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PREFACE

gﬁi;&:ﬁ% eOI; the confer'ence which is ‘Development & Optimization of Nigeria’s Solid
cho el for National Economic Growth- The Role of Chemical Engineering’ was

BSEn, and.lt is in consonance with the current policy thrust of the Federal Government of
Nigeria to diversify the economy.

With the dwindling oil revenue and the need to diversify the economy of the nation, one of the
major sectors, that hitherto had been neglected and, which can contribute greatly to the nation’s
GDP is the Solid Mineral Sector. '

Mining as a major economic activity that has a long history in Nigeria. Its importance can only
be compared to agriculture as both sectors were once the only sources of revenue in the Nigerian
economy. The mining of minerals in Nigeria accounts for only 0.3% of its GDP, due to the
influence of its vast oil resources. The domestic mining industry is underdeveloped, leading to
Nigeria having to import minerals that it could produce domestically, such as salt or iron ore..

Recently the government reiterated that the ’mining sector in Nigeria must aspire to contribute
between 5-10 per cent to the GDP. The goverriment also envisaged that bitumen processing will
be developed into commercial quantities within one year. All this are tall order bearing in mind
the state of our solid mineral development and infrastructure. Therefore this conference is to
examine these issues and come out with ways to improve on the processing and optimisation of
solid minerals in Nigeria, the technology and the infrastructure required.

Experts from the Industry, Academia, Research Institutes, Government organizations, Foreign

Embassies & other relevant stakeholders, will be brought together to take a critical look at the
challenges and opportunities that face the solid mineral industry, offering key insights into the
solutions that will help the Nigerian Solid Mineral industry maximize national economic
recovery. The overall objective is to increase the contributions of the solid mineral sector to the
nation’s GDP and to diversify the foreign revenue sources for a more stable and robust economy.
This will also translate to significant wealth and job creation for our teaming unemployed

Nigerians as well as engender a more inclusive economy. The conference will also explore

solutions for commercial processing and utilization of key minerals found in the country. In
particular it will seek to highlight and address potential low hanging fruits such as bitumen,
barytes, bentonite and gypsum which are abundantly available locally and in high demand in the
Petroleum and Cement Industries but which are imported up till now.

The ehgineers, scientists and members of the public showed a lot of interest in submission of
more than 60 relevant papers including 10 lead papers. Due to time and space constraints we are
only accommodating few of the papers. Solid Minerals being a unique sector, the initial decision
of the LOC and the Council was to limit papers to invited organisations/individual assigned
specific topic to present. However, this decision was relaxed later to allow for call for more
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papers. Therefore, we have many lead papers in this conference. W'hlle - ank our ol

to all who sent in papers, we particularly wish to use this opportunity to 5. You are great an

the academia and outside the Universities who helped to review the p:_]peh'.h quality pook of

dependable. Without your commitment, we would not have had this Mg ith us. We are

) . : ear W
proceedings. For those whose papers are not included here you will please b

constrained by time and space.
ittee, we Wish 10

to us to perform

On behalf of the Technical Sub-Committee of the Local Organising Comm
ou all fruitful

thank all the LOC members particularly the Chairman for all the support give-n
our onerous duty. We congratulate all participants of the conference and wish ¥

deliberations at the Technical Sessions.

Engr. Dr. Stephen Momoh, FNSE, MNSChE.
Chairman, Technical Sub-Committee.
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r acidic treatment were investigated for use as
or, Enugu state, south eastern Nigeria. The samples were ground and

sieved (2mm). To imprové the activity of the clay, a known weight of the natural clay was mixed with a standard

grade 36 N sulphuric acid (H SO, solution at a molar ratio of 1: 5. The aliquot was placed in open
furnace at 500°C, ramped at 5"C/min for one hour. The resulted clay was

0"C for a period of 6 hours. The natural elay and ils treated samples were

analysed using X-ray fluorescence equipment (XRF), X-ray diffraction (XRDP) powder palterns, Scanning Electron
Energy Dispersive X-ray (EDX). The XRD results

Microscopy (SEM); X-ray photoelectron spectroscopy (XPS),
showed the morphology of the clay was crystalline (42.06 nm) while the treated clay samples were amorphous.
Based on the intensities of their photoelectrons, the XPS results of the reated sample revealed 67% increase of
silicon and same percentage reduction of aluminium. The EDX of the treated clay samples revealed 36.5% Si,
5 4% Al and that of the natural clay sample were 21.5% and 18.0% for Si and Al respectively. Interestingly, no
_significant change in the oxygen of both samples. Surface area was increased from 500 to 000 m’/g for the
treated sample. In addition, the Si/Al ratio was raised to 15.0 for the treated clay sample by the chemical
reaction. The treatment method employed showed grealter influenced on the morphology. sutface area and
percentages of the elemental composition of the treated clay samples compared [0 using aqueous HCIl, NaHSO,
and H-S0, Which opens up higher possibility of controlling the degree* of alumina, silica and aluminium

sulphate by choice, for different industrial applications.

Dissolution; Sulphuric Acid

- Abstract 4
The physiochemical properties of natura
catalyst. The clay samples were collected from Ukp

| clay and its modified form afle

analytical-
guartz crucible, which was heated in a

calcined in a furnace ai a temperature of 60

. Keywords: Clay; Beneficiation; Dealuminated Clay;
INTRODQ’CTION t ; i . .
Clays are solid minerals that can function as both Bronsted and Lewis acids in their natural and lon exchanged
form. lon exchange is the property of clays to adsorb certain anions and cations as well as'their capacity to retain
them in exchangeable state. In other words, the adsorbed ions are exchanged for other anions and cations in an

however, such exchange reaction can also take place in non-aqueous medium. The

held around the outside of the silica-alumina clay structural units, and the exchange
structure of the silica-alumina packet (Carlson, 2004). A well-known
éxample of the ion exchange reaction is the softening of water by the use of zeolites. Clay minerals are the most
important chemical weathering products of aluminium rich rocks. Generally, clay is crystalline, the atoms are
arranged in a regular order. The character of the clay mineral found in a given soil depends on the nature of the
parent material, climate, topography, vegetation and time during which these factors have operated (Grim,
1992). Aluminosilicates is a three dimensional framework structure of silicate mineral in which the silicon
. atoms are. replaced by aluminium atoms in a negatively charged framework with other cations uniformly

distributed through it (Obaje ef al., 2013).

aqueous solution,
exchangeable ions are
reaction generally does not affect the

atments so as to modify the properties for the intended

"doping, desilication, dealumination, etc. Modifying the properties of clay can
nt reactions and higher selectivity in product
e are the basis on which clay is divided into
ful as a catalyst is a sub-

Treatments of clay involve subjecting clay to various tre

 purpose. Such treatments include
" lead to variety of catalysts that are useful in effecting more differe

yield. Their chemical composition and crystal structur

structure and
Ulite, Smectite and Chlorite. Among these, the most use

‘groups, such as Kaolinite,

340
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group of the Smectite clay called Montmorillonite which is the main constituent ofab;r;ti?;ing il gl b
(Arata and Hino 2011). Clay is important in.,?},"',?ﬂ“?ff}'ﬁfi?", ;i,ndUSth both as i, ‘found 47 petro!cu}m o
foundation for structures. An important industrial ‘application of cla>.ls can be Tk i =
petrochemical processing. Others include ceramic, electrical, pharmaceutlc?l, Pamt, paper, ures (>200°C) ars -
textile industries, respectively, etc. Pillared clays which are more stable 4t higher temp;rimin Tt Man)} ;
used in petroleum cracking, catalytic reforming and isomerisation ofn-alkanc,s to brancbe. c - exc-hanger
synthetic aluminosilicate can be made and several are manufactured industrially for use: as an | i
and molecular 'sieves, éxamplcs are feldspars and zeolites (Fernando and Joan, 2007). The auth'ors stu it

dealumination of kaolin using sodium potassium hydroxide during gel formation for the synthesis of zio i Tacc.

A variety of organic reaction that are catalysed by Bronsted acids or Lewis acids have been shown t? fa ep g .
in clays especially montmorillonite, more efficiently under milder conditions, with greater selectivity, bette

yield, and shorter reaction times.

EXPERIMENTAL PROCEDURE

The clay sample was pre-treated by grounding and it was sieved. Dealumination of kaolin was camed' out
according to lyakwari ef al. (2016). A known weight of the natural clay was mixed with a standard analY“ca'l'
grade 36 N sulphuric acid (H,SO,) solution at a molar at a ratio of I: 5. Aliquot of the mixture was placed in

+ open quartz crucible. It was heated in a furnace at 500°C, ramped at 5°C/min for one hour. Once the reaction

time and temperature was reached the crucible was left in the furnace for 6 h. The physio-chemical properties of
the resulted material were analysed. The catalytic surface areas of the catalysts were obtained from N;
adsorption isotherms determined at 77K using the Coulter™ (SA 3100™ series). The samples were outgassed
under high vacuum for 2 h at 200°C prior to the analysis. The pore size was determined using ImageJ software
with SEM images. The crystallite size of the modified sample was calculated using data from X-ray
diffractogram and X’pert data viewer software in the Scherrer's formula.

RESULTS AND DISCUSSION ' : ‘

“The textural properties and elemental analysis of the natural and the dealuminated clay are given in Table 1. For

convenience clay is designated as ‘C’ and its modified form as ‘DC’.

Table 1: Result of Physical Analysis

Parameter Natural clay Dealuminated clay

© (DC) » i
Specific surface area, m*/g 500 900 ?
Particle size, pm .250 250
Particle density, kg/m’ 1120 850
Pore-volume, m3/g 0.25 0.40
porosity 0.34 0.45

The XRPD pattern of the clay was crystalline with three mineral phases idgntified (kaolinite; quartz and mica)
however, the quartz and mica were minor. In the X-ray diffraction pattern of dealuminated clay, there were no
kaolinite crystalline peaks. The disappearance of these major peaks gave way to amorphous material with a very
broad band within the low-range angle 15-35° 26 as in shown in Figure 1Figure, Rosenberg and Anderson
(2012) described the broad band as an amorphous phase of silica (Si0y). - i
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Figure 1: XRPD patterns of clay (blue) and dealu
»). Rosenberg and Anderson (2012)

Figure 1Figure. Broad band as an amorphous phase of silica (SiO

and the silicon increased by 69%

The elemental analysis shows that the aluminium content was reduced by 86%
sulphur in the

(Table 2). However, the level of oxygen remained relatively constant, The presence of 0.9 wt%
dealuminated clay is due to the sulphuric acid that was used during the dealumination of the clay.

Table 2: Textural and Elemental Composition of clay and dealuminated samples

Elemental analysis (EDX) (wt%)

Catalyst Crystallite

size ‘ n

(hm) o VRHRARES O T s
C (clay) 42.06 57.8 215 180 .19 09 3
DC (dealuminated clay) - 57.3 36.5 24 - 2.9 - 0.9

The dealumination was clearly successful, as the Si0,/Al,0; ratio of the clay, which was initially 1:2 increased
to 15,0 (EDX analysis in Table 3). The modified clay has more silica and less alumina than the natural clay.

Table: 3 Elemental Analysis and Textural Properties of Support

Sample Si/Al (wt%) XRD pattern
C (clay) 1.2 Crystalline
DC (dealuminated clay) 15.0 Amorphous

The effect of dealumination on percentage composition of the Si and Al was also shown by XPS analysis. The
Al 2p spectra for clay and its dealuminated form at the same binding energy of 74.5¢V (Figure2), correspond to

aluminium (I11) oxide (Moulder ef al., 1995; Wagner et al., 2000)
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' PRH f silicon), as
The silicon (Si 2p) spectra of both samples were very similar around 103.3eV (the binding energy 0

shown in Figure 3, which is a confirmation Si*" in silicon oxide.

Flgure 3: XPS Spcctra of Si Zp of both clay nnd the dealummated samples

CONCLUSION

The process of dealumination showed noticeable change in the properties of the clay. The result showed that the -
dealuminated clay had increased surface area; generally, it revealed improved physical properties of the treated
clay sample. From the results obtained, it was deduced that the chemical composition of the dealuminated clay
sample was different from the natural sample However, the chemical composition was not relatively altered,

but the percentages were altered. This research has successfully reduced the AI’* and increase the Si** of clay
via a very simple process. Thereby, increasing the clay’s ablhty for Bronsted acid characteristics if used or
doped with acid (e. g. H,SO,) for various mdustrlal applications, The resulted aluminium sulphate is also an
mdustrlal chemical

343
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