Journal of Engineering Research and Reports

Volume 26, Issue 2, Page 131-144, 2024, Article no.JERR.111756
T ISSN: 2582-2926

Structural and Morphological Analysis
of Untapped Clay Deposits in Itu Local
Government Area Akwa Ibom State,
Nigeria and its Potentials as Raw
Material for Petroleum Refining

Emmanuel E. Edemumoh & Emaime J. Uwanta &,
Joachim J. Awaka-Ama 2, Godwin J. Udo &,

Nsikan J. Etukudo °, Aniedi E. Nyong &, Raphael Igwe ¢**
Christiana P. Okon 2 and Elvis O. Abasi @

aDepartment of Chemistry, Akwa Ibom State University, Mkpat Enin, Akwa,
Ibom State, Nigeria.

b Department of Geology, Akwa Ibom State University, Mkpat Enin, Akwa,
Ibom State, Nigeria.

¢NEPL, Alonge Etete, Benin City, Edo State, Nigeria.

Authors’ contributions

This work was carried out in collaboration among all authors. This work was carried out in
collaboration among all authors. Author GJU did the conceptualization of the manuscript. Authors
JJA-A and AEN performed the methodology. Authors NJE, EOA, GJU and CPO did the interpretation
of results. Authors EJU and RI did validation of the data. Author JJA-A and GJU did data curation of
the manuscript. Authors AEN and EEE performed sample collection. All authors read and approved
the final manuscript.

Article Information
DOI: 10.9734/IJERR/2024/v26i21077

Open Peer Review History:

This journal follows the Advanced Open Peer Review policy. Identity of the Reviewers, Editor(s) and additional Reviewers,
peer review comments, different versions of the manuscript, comments of the editors, etc are available here:
https://www.sdiarticle5.com/review-history/111756

Received: 17/11/2023

Original Research Article Accepted: 22/01/2024
Published: 01/02/2024

** Project Development Engineer;
*Corresponding author: Email: godwinjudo@aksu.edu.ng;

J. Eng. Res. Rep., vol. 26, no. 2, pp. 131-144, 2024



Edemumoh et al.; J. Eng. Res. Rep., vol. 26, no. 2, pp. 131-144, 2024; Article no.JERR.111756

ABSTRACT

This work describes scanning electron microscope and XRD characterization of untapped clay
deposits in Itu Local Government Area Akwa Ibom State and its potentials as raw material for
petroleum refining. The structure and morphology of the raw kaolin clay and metakaolin were
analyzed using XRD and SEM. The XRD data indicates 48.0 % quartz, 30.0% kaolinite, 3.0 %
chlorite, 16.0 % illite and 2.0% albite in the raw kaolin and 68.3 % quartz, 17.3 % orthoclase, 5.9 %
muscovite, 1.8 % illite , 6.68 %, albite in the metakaolin from Ikot Uso Akpan and 16.2 % kaolinite,
67.0% quartz, 2.5 % muscovite, 5.5 % orthoclase, 1.4 % chlorite, and 7.0 % albite were revealed in
Ekim Itam raw kaolin. 66.0 % quartz, 10.0 % muscovite, 15.0 % orthoclase, 5.0 % illite, 5.0 % albite
were recorded in the metakaolin. The XRD results confirmed the presence of quartz and alumina
mineral phases from both kaolin deposits. Calcination at 1000°C increased the crystalline structure
of the metakaolin and did not significantly modify surface morphology of the kaolin indicating
stability of kaolin structure, one the desired property of a good zeolite. The SEM results indicated
heterogeneous size and spongy like porous shape. There was no significant change in the surface
morphology of the heterogeneous size calcined kaolin compared with untreated kaolin. The SEM
results of the metakaolin kaolin also indicated cubic crystalline structure with well-defined edges.
With adequate modification the studied kaolin could be a promising raw material for synthesis of

zeolite suitable for bio and fossil fuel processing.

Keywords: Characterization; kaolin; metakaolin; calcination; kaolinite.

1. INTRODUCTION

“Kaolin is a white, soft, plastic clay composed
mainly of kaolinite, Alsa(OH)g[SisO10], and other
related clay minerals such as nacrite and dickite
[1]. Kaolin deposits are classified as primary or
secondary according to their genesis; primary
deposits originating in situ by alteration, whereas
secondary deposits are of sedimentary origin [2].
Primary deposits are formed directly from
hydrothermal alteration of volcanic and granitic
rocks with examples as hydrothermal and
volcanic clay types. Secondary clay deposits are
products of weathering of pre-existing rocks, and
subsequent alteration of the alumino-silicates
into clays such as residual and sedimentary
clays. Ideal conditions necessary to produce
kaolinitic clays by means of chemical weathering
are high rainfall, warm temperatures, lush
vegetation, low relief and high groundwater table
[3]. Thus, kaolin is eroded and transported by
streams to a quiet, fresh or brackish water
environment.  Post  depositional  leaching,
oxidation, and diagenesis can significantly modify
the original clay mineralogy with improvement of
kaolin quality [4]. Kaolin is an important raw
material with widespread industrial applications
such as water treatment, as porcelain, cement
and ceramics production [5].

Clays have extensive applications due to their
swelling, adsorption and ion exchange properties
and high surface area [6]. Starting from the
beginning of petroleum refining and

petrochemical industries, clays have been used
as catalysts [7]. The first hydrocracking process
developed over 80 years ago was based on acid-
modified clays, but later and still now, zeolites
and aluminosilicates were used. However, in few
cases such as in treating some heavy fractions,
clays are still used. Clays with different acidities
can be obtained by thermal treatment before
preparing the catalyst. The temperature of the
thermal treatment of the clay determines the type
and concentration of the hydroxyl groups and
thereby its acidity. The most important clay used
in the manufacture of catalysts is kaolin and has
many applications such as a catalyst substrate in
the catalytic cracking of petroleum” [8].
Furthermore, kaolin is used to synthesize zeolite
and alumina [9]. Kaolin or commonly referred as
China clay is one type of mineral containing a
crystal compound with the main content of
kaolinite (Al203.2Si02.2H20). Kaolin can be
distinguished from other clay minerals due to its
softness, white degree (whiteness) and easily
dispersed in water or other solutions. Because of
these physical properties, kaolin is widely used in
the paper industry as filler or coating material.
According to the theory, pure kaolin contains
46% silicate, 40% alumina and 14 % water.
Moreover, it is hardly found in kaolin that meets
the composition, since there are other impurities
such as titan (TiOz), iron (Fez20s3), lime (CaO) or
potassium (K20).

The demand for high value petroleum products
such as middle distillate, gasoline and lube oil is
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increasing. Therefore, maximizing of liquid
products vyield from various processes and
valorization residues is of immediate attention to
refiners. At the same time, environmental
concerns have increased, resulting in more
rigorous specifications for petroleum products,
including fuel oils. These trends have
emphasized the importance of processes that
convert the heavier oil fractions into lighter and
more valuable clean products [10]. A number of
technologies have been developed over the
years for residual oil upgrading, which include
processes that are based on the catalyst, carbon
rejection and hydrogen addition routes [10].
Besides, petroleum products are the basic
materials used for the manufacture of synthetic
fibers for clothing and in plastics, paints,
fertilizers, insecticides, soaps, and synthetic
rubber. The uses of petroleum as a source of raw
material in manufacturing are central to the
functioning of modern industry [7]. Catalyst is the
most powerful tool in the petroleum refining
industry [7]. Global capacity data of catalytic
processing units in petroleum refineries collected
indicate that hydrotreating boasts the highest
global capacity and fastest growth compared to
other major catalytic processes such as fluid
catalytic cracking (FCC), hydrocracking (HC),
reforming, alkylation and isomerization [10] , [11].
Catalyst depends on the rate of deactivation by
coke and metal deposits and sintering of the
active phases [12]. Information regarding the
activity, selectivity and deactivation of the
individual catalyst is therefore highly desirable for
optimizing the catalyst systems. Kaolin catalysts
are commercially used catalysts [12]. Kaolin has
extensive applications due to their swelling,
adsorption and ion exchange properties and high
surface areas [6]. Kaolin with different acidities
can be obtained by thermal treatment before
preparing the catalyst. The temperature of the
thermal treatment of the kaolin determines the
type and concentration of the hydroxyl groups
and thereby its acidity [13]. Kaolin has many
applications such as catalyst substrates in the
catalytic cracking of petroleum [8]. Further, kaolin
is used to synthesize zeolite [14].

Zeolite is widely used as a catalyst in the
petroleum and petrochemical industries because
of its high concentration of active acid sites, its
high thermal stability and high size selectivity.
For example, ZSM-5 is widely used as a catalyst
for isomerization, alkylation and aromatization
processes [14]. However, zeolite Y is the most
important component in FCC catalysts [15].
Today, synthetic zeolites are used commercially

more often than natural due to the purity of
crystalline products and the uniformity of particle
size. Zeolites are usually synthesized from low
cost silica-alumina sources in alkaline phase
under hydrothermal conditions such as clays
[14]. The synthetic of zeolite from clay material is
analogous to natural formation of zeolite from
volcanic deposits or other high Si-Al material
[16]. This is because both volcanic ash and
natural clay are fine-grained and contain a large
amount of aluminosilicate glass. The formation of
natural zeolite may take thousands of years;
however, laboratory preparation can shorten this
period to hours [14]. Kaolin is the most versatile
industry mineral and is extensively used for
synthetic zeolite [17].The benefits of using kaolin
as an aluminosilicate source in zeolite synthesis
widely known [14]. The analysis of the natural
kaolin clay shows that the clay contains very low
concentration of leachable metals (Pb, As, Zn)
which negatively affects catalyst performance,
thereby making the kaolin clay an excellent raw
material for the production of zeolite for catalysis.
Many variable parameters are strongly
influenced by the formation of zeolite from kaolin.
The important parameters are starting material
composition, amount of added water, aging
temperature, aging time crystallization
temperature and crystallization time [15].

Kaolin is the most important clay used in the
manufacture of catalysts. Because many
catalysts are used at high temperatures and
pressures, the refractory character of kaolin is
appropriate for many applications. For most
industrial applications kaolin must be refined and
processed from the crude state to enhance its
whiteness, purity and other important commercial
characteristics [18]. The largest use of kaolin is in
catalyst substrates in the catalytic cracking of
petroleum [8]. The purity of the kaolin is critical in
this petroleum cracking operation so processed
kaolin with low iron, titanium and alkali and
alkaline earth compounds is preferred. It is
estimated that over 200,000 tons of kaolin are
used annually to produce petroleum cracking
catalysts [8]. Kaolin is the most important raw
material in a matrix with zeolite as a catalyst in
FCC process [18]. Modified kaolin clays enhance
catalytic cracking catalysts by reducing coke
yield, improving attrition resistance, high
tolerance to contaminated metal and high
thermal stability. Kaolin are quite good catalysts
for Diels-Alder's reactions. They are also
excellent supports for Lewis acids or for
transition metals, to be applied in various organic
reactions (Friedel-Crafts, acylation and alkylation
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of aromatics, etc.). Depending on the metal, the
Bronsted versus Lewis acidity can be tuned,
allowing obtaining a family of catalysts. In
addition, kaolin has been identified as a potential
raw material for the production of alumina, one of
the most widely used catalyst support materials
for hydro-treating [19]. Kaolin and halloysite are
used to make cracking catalysts, as a
polymerization catalyst, peptide bond formation,
and others [8]. Halloysite and metakaolin are
used in the manufacture of molecular sieves
used as petroleum cracking catalysts. Kaolin for
this application must be low in iron and alkaline
earth elements [20]. The dry surface acidic
surface of kaolin is used to promote the
polymerization of styrene, heterolytic breakdown
of organic peroxides, dehydration of alcohols,
hydrolysis of esters, and isomerization of alkenes
[8],[21]. It plays an important role in the treatment
and finishing of petroleum fractions through
desulfurization, deasphalting, bleaching of
petroleum fractions [22]. Naphtha treated with
clay prevents gum formation in gasoline by
removing diolefins [23]. Clay minerals play a
significant role in petroleum refining processes,
new catalysts are developed from kaolin clay to
meet the increasing demand of petroleum
products with human and environmental health in
view. Despite being blessed with abundant
deposits of untapped kaolin, an important raw
material used for synthesis of zeolite. Nigeria still
imports zeolite and other industrial materials
produced from kaolin which is locally available
and untapped. Locally available raw materials
and indigenous innovation and ingenuity in
harnessing our natural resources should be
appreciated, regulated, and the products
assessed if they meet local and international
specifications to mitigate environmental pollution
[24], [25]. The quest for a sustainable clean
environment has led to intensive research into
alternative raw materials which will suit different
industrial needs [26]. It is on this note that this
research was designed to characterize some
untapped clay deposits in Itu Local Government
Area Akwa Ibom State, Nigeria using SEM and
XRD. And assess its potentials as raw material
for petroleum refining, water treatment based on
the SEM and XRD results.

2. MATERIALS AND METHODS

The kaolin samples used in this study were
collected from clay deposits in Ikot Uso Akpan
Itam and Ekim Itam, Itu L.G.A, Akwa lbom State,
using a clean garden fork. The sample was
pulverized to enable its usability stored in a clean

dry plastic container. The study area is bounded
in the North and North-East by Odukpani in
Cross River State and Arochukwu in Abia State,
in the West by Ibiono Ibom and lkono L.G.A, in
the South and South-east by Uyo and Uruan
Local Government Areas respectively. Itu has a
latitude of 5.203624(5012 '13.050N) and a
longitude of 7.968822(7058’7.760E) [27], [25].
2.1 Hydrothermal Treatment of Kaolin
Clay

In the hydrothermal process, 50 g of dried clay
sample was added into a 200 ml conical flask
containing 100 ml of deionized water. The
mixture was heated at 150°C for one (1) hour
with constant stirring using a hot plate with a
magnetic stirrer, the resulting mixture was filtered
and oven dried at 120 °C stored in lid tight
containers for further use. Hydrothermal methods
can transform kaolin into an ultrafine powder
under controlled thermal conditions. The benefits

of hydrothermal treatment of kaolin include
increased reactants reactivity, low energy
consumption, reduced air pollution, easy to

control the solution, formation of metastable
phases, and unique condensed phases [28],
[25].

2.2 Acid Leaching of Mesoporous-Kaolin

The dried (mesoporous-kaolin) (50 g) prepared in
the hydrothermal step was added to a 200 ml
conical flask containing 100 ml of 11%
hydrochloric acid (HCI). The resulting mixture
was heated electrically at 150 °C with constant
stirring using a magnetic stirrer for one (1) hour
and filtered. The solid residue was washed with
deionized water until no chloride was detected
using AgNO3 [25]

Acidified

2.3 Calcination of the

Mesoporous —kaolin

The acidified mesoporous -kaolin was oven dried
at 120 °C for one (1) hour and calcined to 650 °C
for two (2) hours in a muffle furnace and later
cooled. The calcined kaolin was stored in a lid
tight container and properly labeled. The heating
process eliminates water from the mineral
kaolinite (Al203-2Si02:2H20), the main
constituent of kaolin clay, and collapses the
material structure, resulting in an amorphous
aluminosilicate (Al203-2Si0z2), metakaolinite. The
process is known as dehydroxylation

Al203-2Si02:2H20 — Al203-2Si02 + 2H20 1.
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3. RESULTS AND DISCUSSION from Ikot Uso Akpan Itam and Ekim Itam, Itu
Local Government Area Akwa Ibom State Nigeria

The results of the crystalline phases, percentage  are presented Fig.1 to Fig. 8.

crystallinity, crystal structure of kaolin deposit
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Fig. 1. XRD Pattern of Ikot Uso Akpan Itam Untreated Kaolin
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Fig. 2. Percentage quartz, kaolinite, chlorite, illite and Albite for natural (untreated) kaolin
sample from lkot Uso Akpan Itam
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Fig. 3. XRD Pattern of kot Uso Akpan Itam Calcined Kaolin
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Fig. 4. Percentage quartz, Orthoclase, Muscovite, illite and Albite in calcined kaolin from Ikot Uso Akpan Itam Calcined Kaolin
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Fig. 5. XRD Pattern of Ekim Itam Untreated Kaolin
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Fig. 6. Percentage quartz, Orthoclase, Muscovite, illite and Albite in untreated kaolin from Ikot Ekim Itam Calcined Kaolin
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3.1 Discussion

According to XRD data, the calcined kaolin from
Ikot Uso Akpan Itam contained 68.3 % quartz,
17.3 % orthoclase, 5.9 % muscovite, 1.8 % lllite,
6.68 %, albite and the natural (untreated) kaolin
contained 48.0% quartz, 30.0% kaolinite, 3.0 %
chlorite, 16.0 % illite and 2.0% albite while the
calcined Kaolin from Ekim Itam contained 66.0 %
quartz, 10.0 % muscovite, 15.0 % orthoclase, 5.0
% illite, 5.0 % albite and the natural (untreated)
Kaolin contained 16.2 % kaolinite, 67.0% quartz,
2.5 % muscovite, 5.5 % orthoclase, 1.4 %
chlorite, and 7.0 % albite, Figs. 1 - 8. The X-ray
diffraction patterns of the untreated and calcined
kaolin from the two kaolin deposits as presented
in Figs. 1-8 indicate sharp peaks implying that
both samples are crystalline at natural and
calcined stage. Similar train for untreated and
treated kaolin samples from Kono-Boue and
Chokocho, Rivers State, Nigeria had been
reported [29]. The quartz was identified by its
characteristics X-ray diffraction peaks at 20.96°
and 54.97° 2- theta. There was increase in
composition of quartz in Ikot Uso Akpan kaolin
from 48.0% to 68.3% after calcination at 650°C
for 2 hours indicating higher crystallinity.
Increase in calcination temperature increases
activity and surface area of the metakoalin
linearly to a maximum temperature of 700°C.
Agglomeration of calcined kaolinite
(metakoalinite) and formation of spinel phase
occurs above 700°C. The activation of kaolin

should produce structural changes of its minerals
composition hence promoting its activities
[30].This investigation agrees with the work of
[25]. Calcination above 700°C may result in
disorderliness within the metakaolinite structure
[31]. Activated kaolin and zeolite can increase
the productivity of bio-oil. In a related study
kaolin proved a better ability to enhance the
pyrolysis process with improved yield bio-oil [32].

The results of SEM micrographs of the untreated
and the metakaolin clay samples from lkot Uso
Akpan are presented in Fig. 9 and Fig. 10
respectively.

SEM micrographs of the untreated clay and the
metakaolin clay samples are presented in Figs. 9
and 10 respectively. Micrograph resolutions were
taken at 30 pm. Both the untreated and the
calcined surface morphologies were
heterogeneous size and spongy-like porous
shape. There was no significant change in the
surface morphology heterogeneous size of the
calcined kaolin from the untreated kaolin. This
reveals that thermal treatment at 650 °C for 2
hours did not significantly modify surface
morphology of the kaolin. In accordance with the
results of other analytical methods quartz was
identified by SEM in the sample. Cubic crystalline
structures with well-defined edges are observed
on the micrographs of the calcined kaolin Fig. 10.
This is in line with the work of other researchers
[25].

Plot of results
B120230307_100804_G01_S01_M01
I Cuartz : 651815
I Muscovice : 10{13)%
I Ahite : S(7)%
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Table of results
Diataset / Weight Fraction, wt%  Value, Unit CQuarz Muscoite Albite Orthoclase Ilite:
B1 20230307 100804 GO S04.. 0 66(18) 10{13) 50 15(15) 5(12)

Fig. 8. Percentage quartz, Orthoclase, Muscovite, illite and Albite in calcined kaolin from Ikot
Ekim Itam Calcined kaolin
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Fig. 10. SEM Micrograph of Calcined Ikot Uso Akpan Itam kaolin at 500 x magnification

4. CONCLUSION

Kaolin samples from lkot Uso Akpan Itam and
Ekim Itam, Itu local Government Area, Akwa
Ibom  State, Nigeria were  successfully
characterized using X-Ray Diffraction
spectrophotometer  technique to  identify
crystalline phase in the samples. This
investigation has established the development of
metakaolin through hydrothermal process and
acid leaching. The characterization using XRD
confirmed the presence of quartz and alumina

mineral phases in from both kaolin deposits. It
was also demonstrated that calcination of kaolin
at 800 °C can increase its crystalline structure.
Further work is required to synthesize zeolite
catalyst from the kaolin for purification of
biodiesel and cracking of hydrocarbons. Results
of SEM indicated that the Ikot Uso Akpan Itam
and Ekim Itam kaolin can be a promising raw
material for zeolite production at appropriate
processing conditions that can substitute
imported zeolite. This will reduce cost, increase
employment and revenue.
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