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ABSTRACT

Nigeria is blessed with a considerably large deposit of solid minerals, of which barite is one of it.
The industrial need for barite has increasedover the period as oil and gas exploration and
exploitation grew because barite is used as a weighting agent in drilling fluids. Though, this is
not the only application of barite. This resulted in the massive importation of barite for use by oil
and gas firms operating in Nigeria. However, we sit on a deposit of barite, and we also import it,
losing high foreign exchange earnings owing to some studies that revealed that Nigeria has low
grade barite which is not meeting up with the API’s specification. In fact, some deposits of barite
have not been explored for first time. This review paper has revealed a good number of studies
done by researchers in the recent past, showing the rheological properties of local barite
measuring up the imported ones and the API’s specific gravity is 4.2 and some works reviewed
showed high grade barite have specific gravity (S.G) of 4.2 and little above. The previous studies
showed that drilling mud treated with local barites have the required rheological properties for
safe drilling operation. The fluid loss property of local barite is a little lower that the API standard
and the imported barites but improved when 10 g Torkula barite was used to enhance the filter
cake quality and reduce the fluid loss (Afolayan, et al., 2021). This review will serve as a boost
to Government’s and agencies’ efforts to go full ball into extraction and processing barite in
Nigeria to bridge the gap in the supply chain of local barite in Nigerian oil and gas industry in
order to increase foreign exchange earnings.

Keywords: Barite, Drilling fluid, Specific Gravity, Weighting Agent and API
Specification.

1.0 INTRODUCTION

Barite has been known and used over the decades as a weighting agent in drilling fluid. It enables the drilling
fluids to balance the formation pressure during drilling operation. It is also useful due to its high specific
gravity, chemical and physical inertness, relative softness and low solubility (Bosbach et al., 1998; Das et al.,
2020; Ulusoy, 2019). Both the International Oil Companies, IOCs and local operators have spent multimillion
US Dollars in the importation of barite for use in Nigeria. More than 80% of barite produced globally are used
as a weighting agent in drilling fluids (David et al., 2021). It was estimated that 740 million metric tons of
barite has been identified out of which about 2 billion tons of world barite resources and could be traced to
countries such as China, Morocco, Kazakhstan, Thailand, USA and Turkey and 9.5 million metric tons could
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be gotten from other countries as of 2018. These countries who are majors in the exportation of barite, have
made great wealth from it.

The foreign exchange obtained from the sales of barite is whopping. For instance, a total sum of about 2.88
billion US Dollars is generated from Brown barite, barite 4.3, residual deposit type barite and oil and gas
industry barite (David, et al., 2021). However, it is sad that with the large deposit of barite in Nigeria, we have
not been able to extract and process barite for use in drilling fluid. Rather, the oil and gas companies based in
Nigeria are still importing and paying millions of US Dollars to other nations who have succeeded in
harnessing their barite deposits, unsubstantially claiming that Nigeria’s barites do not meet the API’s
standard. Contrary to the above claims and based on records, Nigeria ranks fourth largest barite deposit in
Africa. Barite deposits could be found in Nigeria in Northeastern, Northwestern and Southeastern sections of
the Nigeria’s Precambrian Basement rock (Label, et al., 2018).

Some of the barite deposits are of high grades as shown in Table 1. The consumption level of imported barite
is very high when compared with other developed nations as shown in the Figure 1, implying that with little
we produce and process would not be not able to balance barite demand in Nigerian oil and gas industry. We
are therefore left with no other alternative than to keep importing it.

In an attempt to solve the problem of lingering shortage in barite supply chain in Nigeria, Nigerian Content
Development and Monitoring Board (NCDMB) came up with a guideline and the NOGICD Act of 2010 to
help facilitate implementation of ban on the importation of barite in 2010 to make extraction and processing
of local barite to go into full swing but up till date, no tangible progress has been made in that regard. A
number of factors contributed to failures of the government or her agencies to implement the ban on the
importation of barite. First, there is lack of industry-institution-government synergy (MMSD, 2010; NGSA,
2010).). When there is no cooperation among the government, industry and institution, the research and
development drive will be Killed.

Also, there has not been adequate evaluation of Nigeria’s barite data from numerous works done by various
researchers, ranging from geographical distribution of barite deposits to their characterization as to employ
same in policy making by Government and Government agencies on how to fully harness barite in Nigeria,
hence, the pertinency of this study.

Local barite supply chain in Nigeria can guarantee a sustainable supply of the commodity because we have
not been able to extract and process local barite ore to meet the international. This has made the ban on
importation of barite to be a futile exercise. So, the way to succeed in closing demand-supply gap is for the
relevant agencies and government to collaborate with institutions and industry players so as to embrace the
use scientific data and information to regulation the value chain of the local barite.

In this review paper, the characterization of Nigeria’s barites by different researchers will be explored. The
properties of the local barite were determined and compared with the imported ones and IPA standard by
these researchers. The work was intended to foster the value chain of local barites and further encourage
government agencies to fully implement NOGICD Act of 2010, thereby creating wealth for our nation
through local consumption and exportation.

Table 1: Nigeria barite deposits and associated grade (Michael Oden, 2012).
Low quality Medium quality  High quality

S.G:3.6- S.G:40-42 S.G:>4.2
4.0

Azara Ambua Alifokpa
Wuse Yandev Gabu

Kuduku Lessel Osina




Pupule Kornya Konshisha

Apawa Kumar Didango
Tombu lhugh Kumar
Bunde lessel Orgba Ibi
Aloshi Ribi

World barite production & consumption 2015
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7.5m tonnes
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Figure 1: Global barite production and consumption, 2015.

2.0 Local Barite Quality and Processing

From some investigations done, there are different types of barites, classified based on their qualities traceable
from the depth of extraction. They are low quality, medium and high-quality barites (Essalhi et al. 2018; Oden
2012). The deeper the depth of extraction, the better the quality of the barite. Barite obtained at the depth of
between 0 and 5m can be categorized as low-quality barite because of more impurities and low pressured
hydrothermal fluids found at this depth. The medium and high-quality barites can be obtained from the depth
of 15m and above (Inyang et al. 2013; MMSD 2016; Oden 2012). However, whether or not a barite deposit is
of low quality as it is with some in Nigeria, studies have shown that they could be upgraded through different
upgrading methods. The upgrading process will help to convert the barite ore to barite with minimum
allowable impurities, specific gravity and constituents with properties needed in the drilling fluids and other
alternative industrial applications (Chaanda et al., 2010; Labe et al., 2018; Oden 2012). The beneficiation of
Barite (BaSO4) through tested and proven method becomes very necessary to improve the quality and thereby
increasing its use in the oil and gas industry (Mgbemere et al., 20183, b). In order to determine the qualities of
some selected barite deposit in Nigeria, there is a need to characterize them and devise technologies for the
upgrade. According to some onsite beneficiation could be cost effect (API 2004, 2010; Tanko et al. 2015)
while others argued it might be difficult to obtain barite of quality that meet American Petroleum Institute
(API) standard (David et al., 2021). Comparing the properties of the local barites from specific locations in
Nigeria and the foreign/imported one will help to know exactly in which aspects to improve the quality to
meet the international standard required for drilling operation. The increasing demand for high quality barite
needed for drilling activities have not been met over the years in Nigeria because of the differences in the
level and gangue minerals in the ore. Also, the different methods of local processing have reported by a
number of works ((Achusim-Udenko et al. 2011; Chen et al. 20193, b; Deng et al. 2019; Grigorova et al.
2015; Liu et al. 2019; Mgbemere et al. 2018a, b; Nzeh and Hassan 2017; Raju et al. 2016; Wang et al. 2014;
Zhao et al. 2014). These methods include floatation, gravity separation and chemical leaching but there has
not been any concise proof of a particular technique for the investigation of the performance of the local
processing method to unveil the local barite’s quality and compare it with generally accepted imported species
(David, et al., 2018). Floatation is one of the newest technologies in the separation of fluoride (CaF) from its
tightly attached gangue like barite (BaSQ,), calcite (CaCQs), and quartz (SiO,) (Chen, et al., 2018; Asadi, et
al.,2018). Floatation is one of the advanced beneficiations through which all the impurities could be removed
from the local, making it fit for industrial use (Zhijie, et al., 2019).

A lot of works has been done in an attempt to characterize the Nigerian Barite deposits. A number of these



investigations would be reviewed in this investigatory study. Extensive work was done on the characterization
of Benue barite deposits (Afolayan, et al., 2021). It was gathered that the Benue barite deposit was made up of
Lessel barite and Guma barite fields. Lessel field consists of mainly veins and are located in the southern part
of Gboko, Lessel Bunde, Lessel Mbato and Lessel Mbagwa (David, et al., 2021). Guma field has vein
deposits in lye, Kaseyo, Zanzan, Makurdi, and Torkula—Hungwa axis, with Torkula—Hungwa axis having the
largest deposit of barite vein (David, et al., 2021). Three veins identified in the area were said to have high
quality barite of specific gravity of 4.2 amounting to tens of thousand tons barite (Afolayan 2017; Oden
2012). In the characterization studies, the Bruker D8 Advance ECO A25 difractometer with DAVINCI design
was employed. The analysis of the samples of the barite ores was done and observable peaks obtained in the
analyses were matched and analyzed with ICDD database. The properties of the barite studied include PH,
sulphate composition, Cation exchange capacity and methylene blue absorption of Torkula barite, metal
content, moisture content, specific gravity (S.G), effects of local barite on mud filtration properties, effects on
rheological properties of drilling mud.

The viscosity of the drilling fluid having local barite as a function of shear rate is expected to be stable even at
high share rate to be able to meet the globally accepted barite standard for drilling fluid conditioning. From
fig. 2., it was observed that the the fluids treated with local barite at different concentration of mass exhibited
the same viscosity at some shear rate but responded differently when external force was applied. Fluids 1 and
3 had their viscosities decreased sharply because they could not withstand any further shear force. However,
fluid 2 was stable, even at a shear pressure beyond 180 MPa. This shows that increasing mass of the
weighting agent from 5g to 70g will improve the viscosity of the fluid treated with it. From the above,
information, there is a confirmation of gradual transition from pseudplastic fluid to plastic fluid as the
guantity of the weighting agents increases (Afolayan, et al., 2021).

Figs. 4 A and B show the specific gravities of the local barite and the API value. The difference is not much
and this could be improved upon through some beneficiation process to be able to measure up with the
imported ones. The work done by Ibe et al., (2016) clearly shows that the high-grade barites in Nigeria, when
processed, would have the specific gravity of 4.1 and above which can be worked upon to get 4.2 specific
density which is APl approved.

Table 1 equally shows that local barite could be used to improve and enhance the fluid properties needed for
both ordinary and specialized drilling operations. The responses of the fluids at different mixing speeds were
captured. The results showed a decrease in dial reading of 600 revolution per minutes (RPM) and that of 300
RPM when the quantity of barite was increased from 10g to 70g. The reading was bit higher than the
minimum for API and that could be traced to the fact the fluid used for the work was a non-Newtonian fluid
(Afolayan, et al., 2021).

It was obtained also that the fluid loss from the mud prepared with local barite (Torkula barite) was lower
than the API standard and the mud treated with the imported barite, though it was within the accepted
standard (Afolayan, et al., 2021).
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Fig. 2 Thixotropic properties of fluids formulated using local barite (a shear stress as a function of shear rate,
b viscosity as a function of shear rate) (Afolayan, et al., 2021)
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Fig. 3 Rheological properties of local barite and imported ones (Afolayan, et al., 2021)



>

Specific gravity

4.5

4

is

3

25

2

[ Series1

B 45

4

w
w

Specific gravity
(5]

=]
w

A

4.14

4.145

NDPR  AFI4.2 A

Value

5G

Ibe et al.,

2016
4.1

56

= dem
c o Unproc
ares
4.02 4.02 4.02
1 B 3
APlI 4.1 c D

Fig. 4 Specific gravities of the local barite and imported ones (Afolayan, et al., 202

Table 2: Summary of rheological properties of water-based drilling fluid based on Torkula barite (Afolayan,
etal., 2021)

Rheologi  Drilling mud  Drilling Drilling
cal (70g barite) mud mud
Properti (10g (59 barite)
€s barite)

600rpm 59.0 63.5 220
300rpm 415 335 15.0
200rpm  33.0 26.0 12.0
100rpm 23.0 175 9.0
60rpm 18.0 13.0 7.0
30rpm 13.0 9.0 5.0
6rpm 5.50 4.0 3.0
Gel 3.0 2.5 15
strenght

@ 10s

Gel 35 3.0 2.0
strength

@ 10min

Mud 9.95 8.65 8.5
weight(p

pg)

pH 10.65 11.76 11.97
Plastic 17.50 30.00 7.00




viscosity

Yield 24.00 3.5 8.0
point

Apparent  29.50 31.75 11.00
viscosity

2.1 Grading of Local Barites and Distribution in Nigeria

The results from previous researchers showed that Nigeria’s barites vary in quality from low grade to high
grade based on their density value. From 2, it was evidently state that barites from Aloshi, Azara, Wuse,
Pupule, Mubi, Apawa, Lessel, etc are low quality barite, specific gravity of 3.0 — 4.0. The barites gotten from
Ribi, Ambua, Obubra, Kumar, Mayo-Belwa and many others are graded as medium quality with specific
gravity of 4.0 — 4.2. Some high-quality barites are Ibi, Afuze, Markurd, Igara, Gabu, Osina, etc.

The medium and high quality barites as shown in table 2 could be used as weighting agent in drilling mud
after advanced beneficiation because from the API standard, the density requirement for any barite to be used
as weighting agent is 4.2 (Tanko et al., 2015). Onsite beneficiation has not proven effective in upgrading of
the medium quality barites (Afolayan, et al., 2021).

The quality Barites obtained from the Cross Rivers state, Adamawa, Benue, Taraba, Nasarawa has shown that
Nigerian barite deposits have high percentage of high-quality barite which can measure up with imported
barite after using effective processing method. From the data gathered from the study carried out by
Onwualu, et al., (2013a), the specific range of Nigeria’s barite is 3.2 — 4.54, which is a good one. Some
research works also established that low-high quality barite mineralization cut across whole North East and
South-East region (Nigeria Geological Survey Agency, 2011) making it a fortune for the Nigeria state if
properly harnessed and processed. The geological surveys carried by some agencies in the recent past have
clearly spelt out the places with minor and major mining activities (Heliyon, 2021).

For now, the local barite deposit has not been characterized because mining activities have not kicked started
in the area and the areas covered are Ohozara local government areas, Afikpo North and Afikpo South
(Onwualu et al., 2013a, b). The distribution of barite deposits in Nigeria is well represented in fig. 5, showing
different grades and reserve estimation.

Table 3: Quality variation of barite deposits in Nigeria (Afolayan 2017; Inyang et al. 2013; Oden 2012;
MMSD 2010).

Low quality Medium High quality
(SG: 3.0-4.0) quality (SG:>4.2)
(SG: 4.0-4.2)
Aloshi, Azara, Ribi, Afuze, Ibi, Afuze,
Wuse, Ambua Alifokpa
Pupule, Mubi, Ntak, Yandev, Makurdi,
Apawa Pila-Tandev Bundin-Kwaj-
ali
Tombu, Lessel, Igara, Yala,
Bunde Lessel  Obubra, Afugo, Guma
Kornya
Port Harcourt, Kumar, Gabu, Osina,
Lessel Ilhugh, Azara  Konshisha
Kuduku, Guma, Orgba, Didango,
Obubra, Mayo-Belwa  Kumar,
Keana Torkula




Table 3 Elemental Composition of the Torkula barite and API 2010 (Afolayan et al., 2021)

Composition Percentage(%6)
API Torkula
Specificati  barite
on
BaSO;, 95.00 87.79
Fe,0s 0.03 1.39
Cao 0.01 0.589
MgO 0.04 0.086
Al,O, 0.035 0.75
Silicate 0.01 6.66
Total heavy 0.001 1.6003
metals
Water-soluble 0.1 0.0301
salt
Loss on ignition 0.5 1.10
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the locations, quality, and reserve estimates (Afolayan 2017; Inyang et al. 2013; MMSD 2010).

3.0 CONCLUSIONS

This paper review shows that Nigeria’s barite is of three grades low, medium and high which through
appropriate processing methods could be upgraded to API standard, thereby having the required quality to
compete favourably with the imported barites.

Also, through processing methods (advanced beneficiation like floatation method), the elemental composition
of the local barite can be worked upon to tally with API’s approved percentage elemental compositions.

The Nigeria’s high-grade barites have API’s specifications on rheological properties as explored in this work
and specific gravity requirement which is 4.2 and little above the stated benchmark.

A good number of Nigeria’s barite deposits have not been fully explored, many under artisan mining activities
while others never had any form of mining activities like the Afikpo barite deposit in Ebonyi State. It



therefore becomes necessary to go into full exploration, extraction and refining of barites in Nigeria.
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