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I. Introduction
A Mineral Resource could be defined as a concentration or occurrence of solid material of

economic interest in or on the earth's crust in such form, grade or quality and quantity that there are
reasonable prospects for eventual economic extraction (Ibarra-Gutiérrez et al., 2021).

Mineral resources can find application in a wide range of engineering fields, with potential to play
a significant role in the country’s socio economic development of any nation (Biney et al., 2022). The
presence of high mineral potential in countries like Cameroon is an additional advantage for materials
engineering development. Cameroon is situated above the equator, with an area of 475,440 Square
kilometers, latitudinal coordinate of 7.3697° N and longitude coordinate of 12.3547° E. The country
possesses a huge potential of mineral resources including iron, rutile, nickel and cobalt, bauxite,
diamond, gold, uranium, limestone, marble, sand, clay and aggregates (Kamga et al., 2018; Weng and
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Margules, 2022). However, these natural resources remain largely unexploited. Only a few companies
and economic activities are ongoing on their valorization, with a contribution to the Gross Domestic
Product being less than 1%. Besides, the main research activities in materials engineering from local
mineral resources in Cameroon include their use for building applications, animal husbandry and
agricultural application, adsorbents, purification materials and materials for electrochemistry. These
research activities are mainly conducted by the state universities and research institutions under the
Cameroon Ministry of Higher Education and the Ministry of Scientific Research and Innovation, in
collaboration with local and external partners. This paper reviews Cameroon’s mineral resources as
well as some research and industrial activities in materials engineering, in order to better highlight the
country’s potential and actions to be taken for a better contribution of local minerals in the country
socioeconomic development. The methodology used to collect information included searching on
websites of institution involved in materials engineering of state Universities, research institutions
under the Cameroon Ministry of scientific research and innovation and the Ministry of Mines and
Technological Development. The word “Cameroon” was also used as key word for collecting online
information in scientific data bases that included Science Direct and google scholar.

I1. Potential of mineral resources for development in Cameroon
Literature identifies different types of mineral resources like energy, ore, industrials minerals and

building materials (Kamga ef al., 2018; Philémon et al., 2016b; Yamb et al., 2016). Some industrials
minerals and building materials constitute what is often called “development minerals” which are
highly neglected in ACP countries!" From toothpaste to paints, and buildings to plates, the mining of
development minerals are intrinsic to everyday life. Cameroon's potential in these mineral resources
no longer needs to be demonstrated. However, geological mapping and overall knowledge of the
country's mining potential remain very limited and more than 50% of the territory remains unknown
(Kamga et al., 2018). These geological resources constitute basic raw materials in the development of
materials engineering, with the finality of setting up goods and services.

a) Geology of Cameroon and related mineral potential
Cameroon's geological history starts with the Archaean era between 3.5 and 2.5 billion years (Ga)
ago; Its different phases of development are illustrated by geological masses formed during successive
orogenic cycles characterized by the formation of mountain ranges, and subsequent extension phases
by the splitting of the continental crust (Fuh, 2013; Noel ef al., 2014). Three orogenic cycles are
defined:
- The Liberian cycle, illustrated by the Ntem complex, which dates from the Archaean era,
and is about 2.5 billion years old.
- The Eburnean or Trans amazonian cycle, with the Nyong and Ayna formations, which date
from the Palaeoproterozoic period (2.5-1.8 billion years ago);
- The Pan-African cycle, which comprises formations from the Neoproterozoic era 1,000-
600 million years (Ma) ago.
This geology is favourable to the mineralization of substances as precious metals, base metal,
rare metals, and hydrocarbons. Example are:

http://developmentminerals.org/index.php/fr/pays/cameroun , consulted on 30 August 2022*
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- Congo Craton with Archaean Greenstone belts at the southern part of the country, the Dja
series. Identified minerals are: iron ore at Mbalam and Kribi, uranium at Lolodorf,
Diamond at Mobilong, etc.

- Central Cameroon shear with Poli series in the Northern part where we had minerals like
uranium, sapphire and gold.

- Sanaga shear zone with Lom series (East) for gold;

- Pan African Mobile Belt for placer gold;

- Sedimentary basins for oil & gaz (Douala, Campo, Kribi), salt and sapphire (Mamfe).

Mineral resources of Cameroon can be grouped as: i) precious metals and precious stones
(diamond, gold, sapphire, kyanite), ii) construction materials (clay, quartzite, sand, gravel stone like
marble and granite), iii) ores (iron, alumina, nickel and cobalt), and iv) energy minerals (uranium).
Figure 1 summarises the potential of mineral resources in Cameroon.
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Figure 1: Potential of mineral resources in Cameroon (IRGM, EITI & PWYP, modified)
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b) Development minerals

Development minerals include industrial minerals and building materials. The application sector
of industrial minerals is very wide (metallurgy, chemicals, glassware, ceramics, cosmetics, housing,
automotive, stationery, etc.).

v" Industrial minerals

Diamond

The known diamond deposit in Cameroon is that of the Dja series, locality of Mobilong located in
the municipality of Yokadouma, in eastern Cameroon and not far from the border with the Central
African Republic. This deposit is the mining property developed by the Cameroon & Korean Mining
(C&K Mining) company. Its valuation is estimated at 420 million carats, which would make it one of
the largest diamond deposits in the world. Seventeen (17) targets documented out of which nine (9) are
presently exploited by artisanal industry. About twenty-six (26) small-scale mining sites exist.
Significant diamond occurrences discovered along 700 km border with Central African Republic.
Other diamond rich areas in the Est region are Ketté, Boubara, Lom, Boumbe-2, Betar¢-Oya,
Y okadouma and Gari-Gombo (Fig. 1). Also, little traces are found in Poli (North) and Mamfe (South-
West) (CAPAM)?.

Sapphire / Corundum

Corundum occurrences were discovered in Cameroon since 1966, in secondary deposits, within clastic
sediments overlying assumed Cretaceous ages sedimentary rocks in the Mamfe Basin, Southwest
Region of Cameroon (Paul Mbih ef al., 2016). They have been mined in alluvium, colluvium and
eluvium in other parts of the country. The most productive deposits are found in Mayo Kewol, Paro
Lawel, Mayo Dankali, Marma, Karange, Tignere and Tibati in the Adamawa region of Cameroon
(Boaka a Koul et al., 2010; Kanouo et al., 2012; Paul Mbih et al., 2016).

Rutile / Kyanite

More than sixty-five (65) targets have been identified and are often associated with kyanite and
garnet. Total production was 16,500 tons and during the 2nd World War the contribution of mining
activity to the economy had reached 20%. Studies of the rutiliferous potential in the Akonolinga,
Nanga-Eboko and Otélé zones gave a partial evaluation of more than 300 million tonnes (in the
tributaries of the major collectors and reservoirs, the Sanaga and the Nyong). Official data estimate
nearly 3 million tons of rutile, including 500,000 tons located in Akonolinga, the world's second largest
reserve behind Sierra Leone. Geochemical analysis by XRF technique revealed that the rutile in the
area is of high quality, with a TiO; content > 96 wt%, and subordinate Fe>O (2.2-3.1 wt%), and minor
amounts of AbO3, SO3, K2O P2Os and Mn2Os (Agyingi ef al., 2009). Currently, this substance is being
explored by the French company Eramet. Other localities where rutile have mostly concentrated are
Nkol-Afamba, Sack-Bayeme and Fifinda (Betsi et al., 2020; Ngo Bidjeck Bondje et al., 2020), Lobo
(Nyobe et al., 2018), Matomb (Tonje et al., 2014), and Dibang, Abong Mbang and Akonolinga (Stendal
et al., 2006), and Nkolembonda in the southwestern Cameroon (Cédric et al., 2022).

2 https://www.minmidt.cm/capam-2/, consulted on 18 September 2022

Lemougna et al., J. Mater. Environ. Sci., 2023, 14(2), pp. 184-209 187



Kyanite, around 200 000 tons was discovered in the localities of Otite and Nanga-Eboko in the
Centre region (INS, 2022).

Tin

Seventeen (17) tin targets, expressed as cassiterite (tin oxide), have been identified in Cameroon.
We can cite the Mayo-Darlé deposit, the alluvium and eluvium of which were the subject of ancient
artisanal mining with 6,500 tons of cassiterite extracted from 1933 to 1968. The mining engineers and
geologists of the time (1940s and 50) described this deposit as very rich and its primary potential
remains to be defined.

Kaolin

Some Cameroonian localities exhibit kaolin clues such are Mayoum in the West region (Njoya et
al., 2006; Nkoumbou et al., 2009) and Mankon in the North-West region (Nzeukou Nzeugang et al.,
2018). The Mayouom Kaolin deposit is located in the West Region — Cameroon, about 30km from
Foumban (Fig. 1). The locality belongs to the Foumban Shear Zone where a Neoprotezoic mylonitic
band (500 — 600 Ma) appears in an intrusive magma (< 40 Ma). The basement consists of granite and
orthogneiss with similar mineralogical compositions. Mylonite is a band 4 to 6 km thick oriented SW-
NW and crossed in places by quartz veins. The cubage is not yet available. However, many wells and
hand auger surveys have been carried out in the various hills. The waste rock shows a thickness of less
than 1 m, and these wells have not reached the basement because of the frequent emanation of an
unknown gas below 6 m. The mylonitic band extends SW-NE over 2 km x 0.5 km. Due to its high
kaolinite content (up to 85%) and the low iron mineral content (<1.5%), Mayouom kaolin is a suitable
raw material for white burning industrial clays.

Talc

A talc deposit from Lamal Pougue in the Boumy¢bel area at about 93 km from Yaoundé (Centre
region, Cameroon) (Nkoumbou et al., 2009; Woguia et al., 2021).

Quartz

The quartzites are located in the localities of Pouma, Sa'a, Mbalmayo. The fresh quartzite
formation in the Pouma locality stretches along the Douala-Yaoundé¢ axis over 1871.4 m and 1991 m
for the slightly altered formation (Jude et al., 2021) .

Feldspar

The located deposits area in Cameroon are Eboundja, South region (Emmanuel et al., 2013),
Boboyo, Far-North region (Kanouo et al., 2019), Bagangté, West Cameroon (Tchouankoué, 1992),
Monguélé, south east Cameroon (Vicat and Kenguemba, 1999) and Linté, Centre region (Mouliom et
al., 2022). The Eboundja deposit is a nepheline syenite made up of an elongated massif 8 km long by
1 km wide, with a SW — NE axis, dominating the coastal plain by about 80 m. The average contents of
the major elements before treatment are as follows: SiO2 = 55.19%; AlLO3 = 21.96%; Fe,Os (total) =
3.77%; NaxO + KaxO = 14.97%. The dimensions of the syenite deposit give an idea of the overall
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volume in which the exploitable mass is included: length 8,000 m; width 1000m; thickness 40m; (8,000
* 1,000 * 40), i.e., 320 million m3.

v Building mineral

Building minerals are generally used for the construction of building, roads and railways. They
include clay, pozzolana, limestone, marble, gravel, sand, and dimensioned stones.

Clay

Clay deposits were localized in majors part of the country. Estimated tonnages include (30-70)
x104 m? observed at Nanga-Eboko and 220 000 m3 at Ebebda in the Centre region (Nzeugang Nzeukou
et al., 2013; Nzeukou et al., 2013), 2 550 000 tons in the Bomkoul area (Mipromalo), Douala, littoral
region, 875 x 106 tons in the Monoum plain (11372 ha), west region (Bomeni et al., 2022).

Pozzolana

A pozzolana deposit is in operation at Djoungo between Douala and Nkongsamba, but the
evaluation work can highlight large deposits of volcanic ash with a pozzolanic effect (Tchamdjou et
al., 2015) particularly in the volcanic zones of the South-West, West and North-west where
Strombolian activity has been frequent.

Limestone

Six (6) limestone targets and deposits have been identified, including the Figuil deposit (600,000t
of reserves) which is exploited for cement works (Yamb et al., 2016); the Moungo, Bogongo,
Logbadjeck and Kompina deposits, in the sedimentary basin of Douala (Billong et al., 2020), then the
Ngol Veneer Travertines, and the Mintom deposit, in the upper Dja series (Bisse e al., 2018; Philémon
et al., 2016b). An exploration permit is held by CAGEME Sarl on the Mintom deposit.

Marble

A marble deposit is known in Bidzar, one of the fields with reserves of 2.5 million tons. This
deposit has continuity in the Biou zone (Lyonga et al., 2022; Wouatong et al., 2017). It has been
operated for more than forty years by the company ROCAGLIA, which produces an average of 5000
tons of marble per year. CIMENCAM has just obtained the exploration permit there for the needs of
the local cement plant.

Sand

There are industrial quantities of sand as a construction and servicing materials, but there is also
pure sand for glassmaking, like the Manoka deposit (sea coast) operated by SOCAVER for the
production of bottles used in particular for the breweries.

Gravel

The geology of Cameroon shows that more than 80% of the territory rests on the crystalline base
(Fig. 1), like hard rock or stone. Those rocks are transformed by suppliers to produce gravel and
dimensioned stones.
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c) Other minerals
Iron ore

Cameroon's potential in ferrous resources covers several localities and according to KPMG
(KPMG, 2014), about twenty-five (25) targets occurrences have been discovered including Mbalam
(in the east), Nkout, and Lobé¢ (in the south). The geological context of those formations is constituted
by an Archean to Proterozoic cratonic basement (2500 to 600 Ma) and comprises the Ntem Formation
(Ntem Complex, Dja Series and the Nyong series) (Anderson et al., 2014; Sylvestre et al., 2017) (Fig.
1). These rocks have been metamorphosed and include quartzites, schists, amphibolites, charnockites,
greenstones, granulites and gneiss. The bounded iron formation (BIFs) in the region is Archean in age,
hosted by greenstones (Moudioh et al., 2020). Some exploration industry key facts are the Mbalam,
Kribi, Nkout and Bikoula projects.

The Mbalam ore deposits, rich in hematite represent 775.4 million tonnes with 57.2% iron and
95% of this deposit is classified as "indicated" in accordance with the JORC code (Joint Ore Reserves
Committee), which is part of the international standards for the most accurate estimation and targeting
of a deposit®. Cam Iron S.A (90% Sundance Resource) owns the permit in this area, and would probably
have the capacity to mine 40 million tons of iron ore annually over 12 years, in its first phase of
development. Fe concentration increases from average of 46.18 wt% to 79.08 wt% (Nforba et al.,
2011). The Nkout ore deposit, a locality located about twenty kilometers from Djoum, in the South
region of Cameroon, has the same geological environment (Congo craton) as the iron deposit of
Mbalam and the belt of iron formations extend up to in Gabon and Congo (Anderson et al., 2014;
Ndime et al., 2019) . It is the mining property of the Affero mining company (Caminex S.A), and is
considered the largest deposit and hosts according to current estimates of resource of 2 billion tons,
expandable to 4 billion tons. Current mineral resource stands at 1.2 Bt grading 32.9% Fe, and covers
approximately 8.9 km of the total 20 km strike length.

The Lobe (or Mamelles) ore deposit in Kribi is a small deposit compared to the others. Major
oxides are Fe2O3 (72—-76.40 wt%), Al,O3 (2.80-5.43 wt%), and SiO2 (16.70—18.35 wt%) (Soh Tamehe
et al., 2020; Teutsong et al., 2021). It covers an area of 978.3 km?. The overall reserve highlighted is
632 million tonnes at a content of 33%, therefore requiring to be enriched to at least 60%. It is the
property of SINOSTEEL CAM S.A. The Bikoula ore deposit, is nearby Nkout-Akon-Djoum (Teutsong
et al., 2021). The preliminary analysis from core samples collected from drilling under completion
reveals 55.5 to 57.3% Fe. It is explored by Aucam & Aluvance Mining company. Other localities with
iron potential are Kouambo and Bipindi (GeoCam Mining), also located in the Southern part of the
country (Moudioh et al., 2020; Sylvestre et al., 2017).

Nickel-cobalt-manganese

These three ores were discovered in the Nkamoua area near Lomié in the eastern part of the country
(Yongue-Fouateu et al., 2006) (Fig. 1). The deposit is the property of Geovic Mining Corp. The data
show that the potential of the deposit is 121 million tons of mineral resources, with average grades of
0.23% for cobalt, 0.65% for nickel and 1.35% for manganese (KPMG, 2014). It is developed on
serpentinized peridotite. As mineralogy and geochemical composition are the key factors in the
economics and processing of laterite deposits (Gleeson et al., 2003), the Nkamouna deposit is enriched
in Co and Mn, with sub-economic Ni grades and will be mined primarily for Co. Lithiophorite is the

3 https://www.sundanceresources.com.au/irm/content/annual-reports.aspx?RID=233, consulted 30 August 2022
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most common Mn mineral and is the main host of Co, Mn and a significant proportion of Ni. It occurs
as coatings in pores and on other mineral grains and as concretions and impregnations in the matrix.
The structure and mode of occurrence of the lithiophorite makes Nkamouna ore amenable to physical
beneficiation, producing a concentrate with Co grades 2.3-4.5 times higher than the run-of-mine ore
(Lambiv Dzemua et al., 2013). Nickel: 27 clues detected in Masséa, Yokadouma, Mintam, Rainy.
Cobalt: 06 indices and deposits counted in Lomié (Kongo, Mang, Masséa, Kondong) over 240 km?2.
02 other clues noted in Ngoila and Mbalam. Manganese: 12 known showings related to serpentinites,
conglomeratic sandstone, laterite, paragneisses, basalts (MINIMIDT)?.

Alumina

The alumina deposit in Cameroon consists of the bauxite formations of Mimi-Martap and
Ngaoundal (in Adamawa region), and Fongo-tongo (in West region) (Fig. 1).

The Adamawa bauxite deposit is operated by Cameroon Alumina Limited (CAL) — a joint venture
between Hydromine, Dubai Aluminum Company and Hindalco Industries. The Australian mining
junior Canyon Resources has published the results of the last research phase of its project on this
deposit, which has enabled it to identify 65 additional bauxite plateaus (bringing the total to 79). By
analysing only 16 of the 79 targets, the project's potential is estimated at 892 million tonnes, including
250 million at " very high grade ", ideal for aluminium production. The resources are estimated at over
one billion tonnes at an average grade of 41.3% alumina in Minim-Martap. For Ngaoundal, the bauxite
resources are estimated at 120 million tonnes with 41-43% alumina.

The Fongo-Tongo deposit is estimated at 46 million with an average grade of 47% alumina.
Overall, the geochemical data prove to reveal the persistence of high alumina (Al2O3) content, ranging
from 37.4 to 57.5 wt%, with relatively low Fe2O3 (<29.5 wt%), TiO2 (<7.5 wt%) and SiO> (0.48-3.21
wt%) (Dongmo et al., 2019). In Bangem, in the South-West Region, there is an estimated 19 million
tons reserve deposits, expandable by 30 million tons. CAPAM, Cameroon’s mining arm, also reports
4 million tons in Foumban, in the Western Region.

Gold

The eastern part of Cameroon is the most prospective area for gold resources (Fig. 1). About one
hundred and forty (140) targets discovered essentially at Yokadouma, Lom, Mbéré and Mayo-Rey
range (Djibril et al., 2017; KPMG, 2014), and Colomine (Gentry et al., 2021) . The sector is still
strongly dominated by small miners and the latter still escape all control despite the government's
efforts to control production, but especially marketing.

In addition to Codias SA, which is to develop the small Colomine gold mine in the east of the
country, the mining company Oriole Resources is active on the Bibemi and Wapouzé gold projects.
African Aura Resources-Aureus (UK) is in the exploration phase and prospection permits in several
regions like Batouri, Tcholliré, Akonolinga or Rey-Bouba. Fametal Mining Resources Cameroon
(FMRC) is in the exploration phase at Mang, Boulou, Mompwe (East). The South Africa company
(Caminco) has gold exploration permits in the North. The Cameroonian company (Bocom) also have
a research permit in the northern part (Vaimba area) of the country (Penaye, 2013). The new gold
deposits include Misaje, Bipindi-Lolodorf, Batouri, Sangmelima, Mamfe, Ebolowa, and Okola.

4 https://min-midt-gov.com/, consulted September 17t 2022
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Copper

About fifty (50) targets have been highlighted in relation to the Bas-Nyong unit of the Ntem group
in the south, the lower Dja series in the extreme south-east of the country, the basement-Dja series
contact in the south of the district of Yokadouma, the group of Yaoundé, the ferriferous furrows and
the unit of Ntem in the South, the microclinized and granitized bedrock of Adamawa, the major
Foumban-Ngaoundéré accident, the series of Poli in the North, the ditch of the Mbéré, the series of
Yokadouma (KPMG, 2014). The largest number of clues is found in the detailed inventory zone south
of the 4 parallel. A research permit has been granted to the South African company CAMCOM Sarl
on the Ngoila copper deposit (East Yokadouma).

Energy minerals (Uranium)

About fifty uranium targets were highlighted, most of which, in the form of geochemical
anomalies, were detected by the systematic mining inventory work carried out from 1978 to 1987 by
the South-East mining projects (United Nations) and South-West (collaboration with the French
Bureau of Geological and Mining Research). The Mega Uranium company, holder of the research
permits, is carrying out advanced research work in Poli and Teubang in the North, in Lolodorf in the
South, in Ngombas in the Center. According to Ministry of the Economy, Planning and Regional
Development, a uranium deposit of more than 1300 tons was discovered in Poli. But, the real potential
of Cameroon remains to be defined>.

d) New potentials clues

Thanks to World Bank support for the Mining Sector Capacity Building Project (Precasem), an
airborne geophysical survey campaign, carried out between 2014 and 2019, has identified up to 500
new virgin sites. These mining sites cover a total area of 160,000 km? and are concentrated in five
regions of the country, namely: East, West, Adamawa, North and Center. Minerals vary from gold to
rare earths elements, base metals and uranium. Niobium—tantalum oxide minerals have also revealed
in alluvial deposits from the Ngoura area, East-Cameroon (Bidzang et al., 2020). “After five years of
studies, with the support of the World Bank, more than 300 new deposits have been identified in five
(05) regions: Copper, gold outside the Eastern region, uranium, lead, zinc, especially the rare earths
elements. Table 1 shows distribution, by region of "proven" and “undeveloped" deposits of raw
materials in Cameroon (Tita, 2020).

To better valorise mining activities, the “Support for the Development of Mining Activities”
(CAPAM) was created in 2003 by the Prime Minister Head of Government, then, the national mining
corporation “(SONAMINES)”, was created in 2020 by the President of the Republic of Cameroon
decree n°2020/749, with main mission to develop and promote the mining sector in Cameroon, with
the exception of hydrocarbons and quarry materials, and manage the interests of the State in the
domain®.

https://fortuneofafrica.com/cameroon/2014/01/31/proven-oil-and-gas-reserves-in-cameroon/, °

consulted on 30 August 2022

5 Decree N°2020/749 of 14 Dec 2020 to set up the National Mining Corporation
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Table 1: Distribution, by region of "proven" and “undeveloped" deposits of raw materials in Cameroon

(Tita, 2020).

Interpretation of satellite photos of
35 mining zones where there are
proven undeveloped deposits

List of products

Estimate (tons) of proven
undeveloped reserves

Titanium, rutile, garnet, ilmenite Wolframite,

Akonolinga pechblende, chromite, pyrochlore 3 000 000 tons
Menoua Aluminum, bauxite 5 000 000 tons
Kadei basin Gold 5 tons

Batouri Gold 5 tons

Bétaré Oya dGiz:gz)‘Eésmuth, molybdenum lead, wolfram, 20 tons
Bouendjo, Edéa Eboundja, Kribi Wolframite, pechblende, chromite, pyrochlore 400 000 tons
Paro Lawel Sapphire 10 tons

Center — West Bauxite, alcretes 500 000 tons
Colomines Gold, diamond, gemstones 20 tons of gold
Dubreu Titanium, menite wolframite, pechblende. | 400,000 ons
Eboundja Syenite, nepheline, feldspar 20 tons

Fokoué Fokamezoun

Bauxite, alcretes

1 000 000 of tons

Garga-Sarali

Ilmenite, wolframite, pechblende, chromite,
pyrochlore, niobium — columbium tantalum
(Ta20s), tin, gold

1 000 000 of tons

pyrochlore, titanium

Tamonéguézé Ketté Irderé Industrial diamonds and gem diamonds 10 000 carats

Kambélé Gold, diamond, and other gemstones 100 tons

Kongo Nkamouna Lomié Mang Cobalt, nickel, manganese 55, 61 rfmd 17 million tons
Messea respectively

Kribi, Les Mamelles Iron 10 million tons
Mboutoundou Gold 2 tons

Mewongo Iron, manganese 100 000 tons

Nanga Eboko Ilmenite, wolframite, pechblende, chromite, L 000000 tons

e) E-waste recycling

E-waste recycling involves the recovering of Au, Ag, Cu, Li, and Co, derived from the usage of

electronic components (Nowakowsky, 2017; Xavier ef al., 2023). This activity is often considered as
urban mining, and, according to Zhang et al. (2019), sustainable urban development is facing two main
challenges: (i) the scarcity of primary resource which increases the demand, (ii) urbanization and
industrialization which increases waste generation and environment concerns. The E-waste recycling
also refers to "circular economy moving" which considers the use of by-products as secondary
resources (Kirchherr e al., 2017). Activities related to E-waste recycling are still limited in Cameroon.

ITI.Industries related to mineral resources and materials engineering
According to a study performed by the Cameroon National Institute of Statistic in 2018, the total

number of modern companies in Cameroon was estimated to 34688, of which 1.0% from the primary
sector, 9.5% from the secondary sector and 89.5% from the tertiary sector. The total turnover estimated
at 12 655 billion FCFA of which 2.4% from the primary sector and 32.3% for the secondary sector.

Photos of some mineral available in Cameroon are presented in Figure 2
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Diamond from Mobilong (East)
(Tita, 2020)

Rutile from Akonolinga (Tita,
2020)

Sand-poor clay

<& Conlact

Kaolin from Méyou (Njoya,
2006)

Kaolin from Mankon (A Nzeukou

Nzeugang et al., 2018)

Felspt from Ina, centre region Feldspath from Boboyo
(Soualiou, 2014)

Syenite from Eboundja
(Mipromalo, 2011)

(Mipromalo, 2013)

Clay from Ebebda (Nzeukou,

2014)

Clay from Booul area
(Mipromalo, 2011)

Clay from Monoun (Boeni,
2019)

7 Exploitation miniére : le sous-sol camerounais compte plus de 4 variétés de pierres de couleurs (ecomatin.net),

consulted on 30 August 2022

8 Un gisement d’environ 200 000 tonnes de disthéne découvert dans la région du Centre - Camerounactuel, consulted

on 30 August 2022
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Pl E 200901719 11:27

Pouzzolan Bangwe-Benakuma Marble from Figuil (Mipromalo, Sand from Akong river —Ako-

Menchum (Philémon et al., 2016a) | 2019) Donga Mantum (NW region)
(Mipromalo, 2019)

sx 1

Quarry of basalt and industriel Bauxite from Minim Martap’ Cobalt-nickel-manganese from
production unit of gravels at Grass Nkamoua®

Camp-Widikum-Momo (NW region)
(Philémon et al., 2016a)

-

Siliceous BIF

Iron from Bipindi (Geocam Mining)"'

?\"

Gold in quartz veins (Viamba permit of BOCOM) (Penaye, 2013) Gold from ast Region (Tita, 2020)

Figure 2: Photos of some mineral available in Cameroon

The main companies involved in materials science using local minerals in Cameroon are classified
in the secondary sector and include ALUCAM, CIMENCAM and other cement companies and
SOCAVER. ALUCAM works in the production and transformation of primary aluminium through the
three processes of electrolysis, rolling and lacquering, with a current nominal production capacity of

9 Exploitation miniére. Canyon Resources investit 6 milliards dans la Bauxite de Minim-Martap | cameroon-report.com,
consulted on 30 August 2022

10 Exploitation miniére. Canyon Resources investit 6 milliards dans la Bauxite de Minim-Martap | cameroon-report.com,
consulted on 30 August 2022

1 FIELD PHOTOS (geocammining.africa), consulted on 30 August 2022
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100,000 tons per year'2. However, alumina raw material used by ALUCAM is still imported from other
countries, while the benefit on the trade balance of the country would have been great if the local
bauxite extraction had priority. The northern plant of Cimencam in Cameroon produces 150. 000 tons
of clinkers per year. A new production line was inaugurated in this company on October 14, 2021,
increasing the company production from 150.000 to 500.000 tons of clinker per year by 20233, This
company also has a plant in Douala and Yaound¢, but cement produced in these plants is from exported
clinker, as the case for other cement compagnies installed in Cameroon (CIMAF, Dangote cement,
Holcim, Egin, Mboka, MIRA Cement and Eren Holding group). Socaver is a subsidiary of the leading
Cameroon brewery, SABC “Société Anonyme des Brasseries du Cameroun” specialized in the
manufacture of hollow glass, with two furnaces producing 55,000 tons of molten glass annually.
Socaver markets nearly 100 products brands including decorated and undecorated bottles, bottles pots.
and jars'*. Socaver is the only glass factory in Cameroon and all the Central Africa region. Socaver
uses sand from Manoka in the littoral region of Cameroon as raw material. There is no company
producing flat glasses which are still all imported. There is also lack of companies producing ceramic
building materials like floor tile, and sanitary porcelain, the local market being supplied with imported
materials, with related negative impact on the trade balance. In the domain of stones, SOMARC,
founded in 2002, is one of the economic players in Cameroon who ambitioned to produce and process
on site, specialized marbles - stones — granites. According to the Ministry of Mine and Technological
Development (MINIMIDT)!®, Gaoda International Investment Trading Sarl, located in Nyom II
(Edimi) in the district of Yaoundé 1¢, recently inaugurated, can be considered as the first factory of its
kind specialized in the transformation of stones into modern building materials in Cameroon. This
company has planned a production of about 5000 tons/day, for an investment cost of 4.5 billion FCFA.
Other companies dealing with minerals include NATH MINING, which markets online precious and
fine stones from artisanal mining. Products are: cut and raw amethysts, citrine, blue sapphires, blue
green sapphires, aquamarines, tourmalines, kyanites, garnets, emeralds, rubies, quartz, topazes, etc.!'®

IV.Research activities on materials engineering
There is currently eleven (11) state Universities in Cameroon namely, University of Bamenda,

University of Buea, University of Douala, University of Maroua, University of Ngaoundéré, University
of Yaoundé I, University of Yaoundé II, University of Bertoua, University of Ebolowa, and the
University of Garoua. Apart from the University of Yaoundé II which is focused only on law and
economic studies, and the Universities of Ebolowa, Bertoua and Garoua which have been recently
created, the seven (07) other states Universities have been running programs and research activities
related to materials engineering. Besides the conventional state universities, research activities on
materials engineering are also carried out by some structures of Ministry of Scientific Research and
Innovation like MIPROMALO, IRGM and IRAD, and a few private universities. These research
activities are performed in many fields including building applications, animal husbandry and

12 https://www.alucam.cm/the-company/historical/ , consulted on 30.07.2022

13 https://www.cimencam.com/fr/pose-de-la-premiere-pierre-de-la-nouvelle-ligne-de-production-de-clinker-et-de-
ciment-de-cimencam-a, consulted on 08.08.2022
Yhttps://www.lesboissonsducameroun.com/fr/nous-connaitre/le-groupe-sabc-en-bref/socaver, consulted on
08.08.2022

15 https://www.minmidt.cm/, consulted on 08.08.2022

16 https://nath-mining.com/ , consulted on 08.08.2022
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agricultural application, adsorbents, purification materials and materials for electrochemistry
application.

a) Building application

A substantial number of research works have been carried out on the development of building
materials from local resources. These included the valorisation of clays in the development of building
ceramics (Bomeni ez al., 2018; Kagonbé et al., 2021; Ndjigui et al., 2016; Njoya et al., 2017; Nzeugang
Nzeukou et al., 2013; Tsozué et al., 2017; Ngon Ngon et al., 2012), the development of alkali activated
materials from clays (Elimbi ez al., 2011; Kenne Diffo et al., 2015; Njoya et al., 2016), volcanic ashes
(Lemougna et al., 2018; Patrick Ninla Lemougna ef al., 2014; Patrick N. Lemougna et al., 2014; Tiffo
et al., 2021), laterites (Kaze et al., 2021; Lemougna et al., 2017; Rodrigue Kaze et al., 2021), the
development of acid based inorganic polymer cement from various local resources (Bewa et al., 2020;
Djon Li Ndjock et al., 2022, 2021), the development of pozzolanic cements from local clays, limestone
and rice hush ashes (Bayiha et al., 2019; Billong et al., 2020, 2011). The results of these research
activities indicate that local mineral resources are of great potential for the development of various
building materials. The use of locally produced building materials is also encouraged by the Prime
Minister circular n°002/cab/pm of 12 march 2007 promoting the use of local materials in public
buildings. However, many research works on building materials remain at the laboratory level. For
instance, the sector of residential buildings is mainly dominated by concrete blocks in big cities. Fired
bricks, compressed earth blocks, dimensioned stones and earth construction are also used as local
building materials in some parts of the country.

b) Electrochemistry application

Electrochemistry is defined as the science enabling the transformation of matter using electricity
(Njine-Bememba and Seumo Tchekwagep, 2022). Research activities in electrochemistry in Cameroon
include the development of corrosion inhibiting materials (Tchoumene et al., 2022; Wamba-Tchio et
al., 2022), the valorization of local materials for the development of electrochemical sensors and
molecular electrochemistry as well as the use of electrochemistry as the main analytical method for the
characterization of materials such as smectite and kaolinite clay minerals, lignocellulosic materials and
double lamellar hydroxides (Deffo et al., 2021; Mbouguen et al., 2007; Ngassa et al., 2014; Njine-
Bememba and Seumo Tchekwagep, 2022; Tcheumi et al., 2019). The physical and chemical properties
of these materials are exploited for the removal of pollutants including heavy metals, dyes and
pesticides. Additionally, some of these materials present interesting properties for an improvement of
conventional electrodes such as glassy carbon, gold and graphite electrodes (Njine-Bememba and
Seumo Tchekwagep, 2022).

¢) Adsorbent and purification materials

Due to anthropogenic activities including mining, agricultural and industrial activities, the
concentration of some hazardous elements into the global environment has been increased (Ano ef al.,
2023; Akpakpan et al., 2023; Ntakiyiruta et al., 2023). Therefore, there has been many research
activities performed in the development of purification materials using local resources. For instance,
an efficient low cost and water defluoridation filter was developed using filtration layers made of local
materials consisting of a sequence of gravel, bone-char and sand (Djousse Kanouo et al., 2020). Clay
based ceramic composite materials with hydraulic permeability were also elaborated using sawdust as
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pore forming agent to design ceramic filters (Youmoue et al., 2017). Natural volcanic ash from Mount
Cameroon was investigated by synchrotron radiation x-ray absorption spectroscopy for a potential use
to remove Fe’* ions from aqueous solutions in water treatment application (Thiodjio Sendja et al.,
2021). Many other studies related to the development of purification materials include the use of local
clays for the removal of dye (Dobe et al., 2022), ceramic membrane from local clay, coconut husks
and eggshell for the retention of Escherichia coli bacteria (Kamgang-Syapnjeu et al., 2020), local
Egusi Seed Shells for the removal of nitrate ions from aqueous solution (Lekene et al., 2021, 2018).

d) Animal husbandry and agricultural application

Minerals are used in modern agriculture as nutritionally important for crops, poultry, and animals.
Indeed, the absorption and formation of organic compounds from these minerals are basic to almost
all forms of life (Kilmer, 1979). Research activities on the use of local mineral resources for animal
husbandry and agricultural application included the use of lime to reduce the negative impact of
aluminum on soil fertility (Yerima et al., 2020). Liming materials were also observed to be efficient in
fishing farms for different purposes, including neutralizing acidity, increasing total alkalinity,
disinfection of ponds and prevention of invasive wild species (Bouelet Ntsama ef al., 2018). Limestone
from Mintom in the South Cameroon was also found potentially suitable for agricultural amendments
(Philémon et al., 2016b). Furthermore, application of finely ground basalts on impoverished soil
(oxisoils) and monitoring of changes in physicochemical properties and especially for plants requiring
alkalis and alkaline earth was done in Ngaoundere (Adoulko et al., 2021). The fertilizing effect of
vivianite (a phosphorus rich mineral) on the growth and yield of the bean plant ‘‘Phaseolus vulgaris’’
was assessed in Ngaoundéré (Fodoué et al., 2015). The overall results indicate that vivianite can be
used to enhance the bean crop yield and is therefore a good alternative to chemical fertilizers commonly
used. Amendment of sandy soils by swelling clay materials was observed to be a promising solution
to improve their fertility and enhanced crop yield. These swelling clay materials, characterized by high
smectite contents, might also constitute an interesting alternative friendly fertilizer to the expensive
chemical fertilizers often used (Simon Djakba and Jean Pierre, 2014).

e) Other applications

Other research activities in materials engineering include the valorization of biomass into biochar
for energy or purification applications (Bot e al., 2022; Djomdi et al., 2021; Sarantopoulos et al., 2009;
Sessa et al., 2021). For instance, in a study of sawmill residue conversion by thermochemical process
into biochar, it was observed a high concentration of carbon from 500°C meanwhile a heating rate from
0.1 to 70°C was observed to be marginal in the biochar yield; the possible application of the prepared
biochar being solid fuel, soil amendment and carbon sequestration (Sessa et al., 2021). Other studies
also include the use of laterite in the preparation of efficient (photo) catalyst for plasma oxidation of
organic pollutant (Tarkwa et al., 2019) and the use of natural kaolinite from Mayoum (a locality
situated at the West region of Cameroon) for the production of oxide catalysts using the chemistry of
gliding arc atmospheric plasma in humid air (Tiya-Djowe ef al., 2019).

V. Challenges and prospects
Many large companies in Cameroon are only considering external laboratories for research

development on materials engineering related to their activities. This reduces the possibilities for
private support and funding from industries to the universities. On the other hand, laboratory facilities
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are limited and need to be improved and modernized for a better contribution of local research
institutions on the materials science development. There is a lot to be done for an industrial production
of building materials from locally available resources. The market of building materials like ceramic
floor tile and flat glasses is still exclusively dominated by imported materials, despites the effectiveness
of suitable sand deposits for flat glasses and clay deposits for the floor tiles. Besides, research and
industrial companies for high tech materials such as semi-conductors, photovoltaic solar cells, glasses
for cell phone and other electronic applications, high tech ceramic for aeronautic, biomedical and
electrotechnical application remain scarce in the country. The Figure 3 present the importation of some
inorganic materials in 2020.
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Figure 3. Information on some imported materials in 2020 from the Cameroon National Institute of
Statistics'’

Some potential applications of the mineral resources presented in Table 2 are showing that there
is still many areas of research and valorization activities in materials engineering to be performed from
the Cameroun mineral resources. Information in Figure 3 is showing that the country is losing a lot of
money with importation of materials related to materials engineering industry, due to limited
development of the country in the field. This has a negative effect on the country trade balance currently
estimated at -744 billion FCFA deficit. Hence, it would be of interest for the government to increase
the funding opportunities encouraging both research innovation and industrial development related to
materials engineering. In light of information on country statistics related to imports/exports, regular
meetings between companies, universities/research institutions and government should be established
to implement better strategies for imports’ reduction and country’s development. In addition to that,
international collaboration for technology transfer in various field of materials engineering should be
encouraged and supported. For instance, some programs aiming to reduce importations, including
scholarships to young Cameroonians for training in specific engineering fields abroad, followed by
funding for developing start-ups in related areas could be implemented.

7 COMMERCE EXTERIEUR DU CAMEROUN EN 2020, Une Publication du Département des Synthéses Economiques ©
INS, Juillet 2021 , Web: https://ins-cameroun.cm
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Table 2: Some potential use of mineral resources

Mineral resources Potential industrial applications/ research area to be explored
Iron Steel and reinforcing steel, beams, angles, flat irons and machine wires which are intermediate
products used to manufacture nails, smooth irons and screws
v' Nickel is used in many industrial and consumer products (stainless steel, alnico
magnets, coinage, rechargeable batteries, electric guitar strings, microphone
Cobalt/ capsules, plating on plumbing fixtures and special alloys).
Nickel/ v Cobalt is used in lithium-ion batteries, in the manufacture of magnetic, wear-resistant
Manganese and high-strength alloys.
Manganese is used for industrial alloy (stainless steels). It improves strength, workability, and
resistance to wear
Diamond Jewellery
Jewellery
Pigments

Sensors, photocatalysis
Paints aircraft cockpits.
Plastics, ink, coatings, paper, rubber, chemical fibber, chemical, ceramics, pharmaceutical,

food, and some further industries

Rutile /Anatase

Refractory equipment and products

Kyanite Automotive and railroad industries
Tin Household utensils
Porcelain, refractory industry
. i 1
Kaolin Paper industry

Cement and glass
Fibber industries

Plaster making,
Talc Reinforcing filler
Prosthesis in dental surgery

Quartz/ Abrasive, Glassware, Silicon for various applications including semiconductor and photovoltaic
quartzite solar cells.

Flux in glassmaking, ceramic and glaze production
Fillers for plastics,

Abrasives and hardcore aggregates,

Coating of welding electrodes

Feldspar

Floor and roofing tile, fired brick, decorative ceramics, high tech ceramics, porcelain,
Ecological Paints

Medicine

Geo-polymer cements

Pharmaceutical products

Thermal energy storage materials

Absorbents

Catalysts

Clay

Cement

Pouzzolana Soil amendment

Soil drainage

Limestone Cement, lime, paint, chalk

Marble Decoration, Lime

Cement, Glasses for various common and high-tech applications, Aggregates, Soil

Sand amendment, Abrasives, paints, Silicon for photovoltaic solar cell, for semi-conductor in solid
state devices in the computer, mobiles and other microelectronics industries.

Gneiss, granite, | Dimensioned Stones of ballast for railway roads, Foundation, Road works, Waterproofing
basalt, marble, etc. Concrete production, High tech basalt fibre production for various technical applications.
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VI. Conclusion
Cameroon has a huge potential of mineral resources, including iron, rutile, gold, nickel and cobalt,

bauxite, diamond, limestone, marble, sand, clay and aggregates. However, these resources are still
poorly exploited, with a contribution of less than 1% in the Gross Domestic Product, despite some
government efforts and some ongoing research activities. These mineral resources are of great potential
for industrial development of the country with possibility to serve as raw materials for the
manufacturing of various products including semiconductors, photovoltaic solar cells, paints, glasses
for electronic and building application, steels, ceramics refractories, etc., most of them being still
exclusively imported. The effectiveness of such valorization will have a positive impact on the trade
balance, job creation and the overall country development. Government should hence put more effort
in improving research facilities in the Universities and research institutions as well as research funding
for innovative projects related to materials engineering for research and start-up. In light of information
on country statistics related to imports/exports, regular meetings between companies,
universities/research institutions and government should be established to implement better strategies
for imports’ reduction, job creation in the field of materials engineering and country’s development.
Applying such strategy will beneficiate to Cameroon and countries with similar context.
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