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Abstract:- Clay is one of the most important materials used by 

the metallurgical industries. The characterization of clay in 

order to understand its mineralogical constituents, chemical 

and physical properties is of significant importance. In this 

paper, the significant of clay as raw material used by the 

metallurgical industries for the production of refractory 

materials were reviewed. Emphasis on the estimate of 

Nigerian clay deposit, and its suitability for use in the 

metallurgical industries as refractory materials were 

highlighted. Several research work exploring the potentials of 

Nigerian clay deposits conducted by different researches were 

summarized. 
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INTRODUCTION 

Clay is a natural material formed by the progressive 

deterioration of rocks in silicate layers containing low 

carbon acid and other diluted solvents with a particle size 

of less than 2 µm, which are plastic with a content of 

suitable water, which shrinks on drying, expands on 

wetting and hardens when fired (Edozuino et al.2016; 

Ochieng 2016; and George, 2011). Clay is composed of 

minerals with small particles and a complex porous 

structure with a high specific surface which allows a strong 

physical and chemical interaction with the dissolved 

species (Faheem, 2018; Murali et al, 2018; and 

Muhammad, 2017). These clay constituents have made 

them useful in various metallurgical applications (Oziegbe 

et al., 2019; Katsina et al., 2013; and Umbugadu et al., 

2019) such as refractory materials, binders in the 

metallurgical industries (Sani et al., 2013). Clay particle 

size varies according to different field of studies 

(Guggenheim et al., 1995; and Moore et al., 1997). For this 

reason, Ordinary microscope is insufficient to provide an in 

depth knowledge of the crystal structure of clay. X-ray 

diffraction, X-ray fluorescence, energy-dispersive X-ray 

analysis, differential thermal analysis, infrared 

spectroscopy and electron microscopy are best employed to 

study the crystal structure of clay (Obaje et al., 2013; and 

Yusuf et al., 2018). Clay is classified according to its 

structure, chemical composition, origin and nature of 

occurrence. The difference between the types of clay is 

explained by the octahedral and tetrahedral arrangements 

of clay structure (Oziegbe et al., 2019). In general, clay 

comes in three main forms with similar chemical 

compositions and different physical properties. This 

includes surface clays, shale clays and refractory clays 

(Okpanachi et al., 2017). The major clay mineral groups 

include kaolinites, vermiculites, palygorskite, mica, 

smectites, chlorites and other weathered minerals. The 

mixture of different clays in various proportion results in 

the formation of clay deposits with one group or type 

normally being dominant (Sani et al. 2013). For this 

reason, Oziegbe et al. (2019) characterized Origo and Awo 

clay deposited in the Southwestern part of Nigeria based on 

their mineralogical contents and chemical composition. 

The result obtained from the analysis proved kaolin as the 

dominant clay mineral while smectite occurs in small 

amount which makes the clay suitable for refractory 

composite. Base on the nature of application, clay can be 

blended to achieve the required properties (Titiladunayo et 

al., 2011). Hence a comparative study on refractory 

properties of Dolomite using clay as additives was 

conducted by Oyetunji et. al., (2018), the result obtained 

from the study was compared with imported fireclay bricks 

and ASTM standards for refractory grade dolomite and 

found the mixture to be suitable for melting metals at a 

temperature not exceeding 1100oC.  

SOME ESTIMATED CLAY DEPOSIT IN NIGERIA 

 Each region of Nigeria is said to have a large deposit of 

clays (Richard et al., 2017). Research conducted by Raw 

Materials Research and Development Council of Nigeria 

(RMRDC), Nigeria is reported to have billions of tones of 

clay deposits that spread throughout entire states 

(Muhammadu, 2013). An insight research conducted by 

Richard et al., (2017) showed that Nigeria has an estimated 

reserve of bentonite clay of about 700 million metric tons. 

Afuze town of Edo state in Nigeria is reported to contain 

70-80 million metric tons of bentonite clay. Moreover,

Bauchi and Taraba state in the north eastern state of

Nigeria has an estimated reserve of barites clay holding up

to 7.5 million metric tons of barite clay. Additionally,

4billions reserves of clay were found to be deposited in the

Niger Delta region of Nigeria. The north eastern region of

Nigeria is reached with about 700 million metric tons of

clay deposited that is yet to be characterized. The table

below gives an estimated quantity of some of the clay

minerals found in some part of Nigeria.
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Table 1: location of some clay minerals in Nigeria with their estimated quantity 
No  Clay mineral  Site location  State  Estimated Reserve (tones) 

1.  Kaolin Kankara 

Major potter, Jos 
Darazu 

Ozubulu 

Katsina 

Plateau  
Bauchi  

Anambra 

20, 000, 000 

19, 000, 000 
10, 000, 000 

769, 000 

2.  Common clay  MararrabanRido Kaduna  5,500, 000 
3.  Quartz/ silica  Lokoja 

Biu 

Pankshin/shabu 

Kogi 

Borno 

Plateau  

4, 000, 000 

 2, 540, 000 

27, 962 
4.  Talc  Kumunu Niger  40, 000, 000 

5.  Limestone Okpila 

Jakuru 
Igumala 

Mfamoging 

Ewekoro 
Aruchukwu 

Edo  

Kogi 
Benue  

Cross river 

Ogun 
Imo  

10, 161, 000 

68, 000, 000 
30, 161, 000 

26, 000, 000 

7.1billion 
101, 000, 000 

6.  Dolomite  Osara 

Itobe 
Burum 

Kwakuti 

Kogi 

Benue  
Abuja  

Niger  

2, 000, 000 

1, 000, 000 
8, 000, 000 

2, 540, 000 

Source: Adelabu (2012) 

 

SUITABILITY OF NIGERIAN CLAYS FOR 

REFRACTORY APPLICATIONS 

With the emergence of new trends in technology in Nigeria 

such as development of iron and steel industries and other 

related industries that uses refractory materials, clay have 

found several applications in various sectors of Nigerian 

metallurgical industries. One of the most important uses of 

clay is its application in the production of refractory 

materials. These materials are employed in metallurgical 

industries for furnace constructions, productions of moulds 

for castings purposes, and smelting vessels (Oke et al., 

2015). Refractory materials are composed of high melting 

oxides such as SiO2, Al2O3, MgO, Cr2O3, ZrO (Ibrahim et 

al., 2018).  Their outstanding properties which include the 

ability to resist heat at elevated temperature make them 

suitable for use in metallurgical industries (Muhammadu, 

2013). Furnace linings, kilns, reactors and crucibles are 

examples of products produced from such material 

(Mokwa et al., 2019).   

Furthermore, refractory materials can be classified into 

groups depending on the desired temperature, chemical 

compositions and shape of the refractory material. 

Titiladunayo, (2011) reported that refractory materials can 

either be acidic such as silica (SiO2) and zirconia (ZrO2); 

basic such as magnesia (MgO) and chromites (Cr2O3); or 

Neutral refractories such as carbon graphite and alumina. 

Ibrahim et al., (2018) stated that refractory materials can be 

classified according to temperature ranges at which they 

are used. This include low temperature range refractory 

materials that can perform below 1770oC; medium 

temperature refractory materials which can be used in 

between 1770-2000oC range and high temperature 

refractory materials that can perform above 2000oC. 

Oyetunji et al., (2018), stated that the composition of each 

refractory material possesses a desirable heating condition 

to be considered to prevent failure during a specified 

operation. Therefore, to ensure durability in the usage of 

refractory material, proper selection of such material 

should be considered. For instance, zirconia, silicon 

carbide and graphite are employed in a severe temperature 

condition (Amkpa et al., 2016; Folorunso, 2015).  Physical 

properties such as refractoriness, thermal strength, crushing 

strength and color play an important role in determining the 

industrial and commercial value of any refractory material 

and are used in quality control during the production 

processes. These properties differ according to the 

chemical composition, and structure of the clay (Abdelaziz 

et. al., 2019; Paul et al., 2011 & Ibetoye et al., 2014). 

Table 2 below outlined some of the important physical and 

thermal properties of refractory materials with their 

standards. 

 

Table 2: Physical and Thermal Properties of Refractory Clay Based on International Standard 
PROPERTIES VALUES 

Linear shrinkage (%) 2-10 

Permeability to air 25-90 

Apparent porosity (%) 20-30 
Bulk density (g/cm3) 1.71- 2.8 

Cold crushing strength (Mpa) 15.0 minimum 

Thermal shock resistance, cycle 20-30 
Refractoriness ( oC) 1500-1750 

Moisture content (%) 1-13 

Source: Ugwouke et al., (2018) 
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Despite the plenitude amount of clay deposits available in 

Nigeria and the various research that have been carried out 

in the development of refractory products, Nigeria 

continues to rely on imported refractory materials for its 

industrial applications (Oke et al., 2015). Investigations of 

clay deposited in any region provide the general 

information required in the field of metallurgy 

(Omowunmi, 2000). Hence, tremendous works were 

conducted by several researchers on clays deposited in 

different part of Nigeria ensuring that it properties compare 

favorably to standard requirements; most of the results 

obtained showed that the clay deposits possessed the 

required physical, mechanical and chemical properties to 

be used by metallurgical industries. For instance, an 

investigation into the refractory properties of Jalingo clay 

in Taraba state of Nigeria was conducted by Adamu et. al., 

(2018), the result showed that the clays possessed a 

temperature of 1300oC which qualifies the clay for use in 

melting of nonferrous materials. The performance 

assessment of the physical properties of Kadna, Tagwai, 

and Gbakoita town clay deposits as refractory for furnace 

lining in Niger state of Nigeria was conducted by 

Okpanachi et. al., (2017), the result obtained was compared 

to standards. The clays indicated a refractoriness 

temperature of 1600oC, with a bulk density of 2.7g/cm3, 

apparent porosity of 29.6%, linear shrinkage of 9.21%, 

thermal shock resistance of 17cycle, and cold crushing 

strength of 310.7kg/cm2. The parameters obtained qualify 

the clays for use as a good fireclay refractory and furnace 

lining application. Assessments of the industrial potentials 

of some Nigerian Kaolinitic clay deposits conducted by 

Ovat et. al., 2017 showed that the physical and chemical 

properties of the clays assessed were in agreement with 

standards. The evaluation of the chemical and mechanical 

properties of some Nigerian clay sample for foundry 

applications was carried out by Yusuf et al., (2018) and 

discovered that the Nigerian clays could suitably replace 

imported clays. Additionally, the investigation of some 

selected kaolin clay deposits in Nigeria for furnace lining 

applications was conducted by Mokwa et al., (2019). 

Moreover, a tremendous work that studies the chemical and 

physical characteristics of clay samples in sokoto state of 

Nigeria proved the clay satisfactory for used as furnace 

lining (Sani et al. 2013).  Clays deposited in Niger state, 

Agbaja town in kogi state, Afuze clay in south-south of 

Nigeria were investigated and found to be suitable for the 

production of fireclays bricks for furnace lining (Abdullahi 

et al., 2012; and Elakhame et al., 2016). Also, the 

evaluation and characterization of Gakem and Abouchiche 

clay samples in Bekwarra L.G.A of Cross River state by 

Ovat et al., (2017), showed that the clays exhibited the 

required properties for production of refractory materials. 

Firing temperature algorithm on the physiochemical 

properties of Ishiagu clay deposit for refractory application 

was investigated by Chidinma et al., (2017), the result 

obtained proved the clay satisfactory for the production of 

refractory materials. 

However, reference to the research works conducted by 

several individuals, some of the result showed that not all 

the clay deposits available in Nigeria possess the required 

properties for metallurgical activities.  In order to utilize 

these locally sourced clays in the production of refractory 

materials, the physical, thermal and chemical properties 

have to be improved. This can be achieved by either 

blending two or more different clay obtained from different 

source or treating the clay with certain additives. Richard et 

al., (2017) stated that the additives can either be locally 

sourced from Nigeria or conventional additives. For 

instance, Ogunsemi et al., (2017) investigated the effect of 

certain additives on some selected refractory properties of 

ant-hill clay for furnace lining application. In his work, 

pulverized glass wastes, bentonites, clean water and 100% 

ant hill clay were mixed at an appropriate proportion. The 

result obtained reveals an improvement in the properties of 

the anti-hill clay to suit the desired requirement needed for 

the production of refractory materials. Furthermore, an 

evaluation of the chemical and thermo-physical properties 

of locally aggregated kaolin-based refractory materials was 

conducted by Olare et al., (2019), in this work, the 

chemical composition of clay sample from Ipinsa town in 

Ondo state of Nigeria, termite hill material and processed 

bentonite were mixed at an aggregate proportion. From the 

result obtained, the refractoriness of the clay was found to 

be 1900oC which qualifies the clay satisfactory in the 

production of refractory materials. 

 

CONCLUSION 

The following can be drawn from the above reviewed: 

1. Local clays deposits in different part of Nigeria 

can serve as a good replacement for imported 

clays for used in metallurgical and other related 

areas. This can be achieved by establishing proper 

scientific records of the clays and comparing them 

with standards. 

2. Refractory clays constitutes certain properties 

which include moisture content, bulk density, 

thermal resistance, refractoriness, loss on ignition, 

plasticity, modulus of rapture and linear 

shrinkage. These properties have significant 

effects on performance and durability of the 

material in metallurgical applications. However, it 

is very difficult for refractory clays collected from 

a single site to possess the satisfactory properties 

required for metallurgical applications. Hence, 

proper blending of the selected clays with good 

additives to improve their physical, chemical and 

thermal properties is important. 

3. The mineralogical and chemical compositions of 

refractory clays are best examined and evaluated 

using the following method: X-ray fluorescence, 

X-ray diffraction, energy-dispersive X-ray 

analysis, electron diffraction, differential thermal 

analysis, infrared spectroscopy and electron 

microscopy. 

CONFLICT OF INTEREST 

On behalf of all authors, the corresponding author states 

that there is no conflict of interest. 

 

International Journal of Engineering Research & Technology (IJERT)

ISSN: 2278-0181http://www.ijert.org

IJERTV9IS060520
(This work is licensed under a Creative Commons Attribution 4.0 International License.)

Published by :

www.ijert.org

Vol. 9 Issue 06, June-2020

709

www.ijert.org
www.ijert.org
www.ijert.org


REFERENCES 
[1] A. Olalere, S. S. Yaru and O. A. Dahunsi (2019). Evaluation of 

the chemical and thermo-physical properties of locally 

aggregated kaolin-based refractory materials. Journal of 
Mechanical Engineering and Sciences. ISSN (Print): 2289-

4659; e-ISSN: 2231-8380, Volume 13, Issue 1, pp. 4743-4755, 

March 2019. 
[2] Abdelaziz Elgamouza, Najib Tijanib, Ihsan Shehadia, Kamrul 

Hasana, Mohamad Al-Farooq Kawama (2019). 

Characterization of the Firing Behaviour of an Illite-Kaolinite 
Clay Mineral and Its Potential Use as Membrane Support. 

Published by ELSEVIER, Chemistry andMinerology of 

Agbaja Clay for Its Industrial Applications. Chemsearch 
Journal ISSN 2405-8440. 

[3] Abdullahi, Y., Ali, E. A. &Oyeyemi, S. A. (2012). Study of the 

Physico vol. 3(2): 53-60, ISSN: 2276-70X. 
[4] Amkpa Job Ajala, and NurAzamBadarulzaman (2016). 

Performance Assessment of Physico-Mechanical Properties of 

Aloji Fireclay Bricks. International Journal of Integrated 
Engineering, Vol. 8 No. 2, p. 13-15 

[5] Chidinma Christiana Ezeofor, Kovo Godfrey Akpomie, Ebuka 

Leonard Onyeyilim (2017). Firing Temperature Algorithm on 

the Physiochemical Properties of Ishiagu Clay Deposit for 

Refractory Application. Leonardo Journal of Sciences, ISSN 

1583-0233, Issue 31, July-December 2017 p. 29-44 
[6] O. Okpanachi, S. Sadiq, H. Z. Abdullahi, S. I. Ibrahim, V. C. 

Ezik, E. N. Yisa, G. O. Agada (2017). Performance 

Assessment of The Physical Properties Of Kadna, Tagwai And 
Gbakoita Clay Deposits As Refractory For Furnace Lining. 

International Journal of Innovative Science, Engineering & 

Technology, Vol. 4, ISSN (Online) 2348 – 7968 | Impact 
Factor (2016) – 5.264 

[7] Edozuino, F. O., Iloghalu, F. S., Akaeze M. C., Umeohia, 

N.O., Nwaeju, C. C., Anene, I. A. (2016). A Study of Casting 
Characterization of Some Nigerian Clay Slips for Industrial 

Production. International Journal of Advanced Scientific 

Research, Vol.1, Issue 2; May: page No: 41-45. ISSN: 2456-
0421. 

[8] Elakhame, Z. U., Omowinmi, O. J., Arungwa, O. P., Alausa, 

N. A (2016). Compositional Features and Industrial 
Application of Afuze Clay, South-South Nigeria. International 

Journal of Scientific and Engineering Research, vol. 7(1), 

January. ISSN: 229-5518. 

[9] Faheem, U. (2018), Montmorillonite: An Introduction to 

Properties and Utilization. 

[10] Folorunso, D. O. (2015). The Purification and Adaptation of 
Termite Hill Clay for Furnace Lining by Graphite and Rice 

husk Addition. American Journal of EngineeringResearch 

(AJER) ISSN: 2320-0847, P-ISSN: 2320-0936, vol. 4(5), pp. 
08-15. 

[11] George, E.C. (2011). Industrial Clays Technichal University of 
Crete, Department of Mineral Resources Engineering, 73100 

Chania, Greece. Pp.041-49. 

[12] Guggenheim, S. & Martin, R. T. (1995). Definition of Clay 
and Clay Minerals: Joint Report of The AIPEA Nomenclature 

and CMS Nomenclature committee. Clay Minerals, 30, pp. 

257-259. 
[13] Ibitoye, S. and Alo, O. (2014). Adaptation of Odolewu Clay 

for Use as Refractory Material. International Journal of 

Scientific & Engineering Research, Vol. 5, pp. 837-843 
[14] Ibrahim, M. E., Adamu, H. A., Isah, I. K., and Jimoh, S. O. 

(2018). Investigating the Refractory Properties of Jalingo Clay 

Deposit. International Journal of Scientific & Engineering 

Research, Vol. 9(2), February, pp.253-260. 

[15] Katsina, C. B., &Reyazul, H. K. (2013). Characterization of 

Beach/River Sand for Foundry  Application.  Leonardo  
Journal of  Sciences. ISSN: 1583-0233, Issue: 23 July – 

December, Pp.77 -83. 

[16] Mokwa, J. B., Lawal, S. A., Abolarin, M. S., and Bala, K. C. 
(2019). Characterization and Evaluation of Selected Kaolin 

Clay Deposits in Nigeria for Furnace Lining Application. 

Nigerian Journal of Technology (NIJOTECH), vol.38, No.4 
October, Pp.936-946. 

[17] Moore, D. M. &Reynold, R. C. J. (1997). X-ray Diffarction 
and the Identification, Analysis of Clay Minerals, 2nd Edition. 

Oxford University Press, Oxford, UK. 

[18] Muhammad, K.U. (2017). A review on the Adsorption of 
Heavy Metals by Clay Minerals With Special Focus on the 

Past Decades. September. Chemical Engineering Journal 308, 

pp. 438-462. 
[19] Muhammadu, M. M. (2013). An Investigation on Refractory 

clays Properties for Applications in Metallurgical Indutries I n 

Nigeria. International Journal of Advance Research, Volume 
1(6), pp.200-207. 

[20] Murali, Dr., K., Sambath, K. &Muhammed, S. H. (2018). A 

review of Clay and It Engineering Significance. International 
Journal of Scientific and Research Publication, Volume 8(2), 

February, ISSN: 2250-3153. 

[21] Obaje,  S. O., Omada, J. I., &Danbatta, U. A. (2013). Clay and 
Their Industrial Applications.  Synoptic Review. International 

Journal of Science and Technology. 

[22] Ochieng, O. (2016). Characterization and Classification of 
Minerals for Potential Application in Rugi Ward, Kenya. 

African Journal of environmental science and Technology, 

Volume 10(11), pp. 415-431, November, ISSN: 1996-0786. 
[23] Ogunsemi, B. T., Ikubanni, P. P, Agboola, O. O., &Adediran, 

A. A. (2018). Investigative Study of the Effects of Certain 

Additives on Some Selected Refractory Properties of Anti-Hill 
Clay for Furnace lining. International Journal of Civil 

Engineering and Technology (IJCIET), Volume 9(12), 
December, pp. 761-772. ISSN: 0976-6308. 

[24] Adelabu Oluwafemi Samuel (2012). Documentation, 

Application and Utilisation of Clay Minerals in Kaduna State 
(Nigeria). 

[25] Oke Samuel Ranti, Talabi Henry Kayode, 

OlorunniwoOlusegun Emmanuel,                             
AtandaPethuelOlayide, AramideFataiOlufemi (2015). 

Production and Characterization of Clay Bonded Carbon 

Refractory from Ifon Clay and Spent Graphite Electrode. 
International Journal of Metallurgical Engineering, Volume 

4(2): pp. 33-39. 

[26] Omowunmi O. J., (2000) Characterization of some Nigerian 
clay as refractory materials for furnace lining, Nigeria Found. 

Engineering Management, 2000, 12, p. 1-4. 

[27] Ovat,  F. A. and Bisong, M. A. (2017). Assessment of the 
Potentials of Some Nigerian Kaolinitic Clay Deposits. 

European Journal of Engineering and Technology, Volume 

5(2), ISSN: 2056-5860. 
[28] Ovat, F. A., Ewa, D. E., &Egbe, E. A. (2017). Evaluation and 

Characterization of Gakem and Abouchiche Clay Samples in 

Bakwarra L.G.A of Cross River State for Use as Refractory 
Materials. Vol. 36,  No.3, July. pp. 844-848, Print, ISSN: 

0331-8443, Electronic ISSN: 2467-8821. www.nijotech.com.  

[29] Oyetunji Oluremilekun Ropo, Pele Babatope Olabanji & 
Orisawayi Abimbola Oluwatayo (2018). A Comparative Study 

on Refractory Properties of Dolomite using Clay as Additives. 

International Journal of Mechanical Engineering (IJME), 
ISSN (P): 2319-2240; ISSN(E): 2319-2259 , Vol. 7, Issue 6, 

Oct - Nov 2018; pp. 5-10.  

[30] Oziegbe, E. J., Olarewaju, V. I., Ocan, O. O. (2019). 
Characterization and Utilization of Clays from Origo and Awo 

Southwestern Nigeria. Malaysian Journal of Geosciences 

(MJG), Volume 3(2) pp. 52-58  ISSN: 2521-0920 (Print), 
ISSN: 2521-0602 (Online). 

[31] Paul, A. I., Johason, A., Emmanual, E. A., Joy, O. (2011). 

Effect of Moisture Content on the Foundry Properties of Yola 
Natural Sand. Leonardo Electronic Journal of Practice and 

Technologies, Issue: 19, July- December. ISSN 1583-1078, pp. 

85-96. 
[32] Richard O. Afolabi, Oyinkepreye D. Orodua, and Vincent E. 

Efeovbokhan (2017). Properties and application of Nigerian 

bentonite clay deposits for drilling mud formulation: Recent 
advances and future prospects. www.elsevier.com/locate/clay 

[33] Sani, A ., Bashir, G., Danshehu, B. G., &Isah, A. D. (2013). 

Studies on the Chemical and Physical Characteristic of 
Selected Clay Samples. International Journal of Engineering 

Research and Technology (IJERT), ISSN: 2278-0181, Volume 

2, Issue 7. 

International Journal of Engineering Research & Technology (IJERT)

ISSN: 2278-0181http://www.ijert.org

IJERTV9IS060520
(This work is licensed under a Creative Commons Attribution 4.0 International License.)

Published by :

www.ijert.org

Vol. 9 Issue 06, June-2020

710

www.ijert.org
www.ijert.org
www.ijert.org


[34] Titiladunayo, I. F. and Fapetu, O. P. (2011). Selection of 
Appropriate Clay for Furnace Lining in Pyrolysis Process. 

Journal of Emerging Trends in Engineering and Applied 

Sciences (JETEASA) Volume 2, Issue 6, pp. 938-945, ISSN: 
2141-7016. 

[35] Ugwuoke, J. C., &Amalu, N. I. (2018). Characterization of 

Obe Clay Deposit for Refractory Production. American 
Journal of Engineering Research, Volume 6, Issue 12, pp. 74-

77, ISSN: 2320-0936. 

[36] Umbugadu, A. A., &Igwe, O. (2019). Mineralogical and Major 
Oxide Characterization of Panyam Clays, North - Central 

Nigeria. International Journal of Physical Sciences Volume 14, 

Issues 11, ISSN: 1992–1950, pp. 108-115 
[37] Yusuf, L. S., &Abdulhafeez, N. A. (2018).  Evaluation of 

Chemical and Physico- Mechanical Properties of Some 

Nigerian Natural Clay Sample for Foundry Applications. 
Journal of Engineering and Technology, Volume 3, Issue 2, 

September. ISSN: 2597-0625. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

International Journal of Engineering Research & Technology (IJERT)

ISSN: 2278-0181http://www.ijert.org

IJERTV9IS060520
(This work is licensed under a Creative Commons Attribution 4.0 International License.)

Published by :

www.ijert.org

Vol. 9 Issue 06, June-2020

711

www.ijert.org
www.ijert.org
www.ijert.org

