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Abstract:  

A comparative study on the Optimum percentage replacement with iron ore tailings Using this material to replace and 

cement in a concrete mix, in various percentages from 5% up to 30%, curing for a period of up to 90 days in the 

process, the material was found to have similar characteristics with that of pozzolana, one of which was that the 

strength which increased up to 90 days of hydration. This is a typical characteristic of pozzolanas and can be used as 

an accelerator for concreting. Other aspects of the IOT, as a cement replacement material in concrete production, 

exhibited improved workability and higher compressive strengths over the control strength with approximately 38 % 

for the cement. 
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Introduction: 

Nigeria, as a developing nation, is blessed with abundant natural and mineral resources. Studies have shown that the 

more a country develops, especially in its infrastructural sector, it tends to consume more of its material resources 

leading to high demand for the natural resources used in producing the construction material. A typical example is in 

the case of cement and limestone. Cement can be elucidated as a hydraulic binder, which hardens upon the addition 

of water. Technically it can be defined as a material with adhesive and cohesive capabilities, which makes it able to 

bond mineral fragments into a compact whole. The history of cement production in Nigeria dates back to as early as 

1957. Initially, there was just three plants commission by the Eastern, Northern and Mid-Western regional 

governments. Subsequently, other companies such as Ashaka Cement AC, Benue Cement BC, West African Portland 

Cement Company WAPCO, and Cement Company of Northern Nigeria CCNN were established. 

The two major constituents of the OPC, amongst others, are limestone and clay {S.P. Dunuweera et. al. Cement Types, 

Composition, Uses and Advantages of Nano cement, Environmental Impact on Cement Production, and Possible 

Solutions. (2018)}. The law of demand in economics proposes that the higher the demand for a particular good or 

service, the higher the price for procuring the limited resources {Adam Hayes “Law of Demand” (2021)}. Cement 

which is very high in demand today, has been estimated to take about 0.38 cement bags per sq ft of construction. 

Therefore, around 400 bags of cement (50kg per bag) are consumed for a 1000ft2 homes. And over 250,000 houses 

are completed in Nigeria annually according to REDAN(2016), which constitute to the increased demand for this 

commodity. 

On the other hand, iron ore tailings are a form of solid waste produced during the beneficiation process of iron ore 

concentrate. Among all kinds of mining solid waste, IOT’s are one of the most common solid waste in the world due 

to their high output and low utilization{Chang Tang .et al. Recovering iron ore from iron ore tailings and preparing 

concrete composition admixtures. (2019)}.  

Various research have been geared towards achieving effective utilization of this material in both concrete and cement 

works, some of which are stated below, 

Elinwa A.U et. al worked on the evaluation of the IOT as oncrete material. The IOT was evaluated  using this material 

to replace sand and cement in various percentages. It was observed that the more they replaced sand and cement with 

the IOT the compressive strength increased. 
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Kiran et. al investigated the use of red mud and IOT for producing self compacting concrete(SCC). The cementitious 

material in the mixture was replaced with the mud at 1% to 4%  and for each replacement level, 10% to 40% of fine 

aggregates was replaced respectively with the IOT. Their result reflects that the flexural, splitting and compressive 

strength increased as the replacement level increases. 

 

Materials 

Table 1. Physical Properties of IOT and Cement 

Parameter IOT Cement 

Specific gravity 3.51 3.15 

Loose bulk density (kg/m3) 1650 3150 

Loss of ignition (%)     - 1.0 

Specific surface    - 2.3 

Soundness (mm)     -  8.0 

Moisture content (%) 0.22    - 

pH 13.11    - 

 

Table 2. Chemical Properties of IOT and Cement 

 

Oxide 

       Percentage by mass(%)  

IOT 

 

Cement  

SiO2 71.00 19.90 

FeO3 15.00 2.90 

Al2O3 2.62 5.60 

CaO 1.20 63.70 

MgO 0.30 1.50 

Na2O 1.20 0.21 

TiO2 0.20    - 

K2O 0.08 0.71 

SO3 0.03 2.30 

 

In this present work, the IOT was gotten from the Itakpe Iron ore processing plant in Ajaokuta, Kogi state, Nigeria 

that was designed to supply about 63% to 64% grade concentrate of iron(Fe) which is about 2.15million tone of 

iron(Fe) per year to Ajaokuta steel company Nigeria.  

The cement used is the Ashaka cement, which correctly conforms to BS1881[9]. The physical and ch  emical 

compositions of both the Iron ore tailings and the Ashaka cement are shown in tables 1 and 2. 

The fine aggregate is river sand with a specific gravity of 2.61 and moisture content of 0.46% from the Kuje river 

located in Abuja, the capital city of Nigeria, with its bulk density as 1547kg/m3 and falls under zone 2 on the 

classification table following BS882[10]. The coarse aggregate for this experiment was a nominal graded aggregate 

with a diameter of 20mm (implies the aggregate most of which passes 20mm British standard sieves) and has an 

average  specific gravity of 3.15 bulk density of 1280 kg/m3 and an ACV and AIV of 10.30 and 7.23. Both aggregates 

used for this experiment conforms to the Standard British specifications.  

 

Mix Proportions 

 The method employed for this study is the absolute volume mix design method accordance to ACI211.1-91. 

Employing a mix ratio of 1: 2.14: 4.88 and a w/c ratio of 0.5 w gave rise to a total cement content of 380kg/m3, fine 

aggregate content of 812kg/m3, coarse aggregate of 1856kg/m3 and a water content of 190kg/m3. 

The fine aggregate replacement levels were 5%, 10%, 20% and 30% by a corresponding mass of IOT and the cement 

was also replaced in levels of 5%, 10%, and 20% by the corresponding mass of IOT. Various tests were conducted on 

both fresh and hardened conditions. 

Tests on the fresh IOT/OPC pastes were carried out to ascertain the setting time of each of the mix. The results are as 

shown in Tables 3 and 4, showing the setting time and workability of the IOT/OPC cement mixes respectively.   
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Table 3. Setting time of IOT/OPC Paste. 

Mix No Initial(min) Final(min)  

P-0 30 245  

P-5 22 260  

P-10 15 270  

P-20 10 290  

P-25 10 300  

P-30 5 310  

    

    

 

 

Table 4. Workability of Concrete with IOT 

 

IOT (%) 

                   Slump (mm) 

Cement replacement 

0 50 

5 56 

10 60 

20 70 

25 70 

30 70 

 

In the laboratory preparation of data, the hardened concrete was tested for compressive strength. For this research, a 

total of 75 cubic specimens of 150mm2 in size, were cast and also cured for the hydration process for a period of up 

to 90days. A total Sixty of (60) cubic specimens of the same size and curing days were also prepared for the cement 

replacement levels. At intervals of 3 days, 7 days, 28 days, 60 days and 90 days, which were the curing period for the 

specimen used in this research work, three samples were crushed at the end of each curing period, and the average 

strength of the three recorded as the compressive strength. Results are shown in Table 5 below.  

Table 5. Compressive Strength for concrete mixes with IOT 

Replacement Type IOT % 3days 7days 28days 60days 90days 

 5 16.5 18.2 23.1 24.0 28.1 

Cement  10 20.4 22.5 29.8 34.7 35.2 

 20 23.1 26.7 30.2 35.2 36.1 

 25 24.4 27.9 30.5 36.4 37.6 

 30 20.0 21.6 30.6 33.8 35.4 

 

 

Analysis of Results and Discussion 

 Tables 1 and 2 shows the physical and chemical characteristics of the IOT. The average moisture content of the bulk 

IOT was gotten as 0.22%. The total percentage of SiO2+Al2O3+Fe2O3 is 88.62% instead of the minimum percentage 

(70%) specified in the ASTM C-618 [11].  

Precursory tests were carried out after the mixture to determine the pozzolanic activity as stated in the British Standard 

Specifications and gave a pozzolanic activity index of 75%. 
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The setting time of the mixture of IOT/OPC is significant for practical applications of the materials, to further observe 

the behavior of the blending material (IOT) from the 100% OPC. This was carried out using the Vicat method [9] and 

is also shown in Fig 1. This shows that the blend IOT/OPC conforms to certain specifications for setting time for 

similar materials and that the IOT can be classified as a setting time accelerator. This implies therefore, that the higher 

the replacement increases the faster the paste takes to reach its setting time between 0%-20% of the OPC as shown in 

(Figure.2). 

 
      Table 5 shows the compressive strengths of IOT/OPC hardened concretes. The table shows similar characteristic 

behavior when IOT is used as a replacement material for cement. The compressive strengths increase as IOT replaces 

cement, and after 90 days of curing and at a replacement level of 20%, the strengths are 10% and 38% higher than for 

the cement replacements levels. The design strength of 20kN/m2 is achieved at all replacement levels. Although, from 

previous literature the material (IOT) could be used as replacements for both sand and cement, results showed that the 

use of IOT to replace cement is more efficient and beneficial. This behavior relies on the reactivity of the material 

(IOT). As curing proceeded, there was a progressive increase in the compressive strengths thus confirming the 
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pozzolanic nature of IOT. The excess Ca (OH)2 of hydration in the cement goes to the secondary reaction with the 

IOT to produce C-S-H, which imparts strength to the hardened concrete.   

 

Conclusions   

The following conclusions can be drawn from this work: 

1. The IOT can be used as a setting time accelerator from the setting time result. 

2. The optimum replacement percentage for cement has been shown to be 25% for compressive strength and 

10% for workability, while the setting time increased with the replacement level. 

3. The use of IOT as cement replacement will lead to 25 % reduction in the quantity of cement to be used in 

construction. 

4.  
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