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ABSTRACT 

Zircon sand from Bakin ruwa, Toro Local Government Area, Bauchi state, Nigeria 

was characterized using X-ray fluorescence (XRF), X-ray diffraction (XRD) and 

scanning electron microscopy (SEM). The elemental composition of the sample using 

XRF revealed that the sample contain different elements in weight percentages; zircon 

47.38% and silica 10.32%. alkali and rare earth elements also occur in small number 

(<1%). Oxide composition analysis indicates that elemental oxides were detected; 

zircon oxide (ZrO2) with highest concentration of 50.888% and silica oxide (SiO2) 

36.03%, aluminum oxide (Al2O3) 2.21% with traces of different oxides less than 1%. 

XRD revealed that the predominant crystalline phases in the sample are Zircon and 

baddeleyite. Photomicrograph from SEM revealed that some of the grains were 

broken, rounded, semi rounded, pyramidal and angular. This shows that Bakin ruwa 

zircon sand is suitable for alumino-silicate refractory bricks production for foundry 

application. 
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1.0 INTRODUCTION 

Refractories are materials that are capable of withstanding high temperature (usually 

above 1,5800C) under the physical and chemical action of molten metal, slag and gas 

in the furnace (Olade, 2019). Silica (SiO2) and alumina (Al2O3) are the principal 

constituents of Alumino-silicate minerals. The performance of a refractory material in 

high temperature application depends mostly on the property of the raw material it is 

made of; better property combination can be developed from the combination of two 

or more distinct materials. these materials are capable of withstanding high 

temperatures physically and chemically. High quality refractory materials defy high 

temperature variation and are good thermal and electrical insulators (Arnold, 2022). 

The raw materials for the production of various refractory products vary. It is required 

to produce a range of refractory materials with diverse qualities to meet a variety of 

processing circumstances. (Groover, 2010; Omowumi, 2011). There are huge amounts 

of refractory raw materials dispersed over every region in Nigeria, each differing from 

site to site because of geological variances (Sari et al., 2021). 
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Zircon sand is the major precursor to ZrO2, one of the most refractory minerals 

known. It is composed of 59–63 percent zirconium oxide (ZrO2), 32–38 percent silica 

(SiO2), and occasionally about 1% hafnium, it has good abrasion, impact and thermal 

shock resistance. It is stable in chemical conditions and is non-magnetic as well as 

non-conductive. Zircon has been recognized as a potential structural material because 

of its good combination of physical and mechanical properties, such as excellent 

chemical stability, thermal shock resistance, strength retention to high temperatures, 

low thermal expansion as well as low heat conductivity Owing to high demand of 

zircon (Routrayet al., 2021). The exploitation of different deposits which can be a 

potential source for this mineral is a priority at present. Hence, it has attracted a wide 

attention of, users to exploit zircons for end use, zircon is a proper material for 

foundry due to its several good properties such as high heat conductivity as a result, it 

has a faster cooling process compared to quartz-based foundry, not reactive to other 

metals, clean-surface, spherical form. This character is appropriate for all binder type, 

less binder material, stable grain size and neutral pH. (Silva et al., 2020). 

The aim is to characterize Bakin ruwa zircon sand for the production of dense 

Alumino-silicate Refractory bricks for foundry Application.Refractories are crucial in 

the metallurgical, ceramic, cement, and oil and gas industries for furnace lining. 

Because of these enterprises' reliance on these materials, enormous amounts of foreign 

currency (Forex) are lost each year due to their importation. This is despite the fact 

that the country has a large deposit of refractory raw materials. The sourcing and 

investigation of indigenous raw materials for use in the creation of furnace lining with 

the goal of minimizing importation, foreign exchange losses, and increasing local 

material content development while also providing employment to Nigerian youth 

validates the study's undertaking.  
 

2.0 MATERIALS AND METHODS 

2.1 Raw Material Sourcing 

The Zircon sand materials used in this research work were obtained from Bakin ruwa, 

Toro local government area of Bauchi state, Nigeria. 

 

2.2 Beneficiation 

The composite Tin ore sample was subjected to a laboratory model, Humphrey’s 

spiral concentrator, with 17½” pitch used to recover total heavy minerals (> 98% 

grade). The concentrate was subjected to Wet High Intensity Magnetic Separator 

(WHIMS) to recover magnetic heavies and non-magnetic heavies separately. The non-

magnetic fraction contains mostly sillimanite, zircon, rutile, quartz etc. The non-

magnetic fraction was then subjected to gravity table (GT) to improve the grade of 

sillimanite. The concentrate from gravity table was subjected to flotation cell to 

recover sillimanite in flotation process. The flotation tailing subjected to High Tension 

Separator (HTS) to recover zircon in non-conducting fraction, it was later subject to 

scrubbing for desliming. The deslimed feed was subjected to characterization. 
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2.3Visual Inspection 

The color of the samples collected from the mining location was determined through 

an assessment using human eye. United States Geological Survey Agency (USGSA, 

2019) 

 

2.4Mineralogical Evaluation 

The 45-micron size was used to determine the mineralogy of each sample. The 

structure and crystalline phase of the samples were determined using an X-ray diffract 

meter (ARL’XTRA, Thermo Fisher Scientific, Basel, Switzerland) with a rotating 

anode at 45 kV and 40 mA and illuminated using a Cu anode material. The patterns 

were recorded at 2 degrees, and the scan angle ranged from 4.99 to 77.99 degrees. For 

the sample, a dwell time of 29.07 s, and a scan step size of 0.026261 degrees was 

maintained. 

 

2.5Chemical Analysis 

Determination of the chemical composition of the sample was carried out using an 

energy-dispersive X-ray fluorescence (ARL QUANT’X EDXRF analyzer 9952120, 

Thermo fisher scientific, Basel, Switzerland). The 45-micron size was used to 

determine the chemical analysis of each sample. 2 g of each sample was weighed and 

placed onto the sample holder in a vacuum for 10 min before transferring it to the 

XRF spectrometer. 

 

2.6Morphology 

The morphology was characterized using a Phenom ProX desktop SEM (ProX 800- 

07334 MVE01570775 Phenom World, Thermo Fisher Scientific, Basel, Switzerland), 

while the 45-micron size was utilized to establish the morphology of each specimen. 

Scanning Electron Microscopy (SEM) was used to determine the microstructure of the 

sample, formed by the electron source and accelerated toward the specimen using a 

positive electrical potential. The sample was placed on the holder and the images were 

captured under various magnifications and particle size diameters. The SEM was 

operated at an accelerating voltage of 15kV. The electron beam is confined and 

focused using metal apertures and magnetic lenses into a thin, focused, 

monochromatic beam. Electrons in the beam will interact with the atoms of the 

specimen to produce signals that contain information about its surface topography, 

composition and other electrical properties. These interactions and effects are 

transformed into image. (Mohammed & Abdullah, 2018) 
 

3.0 RESULTS AND DISCUSSION  

3.1 Visual Inspection 

 

The brown color of the sample (Figure 1) is due to the mineraland oxygen content in a 

sample which has a significant impact on sample colors (American Foundrymen 

Society, 2018). 
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Figure 1. Zircon sand sample 

 

3.2 Chemical Composition 

The sample percentage of elemental oxides (Table 3) from EDXRF analysis revealed 

that the sample contain different elements in weight percentages (Hoskin and 

Schaltegger, 2013).  

 

The presence of impurities such as Nickel (Ni), Manganese (Mn), Potassium (K), and 

rare earth elements (REEs) in these samples contributes to the low ZrO2 content 

(Saranguaet al., 2019). The Y concentration was detected in the sample as 0.650wt.%. 

The elements in the largest abundance are rare earth elements (REEs), Phoshorus (P), 

Cerium (Ce), Ytterbium (Yb) and Thorium (Th) (Hoskin and Schaltegger, 2013). The 

rare earth elements mostly contain zircon crystals, which enhance the quality of P 

(Anfinsonet al., 2012). Zircon is composed of 47.34 wt.% ZrO2 and 32.8 wt.% SiO2, 

with a wide range of trace elements (20–25 wt.%), including hafnium (Hf) and yttrium 

(Y) (0.1 Y (wt.%) 1.0) as minor elements, phosphorus (P), and rare earth elements. 

Metasomatized quartz syenite is the most common host for low-ZrO2 zircons (Harley 

and Kelly, 2007).  

 

Table 1. XRF Elemental composition 

Component Intensity (c/s) Concentration % 

O 0.000 31.796 

Al 6.105 1.218 

Si 265.985 10.319 

P 0.598 0.009 

Cl  82.089 1.085 

K 44.553 0.381 

Ca 211.520 1.195 

Ti 60.435 0.163 

Mn 13.033 0.017 
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Fe 1760.043 1.865 

Co 18.921 0.017 

Ni 21.222 0.018 

Cu 34.759 0.026 

Zn 13.996 0.010 

As 41.229 0.029 

Y 300.593 0.650 

Zr 12053.820 47.343 

Ba 11.231 0.123 

Ce 12.556 0.108 

Yb 94.510 0.309 

Hf 866.984 2.625 

Ta 18.617 0.053 

W 9.278 0.025 

Th 174.746 0.614 

(Source: Researchers work 2023) 

3.3 Chemical oxide composition 

The chemical oxide composition analysis in this sample (Table 3) indicates that 

elemental oxides were detected: ZrO2 with highest concentration of 50.88%, SiO2 

36.02%, CaO 2.92%, Al2O3 2.21%, Fe2O3 1.63%, HfO2 1.44% and others are less than 

1.00% 

Iron (Fe2O3) content is often the most limiting specification in determining the 

suitability of a zircon product for a refractory application. The next limiting factor is 

Al2O3. High Al2O3 contents are normally an indication of contamination by alumino-

silicate minerals, typically kyanite or sillimanite. While these minerals can be 

effectively separated from zircon using wet or dry gravity separation techniques, the 

presence of corundum would make the separation complicated. 

Crystalline zircon contains between 0.75 and 1.64 wt.% hafnium oxide (HfO2), while 

metamict zircon has between 1.40 and 6.0 wt.% HfO2 (Yuheldaet al., 2016). In the 

sample, HfO2 was detected withconcentration of 3.09 and 1.44moles wt.%. In 

crystalline zircon, typical uranium oxide (UO2) and thorium oxide (ThO2) 

concentrations range from 0.06 to 0.40 wt.%, while in metamict zircon, concentrations 

range from 0.20 to 1.5 wt.% (Zaman and Antao, 2020). our samples from this study 

(Table 4) have (ThO2) levels within the metamict zircon range. UO2 was not detected; 

perhaps they are below detectable limit (bdl). (Zaman and Antao, 2020).  
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Table 2. XRF Oxide composition 

Component Concentration Mole % 

SiO2 22.076 36.027 

Fe2O3 2.666 1.637 

Co3O4 0.024 0.010 

NiO 0.023 0.030 

CuO 0.033 0.040 

WO3 0.032 0.014 

P2O5 0.021 0.014 

CaO 1.673 2.925 

K2O 0.459 0.478 

BaO 0.137 0.088 

Al2O3 2.302 2.214 

Ta2O5 0.065 0.014 

TiO2 0.271 0.333 

ZnO 0.012 0.015 

ZrO2 63.950 50.888 

CeO2 0.133 0.076 

ThO2 0.699 0.260 

HfO2 3.096 1.442 

Y2O3 0.826 0.359 

Yb2O3 0.352 0.088 

As2O5 0.045 0.019 

(Source: Researchers work 2020) 

3.4 Mineralogical composition 

The X-ray diffraction patterns of the samples are presented in (Figure 2). Figure of 

merit (FOM) is an approximate measure of phase quality calculated for each 

reflection. Range is from 0-1, then higher being better. The results show that the 

predominant crystalline phases in the sample are; zircon (ZrSiO4) with DB Card 

number 00-001-0679, Baddeleyite (ZrO2) with DB card number 00-003-0515, quartz 

syn (SiO2) 01-073-6619, albite (NaAlSi3O8) 00-001-0739, lime (CaO) 00-004-0777 

and iron (Fe) 04-002-1833 (Muliawanet al., 2019). 
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Table 3. XRD Qualitative Analysis 

Phase 

name 

Formu

lae 

Figur

e of 

merit 

Phase reg. Detail Space group DB card 

number 

Zircon ZrSiO4 2.850 S/M (PDF-4 Minerals 

2021) 

141:141/amd:

2 

00-001-

0679 

Baddeleyit

e 

ZrO2 1.587 S/M (PDF-4 Minerals 

2021) 

14: P121/c1 00-003-

0515 

Quartz, 

syn 

SiO2 0.943 S/M (PDF-4 Minerals 

2021) 

154: P3221 01-073-

6619 

Albite NaAlS

i3O8 

2.770 S/M (PDF-4 Minerals 

2021) 

2:C-1 00-001-

0739 

Lime, syn CaO 2.770 S/M (PDF-4 Minerals 

2021) 

225: Fm-3m 00-004-

0777 

Iron, syn Fe 0.377 S/M (PDF-4 Minerals 

2021) 

229: 1m-3m 04-002-

1833 

(Source: Researchers work 2020) 

3.5 XRD Quantitative result 

The result of XRD showed that Baddeleyite (ZrO2) 36% has the highest percentage 

followed by Zircon (ZrSiO4) 25.8%, lime (CaO) 13.3%, quartz (SiO2) 12.8%, albite 

(NaAlSi3O8) 10% and iron (Fe) 2.7%   

Figure 2. XRD Quantitative graph (Source: Researchers work 2020) 



International Journal of Global Affairs , Research and Development (IJGARD) Vol.1 No.2, 2023, 68-78, 
ISSN 2992-2488 

75 | P a g e  
 

3.6 SEM Morphology result 

General view of Bakin ruwa zircon sand grains from different magnification 

shows some of the grains are broken, some are well rounded, semi rounded, pyramidal 

and angular which corroborates the work done by (Bansal et al., 2007). Most of the 

grains exhibit cracks and few of them exhibit pits within the grain. The sample 

morphologies indicate that zircon has a prismatic and pyramidal morphology, which is 

supported by Corfu et al,(2003). 

 

 

 

 

 

 

 

 

 

 

Figure 3.SEM photo micrograph of Bakin ruwa Zircon sand at 50µm (Source: 

Researchers work 2023) 

 

 
 

Figure 4.SEM photo micrograph of Bakin ruwa Zircon sand at 30µm 

 (Source: Researchers work 2023) 
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`  

Figure 5.SEM photo micrograph of Bakin ruwa Zircon sand at 20µm (Source: 

Researchers work 2023) 

4.0 CONCLUSION AND RECOMMENDATIONS 

4.1 Conclusion 

Based on these findings, it is concluded that Bakin Ruwa zircon sand can be utilized 

or exploited as potential raw material for the production of dense Alumino-silicate 

refractory brick for foundry use, because the major oxides that are responsible for the 

improvement of the properties are found in these materials, moreover the properties of 

refractory material are affected by both mineralogical, chemical and morphological 

composition, manufacturing process, and constituent of the binder 

4.2 Recommendations 

-The characterized Bakin Ruwa zircon sand should be exploited as raw material for 

refractory production in melting of both ferrous and non-ferrous metal 

- Further work should carried out using different binders and their effect at varied 

temperature. 

- An Investigation should be carried out to ascertain the extent and the future 

availability of the zircon sand deposits at various locations of the country. 

- Dissemination of information on available resources for future work should be 

systematically carried out by the federal ministry of mineral resources as a regulatory 

agency. 
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