aim of the research is to develop MgO-based cement as an alternative to 

OPC. 

The specific objectives are to: 

1. produce MgO-based cement from the chemical synthesis of magnesium oxide 

and rice husk ash (RHA); 

2. study the effect of particle size variation of RHA on the cement; 

3. determine the physical and mechanical properties of the cement; and 

4. determine the factor that contributes to the strength of the cement. 
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 SCOPE OF THE STUDY 1.4

The work reported in this section covers the formulation of MgO-based cement and 

compares its strength to that of OPC. 

 

 LIMITATIONS OF THE STUDY 1.5

The limitation of this study was the inability to directly extract MgO from the available 

mineral resources (Dolomite) so as to enable detailed study. The characterization 

equipment was inaccessible at the time of the experiment and thus limited variation of 

certain parameters such as appropriate volume fraction of MgO and SiO2.  Unlike that 

of the ordinary Portland cement, MgO-SiO2 does not have existing testing standards or 

specimen preparation standards to clearly guide the experiment. 

 

 SIGNIFICANCE OF THE STUDY 1.6

This project will aid in solving some of the challenges posed by OPC and thus ensure 

the best composition of the raw materials, which will give the optimum performance of 

the cement. As the research suggests, because local material is generally cheaper than 

imported material, 100% use of locally available material can reduce the cost of housing 

units. Cement is the major constituent in infrastructure and hence, if its cost can be 

reduced by using cheaper local material, better sustainable housing will be attainable in 

Africa. 
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 LITERATURE REVIEW CHAPTER TWO

 

 OVERVIEW OF CEMENT AND BINDERS 2.1

Concrete is a composite made up of a binder, sand, aggregate and water. The binder 

commonly used is OPC. It has been estimated that the annual production of cement 

globally is about 2550 million tons (Zhang, 2012). Cement has been classified into 27 

varieties, shown below in Table 2.1. 

 

Table 2.1: Summary of the 27 different varieties of cement according to EN 197-1 

specification requirements. (Zhang, 2012) 

 

Sustainability is a major concern for every growing economy and should be addressed 

in every sector in order to achieve a functioning symbiotic relationship in the country. In 

order for sustainability to be achieved in the building and construction industry, cost-

effective, available, environmentally friendly and durable materials should be used, and 

as such, research needs to be aimed at the continued development of materials to meet 

the sustainability needs in this sector. 

 

Alternatively, other cementitious materials can be used in place of OPC in order to 

address some of the challenges that OPC poses. Some of these cementitious 

alternatives to OPC, are Geopolymer, MgO-based cement, magnesium sulphate-based 

cement, and  locally available materials such as silica ash, fly ash or blast furnace ash 

(Imbabi et al., 2012).  
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These materials are more environmentally friendly than OPC, as they are clinker free, 

low density, cost-effective, durable and require less energy when processed well. 

 

 Classification of Cement 2.1.1

Table 2.2 below summarises the different types of cement, their composition ad their 

properties.  

 

Table 2.2: Different types of cement, their composition and properties (Building 

technology guide, theconstructor.org) 

Types of Cement Composition  Purpose 

Rapid Hardening 

Cement 

Increased lime content. It attains high strength in a short period. It 

is used in concrete where formworks 

are removed at an early stage. 

Quick Setting 

Cement 

Small percentage of aluminium 

sulphate as an accelerator and 

reducing percentage of 

Gypsum with fine grinding. 

It is used in works to be completed in a 

very short period and concreting in 

static and running water. 

Low Heat Cement Manufactured by reducing 

tricalcium aluminate. 

It is used in massive concrete construction 

like gravity dams. 

Sulphate Resisting  

Cement 

It is prepared by maintaining the 

percentage of tricalcium 

aluminate below 6% which 

increases power against 

sulphates. 

It is used in construction exposed to 

severe sulphate action by water and 

soil in places like canal linings, 

culverts, retaining walls, siphons etc. 

Blast Furnace Slag 

Cement 

It is obtained by grinding the 

clinkers with about 60% slag 

and has more or less the same 

properties as Portland cement. 

 

It can be used for works where economic 

considerations predominate. 

High Alumina  

Cement 

It is obtained by melting a mixture 

of bauxite and lime and 

It is used in works where concrete is 

subjected to high temperatures, frost 
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grinding it with the clinker. It is 

a rapid hardening cement with 

initial and final setting times of 

about 3.5 and 5 hours 

respectively. 

and acidic action. 

White Cement It is prepared from raw materials 

free of iron oxide. 

It is costlier and is used for architectural 

purposes such as precast curtain walls 

and facing panels, terrazzo surfaces 

etc., 

Coloured Cement It is produced by mixing mineral 

pigments with ordinary cement. 

They are widely used for decorative works 

in floors. 

Pozzolanic Cement It is prepared by grinding 

pozzolanic clinker with 

Portland cement. 

It is used in marine structures, sewerage 

works and for laying concrete under 

water such as bridges, piers, dams 

etc. 

Air Entraining  

Cement 

It is produced by adding 

indigenous air entraining 

agents such as resins, glues 

and sodium sulphate etc. 

during the grinding of the 

clinker. 

This type of cement is especially suited to 

improve the workability with a smaller 

water cement ratio and to improve 

frost resistance of concrete. 

Hydrographic  

Cement 

It is prepared by mixing water-

repelling chemicals. 

This cement has high workability and 

strength. 

 

 MAGNESIUM OXIDE-BASED CEMENT 2.2

MgO, an alkaline earth metal oxide, also known as magnesia, consists of a magnesium 

ion and an oxygen ion held together by an ionic bond. MgO has a density of 3.58 g ml-1, 

a room temperature solubility of 6.2 g x 10-6 g per gram of water and a melting point of 

2827°C (±30°C). It has a cubic crystal structure and its molecular mass is 40.3 g mol-1. 

The concept of using a magnesium silicate bond to form a cementitious product has 

existed for over a hundred years. In 1889, Cummings claimed to produce a magnesium 
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silicate cement by mixing and calcining magnesium carbonate and using the finely 

pulverised silica to form a hydraulic powder. 

 

The first major systematic studies of magnesium silicate hydrates (M-S-H) gels for use 

as a non-PC binder in refractory castables began in the late 1980s (Sandberg & 

Mossberg, 1989). The binder was based on a blend of jet-milled fine burnt MgO and 

micro silica, which can be sprayed onto a substrate, providing resistance to 

temperatures up to 1500°C. Based on this, subsequent research has investigated the 

properties of different MgO-based cement systems as potential binders that can be 

used for some standard cement applications. 

 

Research at the Imperial College London (Zhang et al., 2012) found that the addition of 

a hydrated magnesium carbonate to MgO prior to hydration resulted in the improvement 

of the setting time and strength. One of the main objectives of this research was to 

understand how the addition of magnesium carbonate gave the system cement-like 

properties. Based on this, the various strengths could be investigated and the main 

parameters that affect strength could be identified, thus allowing for future optimisation. 

It was found that the presence of the carbonate and its effect upon the pH system 

altered the type of Mg(OH)2 formed, giving a more stable microstructure that accounted 

for the strengths achieved. The type of MgO was found to be an important factor, as 

was particle size. Additionally, in order to reduce the water requirement, a 10% 

carbonate – 90% MgO mix was chosen as the optimum mix. 

 

The second system studied was the silica (SiO2) – MgO system. This was investigated 

in order to assess the potential of the reaction between MgO and silica to form M-S-H 

gel and also to study the mechanism of the formation of the reaction products. It was 

found that the reactive MgO and amorphous silica can react together upon hydration to 

form a mixture of M-S-H gel and Mg(OH)2, depending on the SiO2/MgO ratio. These 

systems’ compressive strengths are dependent on the type of silica used. An optimum 

mix of 30% silica – 70% MgO (by dry weight) was found. Finally, a simple ternary 

system of magnesium carbonate – silica (MgO-SiO2) was investigated in order to 
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assess if the presence of the combination of both additives could create a better system 

than either of the two-component systems. Strength results suggested that there is no 

added benefit to the system in combining the two-component systems. For all three 

systems studied, the high water to solid ratio (w/s) ratios required were found to be a 

significant limiting factor. 

 

The MgO-based system, which has been gaining attention as a potential alternative 

binder, is the MgO – SiO2 system, where SiO2 and MgO can react to form M-S-H gels 

analogous to C-S-H gels (Zhang et al., 2014). 

 

In the MgO-based cement, the matrix material is MgO-SiO2, which is obtained by the 

chemical reaction of the reactive MgO and SiO2 fume to form a mixture known as 

brucite or hydrated magnesium silicates M-S-H gel. MgO is obtained from the chemical 

extraction of magnesite (MgCO3), dolomite (CaCO3.MgCO3) or talc (H2Mg3(SiO3)4). In 

Nigeria, only dolomite and talc are readily available in abundance, while magnesite is 

found in trace quantities. 

 

M-S-H gels are the main hydration products for the primary binding phase at room 

temperature in the MgO-SiO2-H2O system. They present good cementitious properties 

and contribute to the strength development of MgO-SiO2-H2O, with its other outstanding 

properties, such as high corrosion resistance, high temperature resistance, good 

surface gloss, lightweight and excellent mechanical properties (up to 70 MPa at 28 

days). There is little information on the deposits of these minerals in Africa where, 

almost certainly, there exist large deposits. 

 

 MAGNESIUM OXIDE (MGO) PRODUCTION FROM DOLOMITE 2.3

Al-Zahrani and Abdulrahim Ahmad (2015) report that dolomite (CaCO3.MgCO3) and 

magnesite (MgCO3) rock provide the major sources of magnesium and its compounds.  

It is also produced from the thermal hydrolysis of hydrated magnesium chloride (MgCl2), 

magnesium sulphate (MgSO4), magnesium sulphide and basic carbonate (Ding et al., 

2001; Duhaime et al., 2002). 
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There are several ways to prepare dolomite, depending on the economy and efficiency 

of the process. Huang et al. (2017) reported on the production of MgO through leaching. 

Dolomite was crushed and calcined for one hour before being cooled and then ground. 

A slurry was obtained by adding and stirring in a certain amount of the calcined dolomite 

powders to 200 ml of deionised water in a water bath at 50°C for 30 minutes. Leaching 

was done using a saturated solution of ammonium sulphate that was dissolved in 300 

ml of deionised water. Impurities to the magnesium sulphate solution such as Fe2+, 

Fe3+, Al3+ ions were removed by adding 10 ml of 30% hydrogen peroxide as an oxidant 

and regulating the pH to 7 with an ammonia solution. The product was then filtered; 

and, after washing and drying, the particles were further reduced through grinding and 

calcined to get to the required grade of MgO powders, as seen in Figure 2.1. 

 

 

Figure 2.1: Process flow diagram of preparing MgO powders from calcined 

dolomite (Huang et al., 2017) 

 



10 
 

Chemical reaction for the calcination of dolomite: 

𝐶𝑎𝑀𝑔(𝐶𝑂3)2 → 𝐶𝑎𝐶𝑂3 + 𝑀𝑔𝑂 + 𝐶𝑂2↑ 

𝐶𝑎𝐶𝑂3 → 𝐶𝑎𝑂 +  𝐶𝑂2↑ 

 

Chemical equation for the leaching of magnesium: 

𝑀𝑔𝑂 + (𝑁𝐻4)2𝑆𝑂4 → 𝑀𝑔𝑆𝑂4 + 2𝑁𝐻3 + 𝐻2𝑂 

 

MgO nanopowders have been used widely as refractory materials, superconductor 

materials, toxic waste adsorbents, antibacterial materials and polymer reinforcement 

agents due to their excellent mechanical, thermodynamic, optical, electronic and special 

chemical properties (Huang et al., 2017). 

 

US patent (4370422) describes a preparation of MgO where calcined dolomite is added 

to brine to produce MgO and CaO. The resultant molar ratio of (MgO+CaO):MgCl2 is in 

the range of 0.66:1 to 0.05:1. 

 

Dolomite, estimated to have a reserve deposit of 24 million tonnes in Nigeria, is found in 

the Kogi, FCT, Niger, Oyo, Kadunna, Kwara and Edo regions (Moorkah & Abolarin, 

2005). Magnesite, which is yet to be fully exploited in the country, has its reserve 

deposits in the Adamawa and Kebbi regions. Talc, which can serve as a source of MgO, 

can be found in the Kogi, Kadunna, Niger, Ekiti, Nasarawa, Osun, Oyo and Yobe 

regions of Nigeria (Figure 2.2). 



11 
 

 

 

Figure 2.2: Distribution of different minerals containing Magnesium Oxide (MgO) 

in parts of Nigeria 

 

The advantages of MgO-based cement include: 

1. Light weight 

2. Low alkalinity compared to OPC 

3. Low energy requirements for production 

4. Resistance to sulphate attacks and other environmental threats 

5. Comparable mechanical properties 

6. Alternative to OPC 

7. Waste utilisation (agricultural and industrial wastes) 
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The disadvantages of MgO-based cement include: 

1. High-water demand 

2. Poor workability at low W/C ratios 

 

 POZZOLANS 2.4

Pozzolans are defined as siliceous, or siliceous and aluminous materials, which in 

themselves possess little or no cementing property. However, in a finely dispersed form, 

in the presence of water, pozzolans can chemically react with calcium hydroxide at an 

ordinary temperature to form compounds possessing cementitious properties (Nair et 

al., 2014). 

 

Pozzolanic materials, which consist predominantly of silica or alumina, aid in the binding 

characteristics of the cement by combining with the cement material in the presence of 

water to produce new reaction products (Dembovska et al., 2017). 

 

Lately pozzolanic materials have been competing as supplementary materials in 

Portland cement pastes and may replace part of the clinker in order to enhance the 

performance of the hydrated cement. This plays a major role in cement production to 

reduce the emission of CO2 during the calcination of limestone; also to increase the 

durability, lower the hydration heat, increase the resistance to sulphate attack and 

reduce the energy cost per cement unit. 

 

Some examples of pozzolan-based cements formed as a result of the substitution of the 

pozzolanic materials for the cement material are shown in Table 2.1. 

 

Silica fume (SF) as a source of pozzolan addition to cement, accounts for the prolonged 

dormant period at the low w/c ratio. This can be explained by the water absorption 

behaviour of the SF layer on the content particles (Dembovska et al., 2017). SF is 

composed of very small particles which may form agglomerations when mixed with 

water and are soon covered with a gel-like layer. 
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 Water then becomes trapped in this layer, which has been suggested as the cause of 

the rapid water consumption of SF mixtures. 

 

 Rice Husk Ash (RHA) Source of Pozzolan Addition to Cement 2.4.1

RHA is waste from the agriculture sector, which accounts for 20% of the 649.7 million 

tonnes of rice produced annually worldwide (Habeeb & Mahmud, 2010). In most 

developing countries and some parts of South America, rice is grown in large quantities 

and the husk from the rice, which is mostly waste, can be a concern to the environment 

when not properly disposed. The use of RHA as a raw material for the production of 

cementitious materials aids to reduce the environmental concerns of this waste, while 

taking advantage of it in engineering applications. The suitability of RHA for the 

production of structural concrete, having been classified as highly reactive pozzolan, is 

not only considered an environmentally friendly construction material, but also reduces 

the cement constituents of concrete production. 

 

Amorphous silica, required for the production of MgO-based cement, is obtained from 

the calcination of rice husk, at a given temperature variation and duration. This has 

been used by several researchers to establish the mechanisms and processes for the 

utilisation of RHA as a silica source in the production of cement. 

 

 Production, Structure and Physical Properties of Rice Husk Ash (RHA) 2.4.2

The burning of the husk at a controlled temperature below 800°C can result in the ash 

product, with silica mainly in an amorphous form (Habeeb & Mahmud, 2010). The 

structure of RHA is determined by the environment and conditions of 

burning/calcination. The rice husk contains about 50% cellulose, 25-30% lignin and 20-

25% of silica (Fapohunda et al., 2017). During calcination, cellulose and lignin are 

removed, leaving behind silica ash; and, depending on the temperature and duration of 

calcination, crystalline or amorphous forms of silica can be obtained (Fapohunda et al., 

2017; Nair et al., 2014). According to Fapohunda et al. (2017), the RHA sample has 

irregularly shaped particles with many micropores that result from the burning out of the 

organic component, thus causing a higher loss on ignition value in the RHA. 
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Table 2.3 shows the dependence of structure/crystallinity of the RHA on the burning 

temperature. 

 

Table 2.3: Effect of burning temperature on structure of RHA (Fapohunda et al., 

2017) 

Temperature Structure of rice husk ash (RHA) Specific surface area 

(m2/g) 

Up to 500 Particles are spherical or globular in shape with 

porous structure. 

0.5 – 2.1 

500 – 600 Particles are non-crystalline and partially 

crystalline. There is presence of fine porous 

crystalline grains, smaller than 1 mm, possibly 

manifesting the transformation between the 

amorphous and the crystalline state. 

76 – 122 

600 – 700 Amorphous particles and diameter of pores is 

highest. 

100 – 150 at low 

temperature 

700 – 800  Partly crystalline, formation of coral-shaped 

crystals. 

6 – 10 

800 – 900 Crystalline <5 

900 – 1000 The formation of coral-shaped crystals increased 

and progressively finer and melted 

considerably. 

-- 

 

During their structural investigation of the pozzolanic activity of RHA, Nair et al. (2014) 

reported that the highest amounts of amorphous silica occurred in samples calcined in 

the range of 500°C – 700°C. Additionally, in a study on the properties of RHA as a 

mineral admixture in concrete, Nehdi, Duquette and El Damatty (2003) confirmed that, 

by calcining rice husk at a temperature not exceeding 700°C, the silica in the RHA 

becomes predominantly amorphous and is thus, like cement environments in hydrating 

cement paste, reactive under alkaline conditions. Nair, Fraaij, Klaassen and Kentgens 

(2008) reported that the greatest pozzolanic reaction of RHA was at temperatures 

between 600°C and 700°C. 
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 REVIEW OF CURRENT WORKS ON THE EFFECTS OF POZZOLAN 2.5

ADDITION ON THE PROPERTIES OF MGO-BASED CEMENT 

On the strength and workability of the M-S-H binder system, Tran and Scott (2017) 

reported that the compressive strengths of mortar samples of the M-S-H binder were as 

great as 87 MPa, with a Mg/Si molar ratio of 2.25 (60% MgO and 40% SF), a w/c ratio 

of 0.3 with a 3% superplasticiser and a 10 – 40% replacement with fine aggregate (very 

finely crushed quartz). It was also reported that the crushed quartz filler content was 

found to affect the strength of M-S-H samples; samples without the filler had the lowest 

compressive strength. The introduction of filler content at 40% reduced the w/s ratio 

from 0.36 to 0.21 and increased the compressive strength from 43.7 to 87 MPa in 28 

days. 

 

The ultimate compressive strength (UCS) (Jin & Al-Tabbaa, 2014) on the strength and 

hydration products of reactive MgO-silica pastes, was reached after 56 days of curing 

after which, continued curing decreased the UCS. This phenomenon can be attributed 

to the fact that the interaction between MgO and micro silica was completed after 2 

months and further soaking may have induced the leaching of ions, leading to the 

dissolution of the hydration products and to further strength reduction. The reactive 

MgO produced more brucite in a short time and gained 6 MPa after 28 days of curing 

and about 15 MPa after 56 days of curing. It also showed that the compressive strength 

increases with the increasing silica content in the range of 0% to 50%, despite the 

increase in w/c ratio at the higher silica replacement levels. 

 

Setina, Gabrene and Juhnevica (2013) reported that the cementitious properties of 

pozzolanic materials in pores decreased the number of pores in the 0.5 – 10-3 μm range 

thus affecting the structure and chemical durability of concrete. They also reported that 

pozzolanic additives activate the mineralisation of concrete minerals; therefore, cement 

with pozzolanic additives can serve as a material with high chemical resistance. Jin, 

Abdollahzadeh and Al-Tabbaa (2013) researched the effect of the different types of 

MgO on the hydration of MgO-activated granulated ground blast furnace slag (GGBS) 

paste.  
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The UCS values of all MgO-GGBS pastes at curing ages of 7, 28 and 90 days indicated 

that the MgO successfully activated the GGBS and the strength increased with time; the 

UCS was about 23-30 MPa after 90 days of curing. 

 

Zhang et al. (2014) reported a high compressive strength of 70 MPa at 28 days for an 

M-S-H binder system containing 20% MgO, 5% MgCO3, 25% SF and 50% quartz sand 

filler, with a w/c ratio of 0.4 using 1% sodium hexametaphosphate as a superplasticiser 

to reduce the water requirement of the cement mortar. 

 

Sathawane, Vairagade and Kene (2013) researched the combined effect of RHA and fly 

ash (FA) on concrete using a 30% cement replacement. The target strength of the 

concrete produced with different percentages of RHA and FA was 32.1 MPa, while the 

conventional concrete had a 45.78 MPa compressive strength. They achieved a 

compressive strength of 46.67 MPa using a combination of RHA and FA at 22.5% and 

7.5% respectively. This was greater than the strength of the control concrete but less 

than the target strength. 

 

Setina et al. (2013) also reported that the addition of pozzolanic material resulted in the 

concrete reaching a high compressive strength, above 95 MPa, even after exposure to 

a sulphate solution. 

 

 EFFECTS OF THE ADDITION OF POZZOLAN ON THE PROPERTIES OF 2.6

OTHER CEMENTITIOUS MATERIALS 

The substitution of cement, especially OPC, with pozzolan materials reduces the rate of 

strength development in the early stages. This phenomenon may be explained by the 

slow pozzolanic reaction (Shatat, 2016). Therefore, initially the strength of pozzolanic 

cement is less than that of OPC. 

 

Dembovska et al. (2017) reported that the compressive strength of cement without the 

addition of pozzolan had a higher earlier (3–14 days) strength of 69 and 92 MPa 

respectively.  
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However, with the addition of up to 10% pozzolan it exhibited a better compressive 

strength of 108 MPa at 56 days. With 20% addition the compressive strength was 107 

MPa. Dembovska et al. (2017) thus concluded that the inclusion of pozzolans leads to 

an increase in mechanical properties. Zareei, Ameri, Dorostkar and Ahmadi (2017) 

reported in their study that the compressive strength of the cement using 20% RHA 

replacement produced a maximum of 93.28 MPa at 28 days as opposed to 83.26 MPa 

for the control. Dembovska et al. (2017), in their study on the effect of pozzolanic 

additives on the strength development of high performance concrete, reported that the 

reduction of the amount of cement in the composition and the proportional increase of 

pozzolan (SF) in the composition resulted in the reduction of the maximum temperature 

of the heat of hydration. Sathawane et al. (2013) reported that the percentage of w/c 

ratio is reliant on the quantity of RHA used in concrete, due to fact that RHA is a highly 

porous material. The w/c ratio used was 0.44 with a varying content of superplasticiser 

to maintain a slump for all the mixtures. Dembovska et al. (2017) reported that for the 

low w/c ratios, SF reduces the rate of heat of hydration during the acceleration period 

and increases the rate after the acceleration period. Zareei et al. (2017) indicated that 

concrete with RHA required more water for a given consistency due to the absorption 

property of the cellular RHA particles. The w/c ratio required was 0.4. 

 

 SUPERPLASTICISERS FOR REDUCTION OF THE WATER DEMAND OF 2.7

CEMENTITIOUS MATERIALS 

There have been many issues around the incompatibility between cements and water-

reducing chemical admixtures, namely loss of workability, alteration of setting 

behaviour, reduced rates of strength gain and change in long-term behaviour. 

Modern concrete usually possesses additives, either in mineral or chemical form. In 

particular, chemical admixtures such as water reducers and set controllers are 

invariably used to enhance the properties of fresh and hardened concrete 

(theconcreteportal.com). 

 

A superplasticiser is a chemical admixture that is added to cement mortar or concrete 

before or during mixing, in order to enhance the properties of the cement.  
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Several superplasticisers are used for concrete. The general-purpose chemicals include 

those that reduce water demand for a given workability (water reducers), those 

entraining air in the concrete for providing resistance to freezing and thawing action (air 

entrainers) and those chemicals that control the setting time and strength gain rate of 

concrete (accelerators and retarders). Apart from these chemicals, there are others with 

specific purposes, namely viscosity-modifying agents, shrinkage-reducing chemicals, 

corrosion-inhibiting admixtures and alkali-silica reaction mitigating admixtures. 

 

Water-reducing chemicals reduce the water content of cement mortar or concrete by 

reducing the water demand of the cementitious material, while still maintaining a 

constant workability. By increasing the compressive strength, which is a function of the 

w/c ratio, while keeping the water content constant, the strength and durability of the 

concrete or cement mortar is increased. All these contribute to making concrete and 

cement cheaper. 

The water reducing superplasticisers are classified into: 

 Lignosulphonates 

 Sulphonated melamine formaldehyde (SMF) 

 Sulphonated naphthalene formaldehyde (SNF) 

 Polycarboxilic ether (PCE) 

  



19 
 

 MATERIALS AND METHODS CHAPTER THREE

 INTRODUCTION 3.1

A range of experimental and analytical methods has been used in this research to 

characterise the raw materials and the reaction products of the hydrated binder systems 

studied. Raw materials were characterised using energy dispersive x-ray spectroscopy 

(EDS) to analyse the elemental composition of the RHA calcined at 650°C for 1 hour, 

XRF to characterise the composition of the light burnt MgO, and XRD to analyse the 

crystallinity of the calcined RHA. Fourier transform infrared spectroscopy (FTIR) has 

been used to identify the functional groups existing in the different components (MgO, 

RHA) and that of the cementitious material (M-S-H).  

 

 

Figure 3.1: The experimental design   

Raw materials (MgO, RH,sand,S.P,water) 

calcination of RH (650°C, 1hr) 

cooling RHA to room temp.calcination of RH (650°C, 1hr) 

pulverizing RHA to fine particles 

sieving to required sizes 

mixing at given ratios  

casting into a mould 

demoulding after 24 hrs 

curing in different media 

physical/mechanical testing 

analysis/result 

conclusion 
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 RAW MATERIALS 3.2

The types of material used for this study were: 

 

 Magnesium Oxide 3.2.1

A local chemical supplier, Finlab in Abuja, Nigeria, supplied the MgO. The extra pure 

(light) MgO is a whitish powder, with a molecular weight of 40.30, its particle passing 

through the 75 μm mesh size. It is a light-burnt MgO powder which is a property that 

makes it reactive. The chemical composition of the MgO is given in Table 3.1. 

 

Table 3.1: Elemental composition of extra pure (light) MgO 

Composition Percentage (%) 

MgO 96-100 

Chloride 0.004 

Sulphate 0.001 

Lead <0.003 

Sodium <0.2 

Potassium <0.005 

Calcium 0.008 

Zinc <0.002 

Arsenic  <0.001 

Iron  0.002 

Solubility in water 0.03 

Loss on ignition 0.11 

 

 Rice Husk Ash (RHA) 3.2.2

Rice husk was obtained from local suppliers in Niger state, Nigeria. The rice husk was 

calcined at 650°C in the furnace for one hour to obtain the RHA. The ash was quickly 

cooled at room temperature to ensure full transformation of the ash to a crystalline form 

of silica. The particles of the RHA were further ground using a grinding stone to achieve 

a fine particle that would pass through a 45 μm sieve shaker.  
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Samples of this fine RHA were characterised using EDS and XRD in order to analyse 

the composition and crystallinity of the RHA. FT-IR was used to identify the major 

functional groups present in the powder. Different sized RHA particles were used to 

synthesise the MgO. Particles passing through the sieve mesh at 45 μm, 106 μm, 150 

μm and 425 μm were used. 

 

 Sand 3.2.3

River sand from Nasarawa, Nigeria was used and sieved to different particle sizes. 

Particles passing through 150 μm were used as a source of fine aggregate to produce 

the cement mortar. 

 

 Superplasticisers 3.2.4

Different superplasticisers were used in the research. SNF from Lobatech chemical 

suppliers in Abuja, Nigeria; Conplast superplasticiser from the China Civil Engineering 

Construction Corporation (CCECC); and sodium hexametaphosphate from the Nigerian 

Building and Road Research Institute. Different dosages of SNF and Conplast were 

used (1%, 2%, and 3%), while the sodium hexametaphosphate was used at 1% weight 

of the cement. The analysis of the optimisation of the liquid superplasticisers (SNF and 

Conplast) showed that, when used at their different dosages, they reduced the amount 

of water required to form a workable cement by 22%. While only 1% of sodium 

hexametaphosphate (NaHMP) reduced the water by the same amount (22% reduction). 

Further addition of NaHMP reduced the water more but led to a reduction in the strength 

of the cement. 

 

 WATER DEMAND FOR MGO, RHA AND M-S-H 3.3

The w/c ratio for each of the components of the M-S-H was established by using 10 g of 

each of the individual components (MgO and RHA), 60% MgO – 40% SiO2 and 40% 

MgO – 60% SiO2 at different superplasticiser dosing and different particle size 

distribution; 10 g of these components were prepared at different particle sizes (45, 106 

and 150 μm) and was mixed with different superplasticiser dosages of SNF (1%, 2% 

and 3%).  
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A given amount of water in grams was measured as initial water, and was slowly added 

to the materials until it was able to form a paste. The final value of water remaining in 

the beaker was subtracted from the initial amount of water to get the amount of water 

used; then the w/c material was calculated. 

 

 PREPARATION OF SAMPLES 3.4

 Samples for Moulding 3.4.1

For the production of mortar samples, the following method was used: MgO (40%), RHA 

(26.6%), sand (33.3%) and Hexa Metaphosphate (NaHMP) superplasticiser (1%) were 

mixed together using a hand mixer to homogenise them, before water was added. (Note 

that the superplasticizer is not part of the mixture, it is only a water reducer.) 

 

This was varied for different particle size distribution of the silica ash (RHA) at variations 

of 45, 106, 150 and 425 μms. After homogenisation, a certain amount of water was 

slowly added to the dry mixture and vigorously turned until the mixture formed a paste. 

Due to the high insolubility of MgO and the increased water demand of both MgO and 

RHA the mixture had to be turned at a higher energy and for longer. This paste is 

workable with the addition of a few drops of water. The remaining water was measured 

and subtracted from the initial water measured to get the amount of water used to form 

a workable mortar paste. The quantity of water against the quantity of the cementitious 

material (MgO + RHA) will give the w/c ratio. 

 

After mixing, the paste was placed into the mould that was already lubricated with car oil 

to ensure easy demoulding. The samples in the mould were tapered using a hand taper 

to prevent air from being trapped within the structure of the material and to prevent the 

formation of voids. The samples were left to set for 24 hours at room temperature, after 

which they were demoulded and cured in steam for 7 or 28 days at 45°C in the furnace. 

Some other samples were cured by soaking them in water, some for 7 days and some 

for 28 days. 
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To achieve steam conditions of 45°C in the furnace, 1000 ml glass beakers were filled 

with water and the cube samples placed beside them. The temperature of the furnace 

was then set at 45°C. 

 

 Mix Ratio 3.4.2

Data from the literature demonstrates that the MgO-SiO2 ratio of 60% - 40% gives the 

optimum properties for the MgO-based cement. Therefore, this study used the 60% 

MgO - 40% SiO2 ratio. A sand to cementitious (s/c) ratio of 0.5 was used by measuring 

the amount of sand and cement in grams that would give the required ratio. After a 

series of trials, it was established that 86 g of the cementitious material, comprising 51.6 

g of MgO and 34.4 g of SiO2, would fill one 50 mm cube mould. Therefore, for every 86 

g of cementitious material,  43 g of sand would be required. Due to the high water 

requirement of MgO, varying types and dosages of superplasticisers were used to 

achieve a good w/c ratio. Varying w/c ratios were used, namely: 1.57, 1.01, 0.91 and 

0.85 for the different types (SNF, SP432ms Conplast superplasticiser and sodium 

hexametaphosphate) and the dosage of superplasticisers was 1%, 2% and 3%. 

 

 COMPRESSIVE STRENGTH TESTING 3.5

The UCS of the samples was measured as follows: the surface areas of the cured 

samples were dried and tested after 7 days and then 28 days. An ADR-Auto strength 

machine from ELE international was then used to apply a force at a constant loading 

rate of 2.4 KN/s and the force at which the sample failed was recorded. The UCS (MPa) 

of each block was calculated by dividing the maximum force (N) applied by the area 

(mm2) of the block in contact with the loading plate: 

𝑈𝐶𝑆 =
𝐹𝑚𝑎𝑥

𝐴
     (1) 

 

Three identical samples of the same composition were made, weighed in air and the 

compressive strength of each one was measured and the average measurement 

calculated.  
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The average compressive strength was determined by dividing the individual 

compressive strength of the tested samples by 3 

 𝐴𝑣. 𝑈𝐶𝑆 =
𝑋1+𝑋2+𝑋3

3
   (2) 

X1, X2, X3 = individual compressive strength value 

 

 CHARACTERISATION MICROSTRUCTURE AND MORPHOLOGY 3.6

Material characterization is the process of measuring and determining physical, 

chemical, mechanical and microstructural properties of materials. This allows for 

elemental analysis of these materials to determine their elemental compositions, 

structure and chemical groups. This process also leads to higher level of understanding 

needed to resolve important challenges in materials, such as causes of failure and 

process related problems. Example of characterization equipment are: Scanning 

electron microscopy (SEM), Ultra violet-visible spectroscopy (UV-Vis), Fourier transform 

infrared spectroscopy (FTIR), X ray fluorescence spectroscopy (XRF), X-ray 

Diffractometer (XRD), etc. The microstructure of the material reveals the structure of 

material at the micron scale. With the help of microscopy, it gives detailed information 

about the structure of a material that will not be seen with the naked eye. The 

morphology of materials thus describes the physical properties of the material with 

regards to its shape, texture, colour, etc.  

 

 X-ray Diffractometer (XRD) 3.6.1

XRD is used to determine the crystalline phases present in a material. Solid matter can 

be divided into two categories: amorphous and crystalline. While an amorphous material 

is made up of atoms arranged in a random way, crystalline material consists of atoms 

arranged in a regular three-dimensional array. Typically, the wavelengths of X-rays are 

of the same order of magnitude as the small d-spacing between the crystal planes. 

Therefore, when a concentrated monochromatic X-ray beam is directed at a crystalline 

sample, the repeated pattern of the crystal acts as a diffraction grating and, if the X-rays 

are scattered/diffracted by the atoms in the crystal plane to interfere constructively, 

intense ‘reflected’ X-rays will leave the crystal at an angle equal to the incident beam. 
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For this to occur, it is required that the plane of the crystalline material be parallel to the 

plane surface of material. Bragg’s Law, shown below, relates the wavelength of the 

incident X-ray, the interplanar or d-spacing and the angle of incidence (Langford & 

Louer, 1996). The underlying equation of XRD analysis: 

2d sinθ = nλ 

n = the diffraction order (this must be an integer for constructive interference) 

λ = the wavelength of incident x-rays 

d = the ‘d’ or interplanar spacing 

 

 Fourier Transform Infrared Spectroscopy 3.6.2

In IR spectroscopy, a photon of IR radiation, of a known frequency, is absorbed by the 

sample causing the molecules to be promoted to higher vibrational states. If the energy 

of the photon is equal to that of the energy separation between vibrational states of the 

molecule, energy will be absorbed to induce vibrational excitation of the covalent bonds 

of the molecule and absorption spectra can be obtained. As the wide range of 

vibrational motions of molecules is dependent on their component atoms, the absorption 

that occurs corresponds to the energy of these vibrations and the spectra will give, 

therefore, an insight into the molecular structure of the sample (Shriver & Atkins, 1999). 

For this investigation, a Thermo scientific Nicolet iS10 spectrometer using Fourier 

transform (FT) was used. Approximately 0.1 g of the sample was mixed with 10 g of KBr 

and pressed to form discs for analysis. 
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 RESULTS AND DISCUSSION CHAPTER FOUR

 

 CHARACTERISATION, MICROSTRUCTURE AND MORPHOLOGY  4.1

 X-ray Diffraction Spectrometry 4.1.1

The crystallinity of the silica (RHA) used in the production of the M-S-H cement is 

shown in Graph 4.1. 

 

Figure 4.1: XRD spectra for RHA as an amorphous silica 

 

The broad peak seen in the graph in Figure 4.1 corresponds to the crystalline pattern of 

amorphous silica. This phenomenon has been confirmed in the literature (Nair et al., 

2014). The amorphous nature of silica makes it possible for it to react completely with 

MgO to produce an M-S-H gel. 

 

 Fourier Transform Infrared Spectroscopy (FTIR) 4.1.2

The graphs in Figures 4.2, 4.3 and 4.4 below show the FTIR spectra of MgO, RHA and 

M-S-H. 
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  Figure 4.2: FTIR spectra for MgO Figure 4.3: FTIR spectra for RHA 

 

Figure 4.4: FTIR spectra for M-S-H 

 

The FTIR spectra correspond to already existing spectra for MgO, RHA and M-S-H, 

confirming that the production of amorphous silica from RHA was successful and the 

synthesis of silica and RHA to produce (M-S-H) was also successful. 

 

 WATER ABSORPTION OF MAGNESIUM OXIDE (MGO) AND RICE HUSK 4.2

ASH (RHA) 

In order to determine the required particle size of the RHA to be used as a pozzolan in 

the formation of the M-S-H cement, the water demand for different sizes of RHA 

passing through specified sieve sizes (45, 106 and 150 μms) was determined. 

Table 4.1 shows that the finer particles passing through the 45 μm mesh size required 

less water to form a paste than the coarser particles passing through the 150 μm mesh 

size. 
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Table 4.1: Water absorption analysis for 100% MgO and RHA 

S/N Particle size %MgO %RHA %s.p W/c 

1 106 100 0 1 1.30 

2 106 100 0 2 1.30 

3 106 100 0 3 1.30 

4   45 0 100 1 0.64 

5 106 0 100 1 0.86 

6 150 0 100 1 0.99 

7   45 0 100 2 0.62 

8 106 0 100 2 0.78 

9 150 0 100 2 0.98 

10   45 0 100 3 0.59 

11 106 0 100 3 0.77 

12 150 0 100 3 0.94 

 

 

Figure 4.5: Graph of w/c ratio against superplasticiser dosage for the various 

particle size distribution of RHA 

The graph in Figure 4.5 shows that the RHA particles passing through the 45 μm mesh 

size of the sieve, at different superplasticiser dosages (1%, 2%, 3%) had the w/c ratios 
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of 0.64, 0.62 and 0.59 respectively. Therefore, this will be recommended for use in the 

formation of the M-S-H cement of 60% MgO - 40% SiO2. 

 

Table 4.2: Water demand for 60% MgO - 40% SiO2 

S/No  Particle Size %MgO %RHA Superplasticizer dosage (%) w/s ratio 

1  45  60  40  1  1.21  

2  45  60  40  2  1.06  

3  45  60  40  3  0.85  

 

It can be seen in Table 4.2 that the individual components (MgO and RHA) of the M-S-H 

cement had a high water demand resulting in an increased w/c ratio. The best w/c ratio 

for a 60% MgO - 40% SiO2 was 0.85 for a superplasticiser dosage of 3% the weight of 

cement and at a particle size for particles passing through the 45 μm sieve mesh.  

 

After curing for 28 days, samples of M-S-H and OPC were soaked in water for 24 hours 

to determine the percentage water uptake and the variations between the M-S-H 

cement and OPC are illustrated in Table 4.3. 

 

Table 4.3: Percentage water uptake variations between M-S-H cement and OPC 

Sample 
Initial mass of 

sample before 

soaking (g) 

Final mass of 

sample after 

soaking (g) 

Percentage water absorption 

(
𝒊𝒏𝒊𝒕𝒊𝒂𝒍 𝒎𝒂𝒔𝒔 − 𝒇𝒊𝒏𝒂𝒍 𝒎𝒂𝒔𝒔

𝒊𝒏𝒊𝒕𝒊𝒂𝒍 𝒎𝒂𝒔𝒔
 𝒙 𝟏𝟎𝟎) 

M-S-H cement 159.45 201.76 26.5% 

OPC 239.86 271.29 13.1% 

 

The M-S-H, with 26.5%, had more water absorption than the OPC, which had about 

13.1%. 
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 COMPRESSIVE STRENGTH 4.3

The ultimate compressive strength results of the M-S-H samples were determined firstly 

by producing samples with different RHA particle sizes and then curing the samples by 

soaking them in a water medium for a period of 7 and 28 days. From the data shown in 

Table 4.4 the highest compressive strength was found when RHA particles smaller than 

45 μm were used. These samples were then cured in steam.  

 

Table 4.4: Compressive strength for M-S-H cement cured in water for 7 and 28 

days 

Particle 

size (μm) of 

RHA 

W/c ratio Super 

plasticizer 

dosage 

Curing 

medium 

7 day 

compressive 

strength(MPa) 

28 day 

compressive 

strength 

(Mpa) 

45 0.85 3% Water 4.60 6.20 

45 0.89 2% Water 4.40 5.93 

45 0.93 1% Water 4.15 4.86 

 

The results in the graph in Figure 4.6 demonstrate that M-S-H cement made with RHA 

particles smaller than 45 μm and a w/c ratio of 0.85 had the highest compressive 

strength: 4.6 MPa and 6.2 MPa after 7 days and 28 days’ curing respectively. The M-S-

H cement with RHA particles larger than 45 μm and a w/c of 0.93 had the least 

compressive strength: 4.15 MPa and 4.86 MPa when cured for 7 and 28 days 

respectively. 
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Figure 4.6: Graph of compressive strength against w/c ratio for 7 and 28 days 

curing in water 

 

Table 4.5: Comparison between the compressive strength for M-S-H cement and 

OPC cured in steam for 7 and 28 days 

Cement 

type 

Average 

particle 

size of 

RHA 

(μm) 

Average 

weight 

(g) 

W/c 

ratio 

Super- 

plasticiser 

dosage 

Curing 

medium 

7 day 

compressive 

strength 

28 day 

compressive 

strength 

MgO- 

based 

cement 

45 170.15 0.85 3% steam 8.29 3.70 

OPC --- 238.64 0.35 3% steam 13.32 9.21 

 

Figure 4.7 shows the compressive strength of M-S-H cement and OPC when cured in 

steam. There was a decrease in strength after 28 days of curing for both the M-S-H 

cement and OPC cement (control). There was 55.36% decrease in strength of the M-S-

H cement and 30.9% decrease in the OPC cement.  
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This anomaly is suspected to be the result of the setup for the steam curing which, after 

7 days, showed a loss of steam. This suggests that furnace curing instead of steam 

curing occurred, hence increasing the rate of hydration which led to a reduction in the 

strength of both the M-S-H and OPC.  

 

 

Figure 4.7: Graph of compressive strength against curing duration for M-S-H and 

OPC for 7 and 28 days curing in steam 

 

For the results illustrated in Table 4.5, M-S-H cement and OPC were cured in steam by 

placing the samples alongside a full beaker of water and keeping the temperature 

constant at 45°C in a furnace. At 3% dosage of the superplasticiser, the w/c ratio of M-

S-H cement and OPC was 0.85 and 0.35 respectively. However, the strength, when 

cured for 7 days in steam, was still seen to be greater than both the strength when 

cured in for 7 and 28 days in water. For the compressive strength of M-S-H cement and 

OPC when cured in steam, there was a decrease in the strength after 28 days curing for 

both the M-S-H cement and OPC cement (control).  

 

There was 55.36% reduction in strength of the M-S-H cement and 30.9% reduction in 
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furnace curing instead of curing, hence increasing the rate of hydration which lead to a 

reduction in the strength of both the M-S-H and OPC. While OPC regarded as hydraulic 

cement that gains strength by curing in water, M-S-H cement has no such standard as 

to which medium supports a gain in strength. From the experiment set up, it is doubtful 

whether there was enough steam to affect the properties needed in the M-S-H cement. 

 

The graph in Figure 4.8 shows the increase in the compressive strength of the M-S-H to 

about 34.78% after 7 days curing in water and a decrease in the strength of M-S-H and 

OPC after 7 days of curing in steam to about 59.36% and 30.9% respectively. 

 

Table 4.6: Comparison between the compressive strengths of M-S-H cement and 

OPC cured in steam and M-S-H cured in water for 7 and 28 days 

Curing Time Compressive Strength 

 

M-S-H in water M-S-H in steam OPC in steam 

7 days 4.6 8.2 13.3 

28 days 6.2 3.57 9.2 

 

 

Figure 4.8: Graph of compressive strength against curing duration for M-S-H and 

OPC cured in steam and M-S-H cured in water for 7 and 28 days of curing in 

steam  
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 CONCLUSION AND RECOMMENDATIONS CHAPTER FIVE

 

 CONCLUSION 5.1

This study has established that M-S-H can serve as a cementitious material. M-S-H has 

a higher water requirement than OPC and as such requires more water to form a paste, 

causing a higher w/c ratio which reduces the compressive strength of the cement. This 

can be addressed if a suitable admixture or superplasticiser is used to reduce the w/c 

ratio. It has been established that OPC, being hydraulic cement, gains more strength in 

water than in any other curing medium. It has yet to be determined in which curing 

medium M-S-H gains more strength. However, from the results of the study it can be 

seen that, although M-S-H experienced a reduction in strength after 7 days of curing in 

steam, the compressive strength after 7 days (8.2 MPa) was higher than the 28-day 

strength after curing in water. The reduction of strength of the M-S-H after 28 days of 

curing in steam can be attributed to a lack of steam in the curing setup after 7 days. 

This was due to a lack of the required laboratory equipment for that stage. The literature 

has established that curing M-S-H in steam gives it closer properties to Portland 

cement. From this study it can be seen that the reactiveness of the MgO and silica 

(RHA) matters. Different types MgO used in other studies were less reactive and 

therefore required less water. Extralight (pure) MgO used in this study was more 

reactive and required more water. The water absorption for the RHA increases as the 

particle size increases, very fine particles of RHA (45 μm and smaller) required the least 

water. 

 

 RECOMMENDATIONS 5.2

First, in order to obtain good quality M-S-H cement, use of a high grade 

superplasticiser, such as viscocrete, that can reduce water usage by 40-50%, and 

steam curing are recommended. More research is needed to find the best media for 

curing to obtain cement with even better properties. Second, the M-S-H cement used in 

this study is recommended for low load and non-load bearing structures such as 

Sandcrete blocks, pavements, Interlocks, wall panels, plaster, kerbs and floorings. 

  



35 
 

REFERENCES 

Al-Zahrani, Abdulrahim Ahmad, M. H. A.-M. (2015). PRODUCTION OF MAGNESIA FROM 

LOCAL DOLOMITE ORES AND REJECTED BRINES FROM LOCAL DESALINATION... 

Dembovska, L., Bajare, D., Pundiene, I., & Vitola, L. (2017). Effect of Pozzolanic Additives on 

the Strength Development of High Performance Concrete. Procedia Engineering, 172, 

202–210. https://doi.org/10.1016/j.proeng.2017.02.050 

Ding, Y., Zhang, G., Wu, H., Hai, B., Wang, L., & Qian, Y. (2001). Nanoscale Magnesium 

Hydroxide and Magnesium Oxide Powders: Control over Size, Shape and Dtructure via 

Hydrothermal Synthesis. Chemistry of Materials, 13(2), 435–440. 

https://doi.org/10.1021/cm000607e 

Duhaime, P., Mercille, P., & Pineau, M. (2002). Electrolytic process technologies for the 

production of primary magnesium. Transactions of the Institution of Mining and Metallurgy, 

Section C: Mineral Processing and Extractive Metallurgy, 111(MAY/AUG). Retrieved from 

http://www.scopus.com/inward/record.url?eid=2-s2.0-

0036590985&partnerID=40&md5=2e78d7294dcdb24d598fbd505a47f7aa 

Fapohunda, C., Akinbile, B., & Shittu, A. (2017). Structure and properties of mortar and concrete 

with rice husk ash as partial replacement of ordinary Portland cement – A review. 

International Journal of Sustainable Built Environment. 

https://doi.org/10.1016/j.ijsbe.2017.07.004 

Habeeb, G. A., & Mahmud, H. Bin. (2010). Study on properties of rice husk ash and its use as 

cement replacement material. Materials Research, 13(2), 185–190. 

https://doi.org/10.1590/S1516-14392010000200011 

Huang, C., Zong, J., Xu, J., & Yan, F. (2017). Fabrication of tubular magnesium oxide 

nanocrystals via combining ammonium sulphate leaching and precipitation method and it’s 

crystal growth behavior. Powder Technology, 320, 80–88. 

https://doi.org/10.1016/j.powtec.2017.07.035 

Imbabi, M. S., Carrigan, C., & McKenna, S. (2012). Trends and developments in green cement 

and concrete technology. International Journal of Sustainable Built Environment, 1(2), 194–

216. https://doi.org/10.1016/j.ijsbe.2013.05.001 

Jin, F., Abdollahzadeh, A., & Al-Tabbaa, a. (2013). Effect of different MgOs on the hydration of 

MgO-activated granulated ground blastfurnace slag paste. Proceedings of 3rd International 

…, 1–10. https://doi.org/10.1061/(ASCE)MT.1943-5533.0001009 

Jin, F., & Al-Tabbaa, A. (2014). Strength and hydration products of reactive MgO-silica pastes. 



36 
 

Cement and Concrete Composites, 52, 27–33. 

https://doi.org/10.1016/j.cemconcomp.2014.04.003 

Moorkah, H. I., & Abolarin, M. S. (2005). Investigation of the Properties of Locally Available 

Dolomite for Refractory Applications., 24(1), 79–86. 

Nair, D. G., Fraaij, A., Klaassen, A. A. K., & Kentgens, A. P. M. (2008). A structural investigation 

relating to the pozzolanic activity of rice husk ashes. Cement and Concrete Research, 

38(6), 861–869. https://doi.org/10.1016/j.cemconres.2007.10.004 

Nair, D. G., Fraaij, A., Klaassen, A. A. K., & Kentgens, A. P. M. (2014). A structural investigation 

relating to the pozzolanic activity of rice husk ashes, (June 2008). 

https://doi.org/10.1016/j.cemconres.2007.10.004 

Nehdi, M., Duquette, J., & El Damatty, A. (2003). Performance of rice husk ash produced using 

a new technology as a mineral admixture in concrete. Cement and Concrete Research, 

33(8), 1203–1210. https://doi.org/10.1016/S0008-8846(03)00038-3 

Sandberg, B.; Mosberg, T. Use of Elkem Microsilica in binder systems for ultra-low cement 

castables and basic, “cement-free” castables. InCeramic Transactions: Advances in 

Refractories Technology; Fisher, R. E., Ed.; American Ceramic Society: Westerville, 

OH, 1989; Vol. 4, pp245– 258 

Sathawane, S. H., Vairagade, V. S., & Kene, K. S. (2013). Combine effect of rice husk ash and 

fly ash on concrete by 30% cement replacement. Procedia Engineering, 51, 35–44. 

https://doi.org/10.1016/j.proeng.2013.01.009 

Setina, J., Gabrene, A., & Juhnevica, I. (2013). Effect of pozzolanic additives on structure and 

chemical durability of concrete. Procedia Engineering, 57, 1005–1012. 

https://doi.org/10.1016/j.proeng.2013.04.127 

Shatat, M. R. (2016). Hydration behavior and mechanical properties of blended cement 

containing various amounts of rice husk ash in presence of metakaolin. Arabian Journal of 

Chemistry, 9, S1869–S1874. https://doi.org/10.1016/j.arabjc.2013.12.006 

Tran, H. M., & Scott, A. (2017). Strength and workability of magnesium silicate hydrate binder 

systems. Construction and Building Materials, 131, 526–535. 

https://doi.org/10.1016/j.conbuildmat.2016.11.109 

www.statista.com/statistics/264953/global-reserves-of-magnesium-by-major-countries/ 

Zareei, S. A., Ameri, F., Dorostkar, F., & Ahmadi, M. (2017). Rice husk ash as a partial 

replacement of cement in high strength concrete containing micro silica: Evaluating 

durability and mechanical properties. Case Studies in Construction Materials, 7(May), 73–

81. https://doi.org/10.1016/j.cscm.2017.05.001 

http://www.statista.com/statistics/264953/global-reserves-of-magnesium-by-major-countries/


37 
 

Zhang, F. (2012). Magnesium oxide based binders as low-carbon cements by Fei Zhang. 

Zhang, T., Vandeperre, L. J., & Cheeseman, C. R. (2014). Formation of magnesium silicate 

hydrate (M-S-H) cement pastes using sodium hexametaphosphate. Cement and Concrete 

Research, 65, 8–14. https://doi.org/10.1016/j.cemconres.2014.07.001 

 


