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EFFECTIVE UTILIZATION OF RAW MATERIALS: A
CATALYST FOR INDUSTRIALIZATION IN NIGERIA.

The Vice-Chancellor,

Deputy Vice-Chancellor (Academic)

Deputy Vice-Chancellor (Development)

The Registrar,

Other Principal Officers of the University,

Deans, Directors and Heads of Department,

Fellow Academics and Non-Academic Colleagues,
My Lord Spiritual and Temporal,

Distinguished Guests and Friends of the University,
Ladies and Gentlemen of the Press,

Distinguished Ladies and Gentlemen,

Great FUTARTANS.

PREAMBLE

I wish to thank the Almighty God for making it possible for me to
deliver this 66" Inaugural Lecture of this Great University of Technology. This
is the 5" Inaugural Lecture series coming from Chemistry Department; the fast
being the one delivered by Professor L. Lajide in 2002, closely tollowing
those of Professor A. V. Popoola, late Professor K. O. Ipinmoroti and
Professor A. A. Oshodi in that order. | have chosen this day to speak on the
‘effective utilization of raw materials; a catalyst for industrialization in
Nigeria'. The title was borne out of my experience in Leather Research
Institute of Nigeria, Zaria and later the National Research Institute for
Chemical Technology, Zaria where I served for 17 years before | joined the
services of this great University in the year 2000. My initial work was on the
evaluation of raw materials for leather production and later the utilization of
raw matcrials for production of industrial chemicals. While in this university |
continued to look into agricultural wastes as raw materials for environmental
cleansing as well as bitumen and some other minerals. Before | go on, it is
pertinent to define raw material; its importance in the economic development
of the nation and the utilization.
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Raw Materials

Raw material or chemical feedstock is defined as something that is
acted upon or used by human labour or industry (Austen, 1984).This term is
also used to denote materials that came from nature and is in an unprocessed or
minimally processed state (Austen, 1984). Non-human related raw materials
would include twigs and objects found by birds to make nest and the fibrous
metabolites produced and used by spider to make webs. In Marxian Economics
and some industries, the term is used in a more distinct sense; raw material is a
'subject of human labour', something that will be worked or acted upon by
labour or that has already undergone some alteration by labourers.

Simply put, a raw material is anything that has undergone a regime of
physico-chemical processes to produce a desired good or service. in essence,
almost everything that occurs in nature is a raw material for production of a
characteristic product or service. For example, the air we breathe contains
many raw materials for many natural processes.

Nitrogen, a component of air that makes up 78% of it is a raw material for
'Nitrogen fixation' in plants as encountered in 'Nitrogen cycle'. For the
production of inorganic fertilizer, nitrogen is converted to ammonia in an
industrial process called 'Haber Process' in which nitrogen and hydrogen are
chemicaily combined.

3H,+ N, > 2NH ---=er-mmom oo 1.

Oxygen, another component of air is an essential raw material for life
processes such as respiration and other metabolic processes in living organism.
It is aiso essential for combustion of various fuels that are used to produce
energy. In critical clinical condition, pure oxygen is desirable particularly for
patients in state of coma and pre-matured babies. Those patients have to be put
in oxygen tents to keep them alive during the period of their comatose or
incubation in the case of the pre-matured babies. A typical example is the case
of the former Prime Minister of Israel, General Ariel Sharon who was in coma
for atmost eight years and had to be supported on oxygen in a life supporting
machine.

Carbon dioxide. CO,, is a natural raw material for photosynthesis in plant.
Carbon dioxide and water are the primary raw materials for this process that is
essential for plant as a primary producer of food.

Carbondioxide water Glucose oxygen
6CO, + 6HO — CH,O, + 060, —mmmmmmmmee- 2.
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Thus self-same caroon aoxide 1s also used to carbonate soft drinks, as fire
exunguisier ana i ram seed:ng.

itetuniis used lor filling balloon. Evenairin its hot form is used to fili
vaiioons for fhght. Argon another component of air is used as a raw material
tor scientific mstrument  like inductively  coupled  plasma emission
snecirometer lor metal analysis. Water as a universal solvent is a raw material
tor almost all industrial processes. Man from time immemorial has veen
ingenious m using anything that 1s found in his eavironment to produce one
good or service or the other. A minceral is any naturally occurrng clemen,
compound. The carth crusthas minerals inabundance with about 3000 minera
species in existence, All the rocks forming the carth crust consist to vars i
degrees of mimnerals, For instance, the ¢lay derived irom the cara: orus. na
been used to mould blocks. pots. ceramics and other car then wares. S voa
one of the carliest metals used by man. Gold evisan v w0
uncombined state as @ mineral 15 used as ornament icwels. wocleettone
industries and i comage cither as pure gold or as alioy. o oracessing o
other minerals to produce zold was the counGaes G vicas o wnise g
precursor of the modern duy Chemistry and Metatiurg v, s e processing of tron
from various ores started ages ago wher man discoveied thie s ¢ e (o
produce metals from ores, The term 'Tron age rewers o die penod wiien man
started to expioit iron minerals o mane metar nowent anc ols, These
minerals are raw materiais tive’ sise as aes becs, Sanoiuse: 1 inaking goods
and services for his use. Kaw macrins diay an mportani role m the cconomic
life of a nation The coomoa s of Seera i aostly dependent upon the
exploitation and exportaiion o pagor rav matectais particularly: crude oil.
The avatlability and quaiity or raw material for any product dictates the price,

ease of production, tabour costand the nrice of the product.

Raw materiai and national deveiopment

Raw material exploitation is essential to the economie developmentof
any nation. For instance, the vast resources of otl and gas in Russia make the
nation the major energy supplier in Eastern Europe. This nation now holds the
monopoly of encergy in that part of the world. The cconomy of Nigeria is about ‘
90% dependent on the sale of crude oil.

The acquisition of raw materials acquisitions was responsible for the spate of
colonization encountered in the past. In fact, the need for cheap sources of raw
materials for the emerging industries in Europe following the [ndustrial
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Revolution of the 18" Century was responsible for the colonization of Asia,
Americas and Africa by the major European Powers. These industrial
developments gave the colonial powers the impetusto acquire the much-needed
resources to manage their economies. In West Africa, the raw materials derived
from the colonies dictated the initial names given to them. For instance, the
present-day Ghana was called Gold Coast due to the fact that gold was one of the
major resources; Cote d'Tvoire, or Ivory Coast due to ivory and 'Slave Coast' was
the name of Nigeria and Benin Republic as a result of supply of slave labour to
the Americas in 17" to 19" Century. It is gratifying to know that some agricultural
productsthat are major foreign exchange earners todaywere introduced to
Nigeria from clsewhcre; and these eventually formed the basis of colonial
economy. For instance, crops like cocoa (Theobroma cacao), cashcw
(Anacardium occidentale), cassava (Manihot esculenta), Para rubber (Hevea
brasiliensis)wcre introduced from Brazil. Maize (Zea mays), turkey bird
(Meleagris ocellata), tobacco (Nicotiana tabacum) and even the pest, cockroach
(Periplenata americana) was from North America. In fact, cocoa bcan was the
mcdium of exchange in the Aztcc Empirc of Mexico prior to thc Spanish
Conquest (Wallace, 1962). The North Amcrican colonies of Britain (U. S. A. and
Canada) wcrc the sourcces of cotton, sugar canc, tobacco, gold, furs and somc
other minerals. The development of railway transport in Nigeria in the early 20"
Century was principally to transpoit raw matcrials from various part of Nigcria to
the ports of Lagos and Port Harcourt. For instancc, groundnut, hides and skins,
millct and sorghum from the North East made Nguru and Maiduguri important
railway termini. Jos was thc collection centre for tin and columbite; whilc Port
Harcourt served as the collcction port for timber, palm and kerncl oils, coal and
cocoa from the South East. Cocoa, coffee, palm oil, palm kernel oil, rubber and
gold derived from the southwestern part of Nigeria were usually cxported
throughthe Lagos Port.

Raw materials are important for siting of industries. The development
during the colonial era was that the economy of the nation was derived from the
salc of the available raw matcrials and surplus was uscd to feed the cxisting
industries cstablished by the multi-national companies. For instance Bluc-Band
Margarine, a product of Lcver Brothers Limited, was produced from palm oil and
palm kernel o1l. In building, bricks wcre madc from local clays and thesc were
used to build the strong colonial edifices that adorned the Provincial and District
Offices nationwidc. Raw materials; if proccssed into essential goods and
services attract better market values; hence the need to establish cottage, small

necessary stimulus forgrowth.

7. Massive investmentin university education should be pursued.

8. The problem of insecurity is a major hindrance to industrialization.
Armed insurgency, kidnapping, armed robberyand other anti-social
behaviours are paramount and these discourage industrialization
and foreign investment. This problem needs to be effectively
tackled.

9. Smuggling and unbridled taste for imported materials are
poisonous to our industrial drive. The need to curb smuggling to the
barest minimum may give potential investors breathing space to
industrialize.

10. The students are facing many distractions that impact negatively on
their academic pursuit. As future leaders the need to be adequately
trained and equipped for future is very paramount.
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A similar study on lkere-Ekiti was reported by Ogunmodede et al. (2014) in
which bacteria like Staphylococcus, Pseodomonas, Escherichia and
Salmonella/Shingellas species were reportedly present.

CONCLUSIONS

These are few of the raw materials available in the country. The evaluation of
the materials showed that they were of appreciable quality for the
consumption of industries. The exploitation of these raw materials is skeletal
and this was due to the reliance on crude oil for foreign exchange earnings.
Exploitation of minerals like bitumen holds promise for the nation. Maybe
this mineralis being strategically reserved for the future.

The need to preserve our environment for posterity is equally paramount
and hence the need to pursue industrialization for sustainable environment.
Industrial policy should explicitly place emphasis on environmental impact
assessment.

RECOMMENDATIONS
Nigeria has just celebrated the Centenary of her existence as a sovereign
nation. The need to look into future development is paramount. As the
nation has an ambitious programme of Vision 20-20-20; a lot needs to be
done to emerge as a member of 20 global economies. The following
suggestions are made:

1. The nation sadly is yet to attain a truly nation-state that is
synonymous with development. It behoves on us to evolve a truly
nation-state where justice, equity and fair play is paramount. It is
when such a nation is evolved that the necessary patriotism that
engenders meaningful development can emerge.

2. Infrastructural development should be vigorously pursued to
enhance economic development. These infrastructures include
good network of roads and rails, available energy supply, potable
water and good education and health institutions.

3. Mandatory budgetary 26% allocation should be made available to
resuscitate our educational system. This will eddress the probiems
plaguing this sector.

4. Ourvalue system of unbridled materialism must change.
Comprehensive economic planning and execution must be put in
place to foster development
6. Agricultural and solid mineral sectors must be revived to provide the
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and large-scale industries that will consume them as feedstocks. For a raw
material to be economically viable, it must be available in sustainable
quantity and quality. The quality of any raw material depends on its chemical
composition. For instance, crude oil is a viscous, slick liquid that burns; but
the characterization of this mixture of hydrocarbons revealed the composition
and the usefulness of the components as chemical feedstock or raw materials
for petrochemical and allied industries today. The chemical composition can
only be assessed by various techniques of chemistry; hence the need to
discuss what is chemistry and its importance in our daily life.

CHEMISTRY

Chemistry is defined as the study of nature and the changes or
transformation it undergoes (Chang, 2002, Brown ¢/ af., 2009, Microsoft
Encarta, 2009a). Chemistry is often called the "Central Scrence’ because a
basic knowledge of chemistry is essential to geology, biochemistry, physics,
biology, ecology and many other subjects. Indeed, Chemistry has been found
to be essential to life in thata living organism is a complex chemical factory in
which precisely regulated reactions occur among thousands of substances.
The raw materials for this life process are derived from food, water. air and
other substances taken in by the living organism. The life's chemical process
is called metabolism in Biochemistry and the reactions taking place m cells
are catalyzed by enzymes, regulated by hormones and coordinated by nerve
cells. The living cell of every living organism can be regarded as a chemiceal
reactor vessel. Chemistry has been found to be central to our ways of life
without which, we could have been having shorter life span m what we
consider primitive devoid of automobiles, electricity, medicine, CD computer
and many other conveniences (Chang, 2002; Brown et al., 2009, Microsolt
Encarta, 2009). The production of goods and services from basic raw
materials emanated from their transformation; which is essentially chemustry.

Chemistry is an ancient science, butits modern foundation was laid in
the 19" Century when intellectual and technological advances cnabled
scientists to break down substances even to smaller components and
consequently to explain many of their physical and chemical characteristies
(Chang, 2002, Brown ¢/ al., 2009). The ability to break down and assemble a
substance makes Chemistry to recreate nature. The origin of Chemistry can
be traced to the Greek Philosophers who first defined atom as the smallest
component of matter and latter to the Alchemists in 100 A. D. whose work
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formed the precursor of the modern-day chemistry and metallurgy (Microsoft
Encarta, 2009). The quest of alchemists was to convert every metal to gold. They
were looking for the 'mythical philosopher's stone'. The conversion of metal to
gold was only achicved in 20" Century through the bombardment of bismuth by
Carl Scaborg (Brown er al. 2009). The foundation of modern chemistry was laid
by Lavoisier in 18" Century when he propounded the Law of Mass Conservation.
Others through experimentation formulated laws and hypothescs that brought
chemistry tothe level it is today.

Chemistry has played an important role in health and medicine, cnergy
and cnvironment, materials and technology, food and agriculture. In health and
medicine; four major advances have been made in prevention and treatment of
discases. Thcse arc the establishment of sanitation systems, surgery with
anesthesia, production of potent drugs, vaccines and antibiotics and gene therapy
(Chang, 2002, Brown et a/., 2009). Energy is a bye-product of many chemical
processes. The demand for energy continues to soar with ever increasing
population of the world. With fossil fuels contributing majorly as encrgy source
and the fact that this source can only last for 50 to 100 years at most, necessitate
the nced to look for alternative source. The recent advances in solar, fuel cells and
nuclear energy make these sources alternative sources to fossil fuel with its
attendant problem of contributing to global warming. Material science and
technology has improved the quality of life tremendously. Typical advances have
made polymer and plastics, ceramics, liquid crystals, adhesives and coating,
computers, semiconductors and superconductors available. The development of
fertilizers, pesticides and high-yielding crops as well as farm inputs has made
food available despite the presence of mounting challenges of food insecurity
(Brown et al. 2009). Genetic engineering which is as a result ot alteration of the
chemical makeup of genomes has been of tremendous help in agriculture and
medicine. Gene therapy is a recent development in medicine. The technology of
stem cell 15 an emerging area of rescarch. Defence industry has benefited
tremendously from application of chemistry. Chemical weapons, nuclear and
atomic bombs, firearms, depleted uranium bomb and other weaponry are derived
from chemical research. Radioactivity has advanced the course of medicine
through radiotherapy, production of nuclear energy and atomic and nuclear
weaponry.

Chemistry 1s made up of many arcas of specialization including
biochemistry, physical, organic, inorganic, analytical and environmental
chemistry. Chemical engineering is a branch of engineering that incorporates

In another study, Abata et al. (2013) evaluated the level of heavy metals like
Cd, Cr, Cu, Fe, Ni, Pb and Zn in the sediments of Ala River that runs through
Akure Metropolisin the raining season of 2012. The indices of poliution such
index of geo-accumulation {l,,,), contamination factor (C) and degree of
contamination (C,} indicated that this river was appreciably polluted.On the
basis of enrichment factor measured by |,_,, sediments were enriched in this
order; Pb>Cd>Cr>Cu>Zn>Ni>Fe. On the other hand contamination factor
(C,), this same trend was followed. Pearson Correlation indicated that Zn, Fe
and Ni, Cr were highly significant (p<0.01), suggesting the anthropogenic
sources of these metalsin the sediment under study.

In arelated study, Ogunmodede et al. (2013) investigated the heavy
metal and microbial loads of some dumpsites' soil in Ado-Ekitiand ljero-Ekiti.
Other characteristics examined included the soil type and organic matter.
The bacteria identified in both sites included Bacillus megatarium,
Chromatium violasceus, Bacillus subtilis, Klobsiella rhinosederomalis, Kurtia
zopfi, Clostridium spirogenes, Bacillus lichenifermis, Xanthomas fraganie
and Bacillus cereus. The ranges of metals detected in measurable quantities
inthetwo locations are as shownin Table 23.

The soil in both locations was found to be sand + silt. Comparable
concentrations of the metals were recorded for both locations except that
chromium, nickel, iron, manganese and zinc were higher in Ado-Ekiti than
liero-Ekiti. Only lead, cadmium and copper recorded higher concentration at
ljero-Ekiti.

Table 23: Ranges of metals detected in the soil of dumpsites in Ado-Ekiti and ljero-Ekiti.

Concentration in mg/kg

Element Ado-Ekiti ljero-Ekiti
Cr 2.00-13.00 1.10-10.20
Ni 1.00 - 11.00 1.00 - 16.80
Fe 8.20-24.70 9.20 - 26.40
Mn 1.20-60.80 1.12-50.00
Zn 2.40-72.00 3.40 - 70.00
Cu 2.36 - 86.40 3.30-94.00
Pb 7.28-72.50 7.40 - 88.82
cd 1.42-3.62 1.66-3.74

Source: Ogunmodedeetal. (2013).
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Rio de Janeiro in 1992 as well as well as in Kyoto in 1997. The Rain Forest
Regions of the world used to serve as carbon pool that takes in most of the
carbon dioxide. During the period of Ottoman Empire, the Sultan used to tax
the people including imposing tax on every standing tree. The Bedouins of the
Middle East resorted to cutting down all the trees in order to evade taxation
Icading to desertification of the Area (Michener, 1981). On the emergence of
Israel as a nation, the trees had to be replanted. Israel has an aggressive
Afforestation Programme in that whenevera child is born, a tree is planted.On
the other hand when a child is born in Nigeria, many trees have to be felled tc
prepare native concoction and as fuel for naming ceremony. In fact, the desert
belt is reputed to be shifting southward by a kilometer yearly. The need ¢

evaluate our environment is very paramount so as to save this land {ur
posterity. Oil prospecting activity is taking place in the Niger Deita Regior i
Nigeria. Studies carried out in 26 locations on the coastal region of Wari! 1
Delta State showed a buildup of heavy metal (Olowoyo eral, 2010). Te resu't
of the heavy metal analysis of sediments in seven selected locations is
illustrated on Table 22,

Olowoyo ¢f al. (2010) observed that the concentration of some metals like Ni,
Cr, Cd and Zn in many locations were higher during the wet season than the
dry season. Iron (Fe) was expectedly high in this area due to the proximity of
Delta Steel Company. The higivvaluc of Ni, Fe, Cd, Minand Cr in the sediment
indicated that oil operationa: activitics contributed significantly to the
concentration levels of these metals (Olowoyo ef al., 2010).

Table 22: Average Concentration cf metais of sediments in seven locations in Warri area.

Concentration g/

Location Ph N Fe Cu Zn € Mn C Co

Koko 1076 068 1783 104 100 808 6.63 0119 0.267
Ognara 0.001 1.80 89.88 0.001 0815 106 0923 0003 0.001
Sapele 0.739 250 13543 0.105 1104 0383 1.128 0.001 1.62
Abigborodo 362 9.94 191473 100 154 125 1187 845 1252
Okogho 1102 9.87 54662 038 145 421 275 0034 266
Ajasiolo 16.55 15.07 70650 173 216 248.0 20.315 482.27 2.21

Ghoritseduwa 598 070 39.65 0347 067 0772 398 0023 1074
Source: Olowoyo et al. {2010).
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chemical principles into industriai production. Chemical engineering came
into existence in 1914 as a separaic discipline that offered sound approaches
to chemical plants destgn (Austen, 1984). This discipline is characterized by
physical operation necessary for manufacturing chemicals as 'unit operation'
(heat transfer, fluid 1iow distillation, filteration cte.) (Austen, 1984).

Anaiytical Chemistry

Anatytical Chemistry provides the methods and tools needed for insight into
out maierial world....for answering four basic questions about our material
w8rid such as; 'what?', 'where?', 'how much?' and 'what arrangement,
structure or form? (Christian, 2007).

[n medicine, analytical chemistry is basic for clinical laboratory tests

that help physicians to diagnose discases and chart progress in recovery. For
exampie, in typhoid fever test, the blood of the patient is titrated with Widu!
reagent tn Widal Test. The titre value of the Widal reagent will dictaie ihe
regime of antibiotics to be prescribed for the treatmentof thisailment.
In industry, the means of testing raw materials and assure the quaiiy of
finished goods is through chemical analysis. Environmental quaiity s
evaluated by testing. The chemical composition of food ts also criticat 1o
analytical chemistry. Analytical chemistry makes importani confribution to
diverse fields such as forensic, geology, arciicowgy and space science
(Christian, 2007).

Record of Analytical Chemistry, being a basic ool for chemicul
measurement, dated back 1o the cartiest recovded history (Christian, 2007).
For instance, the fire assay of goid was referred 1o m tive Bibie !t Zechariah 137),
The alchemists accumulated chemical knowicdge that formed the basis of
quantitative analysis today {Christian, 2007). Lavoisier was considered the
"father of Analyticat Chemisury' because of the quantiative experiments that
he performed with analytical bajance that led him to propound the Law of
Mass Conservation (Christian, 2007; Microsoft Encarta, 2009). Analytical
chemistry grew rapidly in 20" Century with evolution of instrumental
techniques like clectroanalysis, conductometric titration, automatic titration
and colorimetry. Today, the progress has led to the development of
sophisticated and powcerful computer-based instruments with ability to
perform highly complex analysis and mecasurement at extremely low
concentration (Christian, 2007). In fact, analytical tools capable of detecting
potentially dangerous weapons have been employed forsecurity purposes in
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the banks, airports and other places to detect metals. This reminds us of the
legend of Chinese Pineiho Jade. Pineiho found an uncut jade and presented it
to Emperor Wu as a loyal subject. However, following the pronouncement of
the royal jeweler denouncing it as an ordinary stone; the emperor in a rage cut
off one of Pineiho's feet. Following the death of Emperor Wu, and his
succession by Emperor Wen, he represented this same jade to him. Ile also
ordered thathis second foot be cut off following denunciation by royal jeweler

again. Under the third emperor, the jade was polished and found to be precious.

This jade is now in one of the Chinese Museums today (Wurmbrand, 1990). If
analytical chemistry had developed to the extent it is today; it would have
been needless for Pineiho to have undergone this treatment because x-ray
microprobe and other instrumental techniques might have been used to reveal
its authenticity.

INDUSTRY
The term "industry' refers to a group of enterpris=s (private businesses

or government operation and corporations) that produces a specific type of

good or service (Heintz and Saez, 2009). The term industry was derived from
the Latin word 'Indusiria’ which means 'difigence’ that reflects the highly
disciplined way the human energy, natural resources (raw materials) and
technology are combined to produce goods and services ina modern economy
(Guest, 1983, Heintz and Saez, 2009). Hence, industry is simply the
production of goods and services in an economy (Heintz and Saez, 2009). The
Industrial Revolution of the 18" Century in Britain emerged following the
mechanization of industrial production. Larger scale production driven by
machinery makes use of advanced technology and employs sizeable work
force (Guest, 1983, Heintz and Sacz, 2009). Industry has been classified as
primary, secondary and tertiary.

Primary industries use raw natural resources as major inputs. These include
agriculture, fishing, mining and forest industries. These respectively usc
farmiand, rivers, lakes and ocean, mineral deposits and forest as their major
inputs or raw materials (Heintz and Saez, 2009).

Secondary industries use producer goods to assemble their products.
Forexample, construction industry produces house, other buildings and roads.
Its input inciude lumber produced by forest industry, quarried stones and
asphalt from mining industry and stecl structure produced from iron ores.
Manufacturing industries such as food processing, petroleum refineries,
motor assembly, textile industry and other manufacturing outfits form the
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shell relative t0 0.931 for snail shell powder (Ajayi ef al. 2005). In view of this,
cow hoof powder was used to adsorb many metal ions. The thermodynamic
and kinetic data of'this process has been reported for zinc ions (Osasona ¢/ a/..
2013a), chromium (V1) tons (Osasona ¢/ al. 2013b) and for lead (11) ions
(Osasonaeral. 2013c). Table 21 provides summary of this study.

Table 21 : Thermodynamic parameters of biosor  ption Pb(ll), Zn(1l) and Cr (Vi) ions on cow hoof

adsorbent.
lon pH ) AG(k]/mol) MM (fmol) A8 (-0
Zn {ll) 40 298 -11.14 42792 17761
Pb (Il) 20 298 -10.28 -33.27 0.77
Cr(vi) 20 298 -1.707 33.357 0118

Source: Osasona et al. {20133, b, ¢)

This adsorbent being a keratinous protein was effective in adsorbing Zn ions
at pH 2.0, Pb (Il) ions at pH 4.0 and Cr (V!) ions at pH 2.0. The
thermodynamic data showed that the reactions were spontancous. The
adsorption conformed to both Langmuir and Freundlich isotherm models.

Environmental studies

The environment in which we live is constantly under threat as the various
components that make it are changing as a result of natural disasters and
anthropogenic activities of man. Man generates a huge volume of wastes that
are discharged or disposed on soil, water and air.  Deforestation, mining,
unbridled dumping of refuse, crude oil spillage. acid rain, natural disasters
and sewages are the principal agents of environmental degradation. The
greatest scourges facing humanity are the depletion of ozone layer, acid rain.
global warming, flooding and attendantemergence of drug-resistant discascs.
Allthese can be attributed to human activities that are imparting negatively on
the environment. The recent cpidemic of lead poisoning in Zamfara State.
Nigeria, is sad enough. This incidence in which over 400 children died was
attributed to the activities of illegal gold miners that released lead ions into the
environment. The declining forest reserves worldwide is responsible for
global warming is amatter of concern. In fact, the World leaders gathered in
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Table 20: Concentration of elements in the produce water of borehole and near surface bitumen.

Element Borehole bitumen {(mg/L) Near-Surface (mg/L) ~ FEPA(1991) Limit {mg/L)
Hg 113£0.03 0.98+0.05 0.05
Fe 1551460 11.05.40 20
In 1.38+0.80 1791023 <1.0
Pb BOL BDL <1.0
Cd 1591037 BDOL <10
Co 0.05+0.03 0.04+0.03 NR
Ni 25004 1.001 0.00 <10
As BOL BOL 01
Mg 0.84+0.04 0.2010.00 200
(a 0.3410.05 0.04 002 200
Cu 1.56£10.19 BDL <1.0
Key:

NR: Not Reported
BDL: Below Detection Limit.
Source: Ogunsuyi et al. {2008).

mercury poisoning in Japan. The water also absorbs a number of elements
from the environment. One of the ways of removing these metals from water
is by the process called Adsorption. Adsorption is simply a process of
concentration chemical species on the surface of solids. Adsorption is both
chemical and physical process. The chemical adsorption known as
Chemisorption has been very important in catalysis. The use of agricultural
wastes to adsorb metals from aqueous solution is the subject of this discourse.
Following the report of Ogunsuyi ¢f al (2006) on the adsorption of copper by
powdered activated carbon, corn cob, coconut shell powder and oyster shell
powder; with oyster shell powder having adsorption coefticient of 0.537,
relative 1o 0.012 to 0.282 of others, the potentiality ol oyster shell for
adsorption of lead (11) ions was evaluated. Oyster shell powder along with
snail shell powder was evaluated for their adsorption capacity for Pb (11) ions
in aqueous solution. The two adsorbents of chitin origin were found to be
comparable. The adsorption coefficient that defines the ratio of lead ions in
adsorbent to that in equilibrium solution was comparable at 0.944 for oyster

42

largestgroup of secondary industries (Heintz and Sacz, 2009).

Tertiary industrics are majorly service outfits that provide services.
Example include banks and other financial institutions, insurance,
universities and other schools, hotels, hospitals, radio and television stations,
travel agencies and print media outfits to mention a few. All forms of
government activities ranging from local waste disposal to armed forees are
also classitied as tertiary industries (Heintz and Saez, 2009).

The economy of a nation depends on the industrics that drive it. A
robust economy s reflective of manufacturing outputs, scicnce and
technology, capital inflow and good governance. In Nigeria, the cconomy is
mainly driven by the primary industry outfits. Tlence, there is a need o
enhance the manufacturing sector so as to effectively drive the economy.

MY CONTRIBUTIONS
My research contributions include the followings:
1. Leatherrescarch.
Instrumentdevelopment in Atomic absorption spectroscopy.
Industrial chemicals and tobacco.
Hydrometaltlurgy.
Bitumen.
Uscofagricultural wastes inremoval ot heavy metals.

NOoOoh~MON

LEnvironmental monitoring.

Researchin Leather

Leather is defined as an animal skin that has been chemically
modified to produce a strong flexible material that resists decay (Microsoft
Encarta, 2009b). Unprocessed skin casily degrades unless consumed as a
menu called 'Ponmo’ in Yoruba language. Most ol the World's output ot leather
is produced from cowhides and calfskins, goat skins and kid skins, sheep skins
and lamb skins. Other sources include skins of horse, pigs, kangaroos, camels,
llamas, scal and walrus (Microsoft Encarta, 2009b). Hides are used (o denote
the flayed skins of big animals like cow, buffalo, Hlamas, horse and camel.
Skins of smaller animals used in leather processing are simply called animal
skins. Uses of leather include soft feather for clothing, upholstery and bags
while hard leather finds its use for shoes. Hides and skins are the major raw
materials for leather processing. Other raw materials include lime (calcium
hydroxide, sulphuric acid, vegetable oils, vegetable and mineral tannins,
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-bates, sodium sulphites and dves.
Leather processing starts from the flaying and curing of hides and skin,
fellowed by soaking and unhairing, [iming, delimimg and bating, tanning,
jubricating, dveingand finishing.

The raw matenal of concern in this rescarch was vegetable tannins
that are used to foom cross-linking win the cellagen fbres of the processed
bides eind skins. Mincral tanpage involve the use of chromium salts ana
sometimes those of aluminium. In the Northersn parts of Nigerie, tannins
dgerived from aparuwa barks (Acacia niloriea: s a popular tanning agent.
However, the imitial trial with powderced fruit husk of focust bean (Pakiu
clvperioniang aow Pokio Plriobosay gave some promsing results of this
source as a potential raw nuater’se for feather ndusiry {Adewoye and Idris.

1982). This necessitated the research mio the chemical constituents of this
source. The tanning wers of condensed tvine. various extracts of this fruit
sy vere choinaiogsapoed cad co-enromateeraphea wdeiermine the

aiveosaes wnd eelyeenes 7 e taanins. Tannins are polyphenolic
compounds that are naturs! products ot plants (Harbourne, 1984). These
coapennas like othercsich as chveesides aikalords terpenes and others are
wedaliy £ound ppionts ports e Barkssweaves, fouithusks and sometimes in
tubers. L ocuasi o, A Gl idiobose ik v idety grown in Nigeria. The bean
urseed s psnadiofermented 1o produce soun tlavouring agent, the uffy part
slaie Pt s ¢ e whoe the bosk ts usnaily discarded. The husk was
found 1o contair chet 0% Thnnins (Adewoye and Ajavi, 1988a). The

o ore C0 U oo

creed fvne like favonols. Characterization of the

I R T S RS FR RIS X v,‘.- fer e Iy mareerapny of the extracts.

oowees oo e raar of e powdered  fruit husks was

“other and ethy! acetate. The resulting

[ ‘i [ S . 3 e \..lcin:‘
O onel tvas conereinied ond spetted aiong with authentic camples of the

o eunes on O agios sphie paper for separation using solvent systems

oo adarv=bataned oo aosds water 4S5 and 5%(v/v) acetie acid.
P mtien showed e presence ol elagie acid, (+)-catechin, rutin
Coocina-aeranesiaes oo aerdana an uncontirmed compound (Table 1)
e and 'xg;‘;}'.ih PPy
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On the other hand. solvent extraction of bitumen by soxhlet and Dean and
Stack procedures was undertaken using tolucne and chioroform as extracting
sehvents (Ogunsuyi e/ al., 2008). The yield from this process varied with
scivent and the procedure emploved. Frony soxhlet process that had the
optimum vield of 46.75%, 88.50% and 92.50% respectively for tar sund, near
surface and bore hole samples. Correspondingly fower yield of 43.0%0, 87.13
cnd 87.56% were ovtained fram tar sand. near surface and borchole samples
respectively. Lrean Stack method on the other hand yielded 44.38%0, 85.15%
and 90.25%) respectively for tar sand, near surtface and borehole samples with
toluene. The vield from cirloroform using this nrocedure amounted to 40.62%.
78.75% and 82.25% wespectively for tir sand, near surfoce and borehole
samples. No produce water was owever produccd ferm soxidet process. The
produce water or co-extracted water of 1.83% 10 4.94% was obtained from tar
sand. relative 10 23.21 10 26.79%¢ from nose wvlace swnpic ond 24.14% 10
2132% from Forehole sampie. Soxhlet proccss v axihe best procedure and
optimum yield being froin toluenc. Op e cover baid, exdraciion using Dean
and Stack Process afforded the cecess o wo-antractee voarer which was

hitherto not possible with soxhict process /owilvss of e produce water

reveaied the presence oi eleven trace clamnenis iy showsy in Table 20. tleven
clements were detected faov casurasi: guantitics iothe two samples. The
highest concenwration of each elomont was 1 "/ndcd for the borchole sample.

Lo the detection Timit of the

Lead and arsciic were fovnd 1o ¢
instrument in beth samples. 'The prescnce 1 shese ofements inthe produce
water might pot Bode v o3y 1"0 refining process as they can pollute ihe
chivironmect during viiag ana peiscii e cilalysis employ o in the relining
process. Thae Litumes . giodaiion Jsoen @ mnor seale restricted o the

ariisanar miners ot pracng 1z poteraa ceonomic aenehitof this mineral is

mense. This minersl 12 pest put on strategic reserve if not 1o be exploited

Cresertiv.

Lppitcation of agricuitural wastes 1 adsorption of metals in aqueous
schution

Vidstes are usuaiy generiated from anthrepegente activitics of man, Metals
particularly the heavy menils bave been toond @ be injurious o the
cuivironment and s components incliding man. The cleaning of the
cnvironment to rid b of sccurulated poliutanis has been agitating the minds
of scientists glebally, Reporred hazards emanating from metad poisoning
include itai-itarand Minamata discases due respectively to cadmium and
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Table 19: Elemental composition of tar sand.

Concentration (ug/g)
Element Crude sample Maltene Asphaltene Sand residue
Al 262410.20 117.50£0.05 387#0.35 15460112.6
Ti 856.3810.23 280.5610.08  134.510.26 1324.210.96
Vv 142.610.02 27.09t0.28  4.2610.09 28.5510.03
Mn 57.7510.03 3.37:0.17 14.5010.50 23.08:0.36
Na 321.811.8 81.31#0.15  455.2640.66 73.8610.60
K 4623.419.93 75.90:0.43  BDL<1183 1822.6010.09
Br 7.590.04 1.290.08 8.01:0.01 1.10£0.03
La 3.30+0.04 BDL<0.17 2.97£0.06 14.05+0.65
Sc 1.5410.03 BDL<0.25 1.38+0.03 3.8010.05
Cr 14.8210.12 BDL<6.05 BDL<7.62 20.90£0.50
Fe 25370417.6 12808:0.85  22139+10.63 1155040.95
Co 8.03:0.01 2.31£0.02 7.39£0.06 1.8610.03
Sm 1.10£0.03 BDL<0.02 0.97£0.01 2.6610.03
Cs BDL<0.83 BDL<1.19 BDL<0.81 BDL<0.81
Ce BDL<7.10 BDL<6.49 BDL<5.01 27.6410.06
Yb BDL<0.83 BDL<0.49 BDL<0.83 1.0210.03
Lu 0.40:0.01 BDL<0.05 BDL<0.04 0.12+0.03
Hf 0.9910.05 BDL<0.05 BDL<0.97 2.15+0.30
Th 1.2810.09 BDL<0.58 1.3810.1 3.25+0.05
Rb 28.6410.12 27.6910.22  BDL<16.25 BDL<25.42
Ni 49.4240.30 355610.55  BDL<0.30 BDL<0.60

Source: Ogunsuyi et al. (2012).
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Table 1. Phenolic constituents of Pakia higlobosa(formerly  Pakia

clypertoniana) fruit husk,

Phenolic compound  Ryvalues Colour UV {ELOH)
12 Il UV Nt Amax (nm)
Elagic acid 04 004 lightblue yellowish blue 256, 367

(+)-Catechin 072 055  Absorption light biue

Unconfirmed 057 025  Blue violet
Rutin 055 049 hrown yellow 260
Gallic acid 071 046 violet deep violet 234

I =Sce butanol: acctic acid: water (4:1:5)
2=06% Acetic acid
Source: Adewoye and Ajayi (1988a)

On the other hand, two methods were emploved in detection of
flavones, tlavonols and tannins of Pakia higlobosa fruit husk; and this
invoived (a) the hydrolysis of husk powder with 2M HCT followed by
extraction with ¢thyl acetate and (b) mixing powdered husk with acid washed
sand and making slurry that was allowed to stand for 3 days. The resulting
aqueous extract from “b above was concentrated before successively
extracting with cthyl acetate. The resulting extracts from both proeesses were
examined by 2-dimensional paper chromatography with BAW  (Butanol:
Acctone: Water) (4:1:5), FForrestal and 2% acetic acid solution. Ethyl acetate
extract from (a) yicided 5 flavonol aglycones; myricetin, azaleatin, quercetin,
kaempferol and morin. On the other hand, cthyl acetate extracts from (b)
yielded the above-mentioned aglyconcs except azalcatin with additional two
compounds fike fisctin and tricin (Tabie 2). (Adewoyc and Ajayi, 1988D).
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Table 2: Chromatographic properties of {lavonols and flavenes of Pukia
biglobosa (formerly Fakia clvpertoniana’ fruit husks.

Flavonoi Rvalues Colour

T2 3 W LY +NH,
Myricetin 044 035 007  Brightyellow Yellowish green
Azaleatin 049 051 026  Fluorescent yellow Fluorescent yellow
Quercetn ~ 0.65 061 032 Brightyellow Purplish yellow
iorin 0.74 061 034  Vbrightyellow  Fluorescent yellow
Kaempferol 087 067 043 Brightyellow Bright yellow
Fisetin 072 062 004  FHuorescentyellow Flugrescent vellow -
Tricin 076 076 042 Fluorescent yellow Fuorescent yellow

{25.4%) followed by Aland Ti in this sample. The high concentration of Feand Ti
suggested the possible occurrence of timenite (FeTiO;) within the tar sand
{Ogunsuyieral, 2012). Inthethree samples about 23 elements were detected in
measurable quantities. Other elements such as Ca, Dy, Zn, Sb, Ba, Ta, Mg and Cl
cccurred below the detection hmit of the instrument. The distribution of
ciements in the various components of tar sand (Table 19) presented a similarly
teresting picture. Twenty-onc elements were detected in measurable quantitics
in the various components of this mineral. The uncxtracted and crude tar sand
had the highest concentration of most of these elements. For the refining of the
bitumen due to the presence of these elements in their various matrices,
demetalization process necds to be employed.

Table 18: Comparison of elemental composition of bitumen and tar sand samples.

Element Concentration (ng/g)

i =Butanol: Acetic acid: Water (4:1:5) Z=Forrestal 3 =2 %(v/v)Acetic
acid,

Source: Adewoye and Ajayi (1988b).

Extraction of the powdered husk with amvialcohol of aqueous fraction of acid

hydrolyzed powder on chromatographic examination yielded 35

anthocyanidins such as petunidin, peiargonidin, malvidin, delphinidin and

cyaniding (Table 3) (Adeove and Ajayi, [989).

Table 3: Characteristics of Anthocyanidins of Pakia biglobosa (formerly Pakia clypertoniana) fruit husks.

Anthocyanidin Rfvalues LV spectra
i 2 2 {Amax nm)
Petunidin 0.22 040 047 1279), 546
Pelargenidin 53 082 070 (276), 525
Malvidin 0.27 0.62 .56 {272), 538
Delphinidin 0.05 040 030 {287), 559

Cyanidin (.49 066 055 (271),528
1= 2% (v/v) Acetic acid, 2= Butanol: Acetic acid: water (4:1:5) 3 = Forrestal

Source: Adewoye and Ajayi, (1989).
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Borehole

Near-surface

Tar sand

Al

722.55+0.13

527.60+0.03

2623+0.21

Ti 285.33+0.34 BDL<57.85 856.38+9.23
A\ 82.8410.02 101.20+0.02 142.60+0.02
Mn 6.56+0.07 7.80+0.06 57.75+x0.03
Na 178.80+0.02 161.23+x0.09 321.8+x1.8

K 1893.0+0.07 3525.0£0.05 4623 .4+9.93
Br 4.74+0.09 1.65t0.09 7.59+0.04
La 20.90+0.01 40.47£0.06 3.30+0.04
Sc 7.50x0.04 16.51+0.06 1.54+0.03
Cr 51.58+x0.04 SC.74*0 .33 14.82+0.12
Fe 19230x0.02 33450x0.12 25370x17.6
Co 3.40+0.98 &8.62+0.07 8.03+0.01
Cs 1.44+0.39 2.23+0.98 1.10+0.03
sm 4.59+£0.02 12.35+x0.02 BDL<0.83
Ce 44.12+0.04 RDL<1.93 BDL<7.10
Yb 1.80+0.15 4.61+£0.10 BDL<O.83
Lu 24.27+x0.07 0.58+0.05 0.40+0.01
Hf 5.13+0.05 11.07+0.05 0.99+£0.05
Th 5.81+0.03 9.18+0.02 1.28+0.09
Rb 29.97+0.02 37.73+0.33 28.64+0.12
Ni 59.54+0.15 69.12+0.31 49.42

Eu BDL<1.48 3.11+0.09 BOL<1.20

Source: Ogunsuyi et al.(2012)
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Bitumen

Bitumen is an encrgy raw material that has promise for the future in view of
depleting crude oil reserves. Athabasca Tar Sand Company has developed a
technology for extraction petrochemicals from this source. Bitumen is a mixture
of organic hiquids that are viscous, black, sticky and soluble in organic solvents.
‘The composition of bitumen has been variously reported to consist of highly
condensed polycyclic aromatic hydrocarbons (PAH). heterocyclic compounds
and heavy metals such as nickel, vanadium, lead, chromium, mercury, scleniun,
arsenic, manganesc and other toxic elements (Ipinmoroti and Aiyesanmi, 2001).
The use of bitumen predates the modern age. Romans and Mcsopotamians used
bitumen as binders. During the period of the Roman Empire, bitumen from the
Dead Sea in the present-day Israel was very much in vogue. The Dead Sea was
named '"Mare Asphaltis’ meaning 'Sea of Asphalt(Guest, 1983). Nigeria has a
vast reserve of bitumen and tar sand that 1s estimated to be about 150 biliion
barrels equivalent of crude oif{Ogunsuyi etal. 2008). The coastal plain of Ondo
State is reputed to be rich in tar sand and bitumen. This arca in question is dotted
with bitumen deposit from Agbabu to Haje, EseOdo and Okitipupa Local
Government areas by the sea-shore (Ogunsuyi ef al., 2012). The iocality is within
the belt of bitumen impregnated sandstone that runs east-west within Benin
Basin. The Benin Basin runs parallel to the coastal margin of the Guif of Guinea
covering the Southwestern Nigeria and Republic of Benin (Ogunsuyi e/ al.,
2012). This research was on threc deposits of bitumen in Odigbo Local
Government area of Ondo State. Neutron activation analysis technique was used
to characterize the borehole, near-surface and tar sand samples in both raw and
processed forms (Asphaltene and Maltene). Soxhlet extraction of the sample was
variously accomplished using chioroform and toluene as solvents. The extract
was scparated into asphaltene and maltene components by dissolving 10.0 g of
extract in 100 ml of pentane. The asphaltenc containing saturated hydrocarbon
was precipitated out by this treatment. The maltene was soluble in pentane. The
separation was accomplished by decantation of asphaltene from the mixture. The
products from this process were subjected to neutron activation analysis. The
sand residue obtained from the soxhlet was also subjected to neutron activation
analysis using the CERT Facility of Ahmadu Bello University, Zaria. The result
of the analysis is as shown in Tables 18 and 19.

As shown in Table 18, the highest concentration of metals like Al, Ti, V, Mn, K,
Fe and Na were recorded for the tar sand sample. The highest concentrationof Fe
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Instrument deveiopment in Atomic absorption spectroscopy.

The quality of raw materials and products are usually evaluated with
analvtical techniques. Atomic absorption spectrometry is one of the
instrumental techniques widely used in this analysis. My PhD programme at
the University of Strathelyde, Glasgow, U. K. was on the development of
instrumentation of atomic absorption spectrometry.

Atomic absorption spectrometry (Figure 1) using flame cell came into being
in 1955 folfowing the independent reports of Sir Aflan Walsh in New Zealand
and Alkemade in Netherland (Price, 1983). The instrument consisted of
hollow cathode lamp source of the clement, {lame/nebulizer cell,
monochromator. detector and read-out system (Price. 1983). The principle is
based on the absorption of resonance fine of an clement from its hollow
cathode [wmp source by vapourized element generated in {lame or graphite
furnace cell. The flame emploved in the flame atomic absorption
spectrometry is usually from acetylene/air or acetylene/nitrogen dioxide. 'The
ilame normally breaks down salt into its constituent atoms and atomic vapour
so generated absorbs characteristic radiation from source and the amount
absorbed is proportional o the concentration of the atoms in the vapour
following Beer-Lambert Law. The application of this technique s a
monumental success in that this instrument is now used routinely in many
laboratories worldwide to determine metallic elements in varicties of samples.
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Figure |: Schematic diagram of an atomic absorption spectrometer.
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However, the need for a new atomizer cell arose from some limitations of the
combustion flame atomizers. The limitations include mecomplete dissociation
of some molecules, insufficient flame temperature, vaporization of some
reactive species, influence of physico-chemical properties of the solution,
poorsensitivity for some elements and certain hazards in practical use.

In 1961, L'vov described the design of an clectrically heated carbon tube
which overcame many of the limitations of the flame atomizer cell. In this
system a relatively small volume of sample was placed on a carbon 'plug’
which was inserted into a resistively heated graphite tube. The furnace was a
graphite cylinder of about 30 mm to 50 mm long and 2.5 to 5.0mm internal
diameter. This tube had a hole underside through which a sample-bearing
clectrode or plug was inserted. The sample was usually dricd by passing
current through the sample clectrode before being inserted into  the
isothermally-heated graphite furnace tube (Price, 1983). The main advantage
of this system included volatilization of atoms into an isothermatly heated
furnace, improved detection limits and sensitivitics for many clements,
reduced chemical interferences and possibility of operating m vacuum UV
region to determine clements like Se, P and As (Iligure2). The main
disadvantage of L'vov design was bulkiness and complexity of atomizer for
commercial exploitation.

Figure 2: Schematic representation of Lvov's furnace.
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Table 17 : Bioremediation Factor (BF), Transfer Factor (TF) and Remediation Ratio of ~ heavy metals in

Jathropha gossypifolia.

BF TF RR
Element Location Exp Con Exp  Con Exp Coin-AA N
(d Aba-lgbira 1105 59 42 1205
Atinkankan 12 04 59 43 13 05
lgbehin 11 04 58 39 16 06
Moshood 12 03 57 44 12 04
Fe Aba-lgbira 0.05 002 42 46 0.06 0.03
Atinkankan ~ 0.05 0.02 41 47 0.05 0.02
lgbehin 005 002 44 39 0.05 0.02
Moshood 0.05 002 44 53 0.06 0.04
Pb Aba-lgbira 16 10 53 44 16 10
Atinkankan 15 10 50 50 15 11
lghehin 15 10 53 50 15 10
Moshood 1209 50 50 1.3 10
Cr Aba-lghira 04 001 37 56 03 01
Atinkankan 03 0.1 40 56 04 01
lgbehin 03 01 34 64 03 02
Moshood 04 01 36 64 04 01

Note: Aba -Igbira, Atinkankan and Igheh in are locations in Ado  -Ekiti while Moshood Road is major
dumpsite in Ikere-Ekiti.

Source: Awokunmi et af. (2012).

37



Bioaccumulation factor (BF), defined as the ratio of chemical concentration in
plant to soil and is used to measure the eftectiveness of plant in concentrating
pollutant into its aertal parts (Bolan ¢t al., 2006, Awokunmi et al. 2012).
Translocation factor (TF), on the other hand is the quotient of contaminant
concentration in root to shoot; and it is used to measure the effectiveness of plant
i transferring a chemical from roots to shoots (Awokunmi et al. 2012). All these
parameters ave iliustrated in Table 16. The BFs, TFs and RR values were found to
be greater than unity for Pb and Cd when Tg/kg EDTA was added to enhance
phytoremediation potential of the plant (Awokunmier al. 2012). Noticeably high
transfer factor of greater than unity was also observed for chromium and iron for
both control and experimental samples.  This plant was found to be a hyper-
accumulator of both lead and cadmium ions in the soil as shown from the
phytoremediation efficiency indices in Table 16.

Table 16: Concentration of heavy metals in the tissue of Jathropha gossypifolia grown on soi!.

Concentration in mg/kg.

Root Stem Leat Fruit
Element Location Exp Con Exp Con Exn Con Exp Con
Cd Aba-ligbira 70.3 40.0 48.1 16.6 279.6 112.0 89.7 37.7
Atinkankan 70.0 38.2 46.2 18.7 276.0 110.0 96.0 36.0
Igbehin 686 38.C 45.0 17.¢ 258.0 98.0 96.0 32.2
Moshood 66.. 32.0 40.3 16.2 247.0 96.0 95.2 30.0
Cr Aba-lgbira 16.2 6.8 18.0 11.2 26.0 16.2 18.6 10.8
Alinkankau 15.2 ©.7 17.0 11.0 25.6 16.0 18.4 10.8
lgbehin 15.9 5.6 16.2 10.6 22.0 15.7 16.2 9.6
Moshood 14.8 5.3 16.0 10.2 20.2 15.3 16.8 8.6
Fe Aba-lgbira 8.5 3.2 12.5 6.2 17.1 6.4 5.6 2.1

Atinkankan 8.2 3.0 12.2 6.2 16.2 6.0 4.8 1.1

Igbehin 7.0 3.0 17.2 5.8 16.0 5.8 4.1 1.9
Moshood 6.8 2.9 10.7 5.8 14.8 5.6 4.1 1.7
Pb Aba-igbira 72.0 42.0 84.0 40.2 180.0 96.0 112.0 48.0

Atinkankan 70.0 40.0 84.2 42.0 156.0 92.0 110.0 46.8
Igbehin 68.2 36.6 80.2 36.0 160.0 86.2 115.0 47.0

Moshood 66.0 32.0 80.0 33.0 136.0 84.0 112.0 42.0

Note: Aba-lgbira. Atinkankan and Igbehin are locations in Ado-EKiti while Moshood Road is major dumpsite

i lkere-Lkiti. Source: Awakunmieral. (2012).
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The Massmann's furnace is incorporated mto most atomic absorption
spectrometer using clectrothermat means of atomization (Price. 1983). The
tube dimensions are approximately 5.0 ¢cm or 50 mm i length and 5.0 to 6.5
min internal diameter with 2.0 mm hole in the middle of the tube for
introduction of 2.0 to 200 ul volume of hquid sample. The tube is supported
by water-cooled steel end-cones whicl make the electrical connections o a
low voltage supply(Frgure 3y (Price, FO83). The whole device is held witinn a
metal casing containing an ineri gas atmosphere. The operation cycle of this
system consist of four princtpal steps of drying at 100 "C, ashing or pyrolysis
at 400 to 500 "C, atomization of the mineralized restdue at 600 10 2500 °C and
cleaning/purging at temperature above the atomizaton temperature (Price.
1983). Therc arc three types of graphite tubes; uncoated. pyrolyucally coated
andtotally pyrolytic graphite tubes. The operation results in transient signal of
the analyte and both peak height and arca are used tor caleulation. he
mechanism of atom formation was postulated to be via dissociation o1’ oxider
or chloride for Al, Cd, Ca, Fe, Mg, Mn, Sb, St and Zn (Ottaway. 19703 on
other hand, atoms could be formed by the dissociation of carbides in case of
refractory elements like Al, Ca, Mo, Crand V. The advantages of this process
include the economy of samples in which 5 to 10 nl of sample can be
introduced to the furnace, better detection limit and sensitivity i parts per
billion, transient signals and reproductbility.

M
nn

Figure 3: Schematic diagram of Massmann Furnace.
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In operation; physical, spectral and chemical interferences are encountered.
Physical interferences tend to alter the shape and reproducibility of the
absorption signal. The causes are spreading of the droplets due to the viscosity
and surface tension of the liquid, occlusion, incomplete drying, atomization
and cleaning of the sample and accumulation of carbonaceous residue. This
can be tackled by repeated firing of the furnace after operation. The spectral
interferences arc due to the absorption of the hollow cathodc lamp radiation by
particles of matrix salt, scattering by salt particles and absorption by
undissociated molecules. All these lead to background absorption problem.
The spectral interference has been effectively curbed by various background
correction devices incorporated into the system. The chemical interferences
are condensed and vapour phases interferences. The condensed phase is due
mainly to the formation of carbides with some elements particularly the
refractory elements. This has been effectively tackled by usc of pyrolytically
coated tubes. Vapour phase interference results [rom the reaction between
vaporized components and analyte atoms thereby reducing the concentration
of free atoms produced. This is particularly encountered when chloride-rich
samples are analyzed. This is due to the release of hydrogen chloride gas
produced from the hydrolysis of MgCl1,.0H,O (Ottaway, 1970).
MgCl,.6H,0,MgO,, +5H,0,, + 2HCI -m-mmmmmmmmmmeaeen (3)

M () + HCl ()< MCl(g)+ Jalk (g) (4

The extent of mterference is subject to the temperature of furnace and the
extent of overlap of overlap of analyte and matrix species in the furnace.
Various approaches have been made to minimize this and these included
matrix modification to alter the chemical environment of the analyte, delayed
atomization through theuse of platform means of sample introduction.

Two approaches were proposed to combat this problem and these are;
modification of graphite tubes to enhance vapour temperature and probe
means of sample introduction.

A. Modification of graphite tubes to enhance vapour temperature.

In the conventional tubewall process, the atoms were found to be vaporizing
into a rather cool environment with insufficient vapour temperature.
Evaluation of graphite tube design (Fig. 3) was undertaken. The vapour
temperature was measured using the lead 2-line methods while the tube
temperature was measured at the centre and the ends of the tubc using optical
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has engaged the attention of concerned government, scientists and individual
worldwide. The use of living plant to absorb these metals inionic form has been
the basis of phytoremediation. Bioremediation is an allied technique using
microorganisms in this instance to absorb the pollutants. Plants that have been
identified as phytoremediators include water hyacinth (Eichhornia crassipes),
duckweed (Lemna minor) and jathropha (Jathropha gossypifolia and Juthropha
curcas) to mention a few. Soil from solid waste dumpsites in Ado-Ekiti and Ikere-
Ekiti vicinitics were collected and used in a greenhouse experiment to provide
nourishment for Jathropha plant in the university environment (UNAD). The
growth pattcrns observed and the concentration of a number of heavy metals like
lead, chromium, copper, iron, manganesc, cadmium, zinc, nickel cobalt and tin
was determined in the leaves, stem, root and fruits of this plant. The
phytoremediation potentials were determined using factors such as
bioaccumulation factor (BF), translocation factor (TF) and remediation ratio
(RR) to determine the efficiency. The result is promising for a number of
elements. In this instance, the discussion will be limited to response to cadmium,
lead, chromium, iron and zinc. The effect of EDTA solution on this process was
also evaluated.

The plant growth index used was the height at pre-tflowering, flowering
and matured stages. With application of EDTA on the dumpsite soils, the plants
attained at maturity between 105and 188 ¢m height. On the other, the control
plant attained a height of more than 120 cm. Noticeable yellowing of leaves was
noticed at the pre-tflowering stage of the plant (Awokunmi et al. 2012). The
amount of lead, cadmium, iron and chromium determined for the various part of
this plantis illustrated in Table 16.

From Table 16, it was obvious that the various parts of this plant
bioaccumulated the metals in question. The highest concentration of cach metal
at every location was found in the leaf for both control and experimental sample.
The concentration of each of the metal at every part of the plant was more in the
experimental sample due to influence of EDTA that facilitated more
accumulation. In fact, the concentration of metal accumulated by the
experimental sample was one and a half to three times of what obtained for the
control sample tn each part for each element. The concentration of the heavy
metal s were found to increase in the order of leaf> stem>root>fruit. The sample
Jathropha gossypifolia was found to have accumulated considerably high
contents of Cd and Pb in their harvestable sections (Awokunmi etal., 2012).

On the other hand the phytoremediation efficiency of the plant was measured by
bioaccumulation factor (BF), translocation tactor and remediation ratio.
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Acidified hydrogen peroxide (H,0,) was used to selectively leach out copper
from this complex ore, chalcopyrite. The conditions, mechanism of the process
and thermodynamic data were recorded (Adebayo et al, 2003, 2006a).
Optimum leaching of copper was achieved with 20% (v/v) H,0,, 6.0M H,SO,,
minimum stirring at 353 K. Shrinking Core model was proposed for this
leaching, while the Activation Energy of 39.0 kJ/mo! was recorded with
electrochemistry being at the heart of the leaching (Adebayo et al, 2006a). This
process was particularly important based on the level of potential gangle-
forming component of this ore. Similar feat was accomplished with the leaching
of sphalerite ZnS with hydrogen peroxide in nitric acid solutions (Adebayo et al.
2006b).

Another approach to hydrometallurgy is the use of solvents to

selectively extract metals form solution. This approach has been reported by
Obasekiet al. (2006} in the extraction of copper and zincions from agueous acid
sulphate solution using Tri-N-butyl phosphate (TBP). Copper ions were
effectively extracted at pH 5.0in presence of zincionsin acidic sulphate solution
using TBP. Increasing the pH to 7.0 there was effective in removing zinc ions.
Temperature of 32 °C was the ambient temperature of this exercise (Obaseki et
al. 2008).
Ojo and Ajayi (2013) reported the extraction of Mo (IV) ions in dilute HCl and
HNOQ, solutions with di(2-ethylhexyl)phosphoric acid (D2EHPA) dissolved in n-
hexane. The mechanism of extraction by both acids at pH 1.0—- 6.0 was found to
be majorly by cation exchange of Mo0,” for H' of the extractant (H,R,). Atlower
pH value, formation of neutral, unstable isopoly acid, H,M0,0,, or nM00,.2H,0
and MoO,” predominated. Solvent extraction at pH 1.0 — 6.0 was found to be
best for this ion. The efficiency of extraction from HCl was better than from
HNO,, making HCla better process acid.

Phytoremediation .

This is a green technology of removing heavy metals from the poliuted
soil, air and water by use of a living plant that grows on the medium. Man
through his various activities has generated wastes which are usually deposited
on the immediate environment. Heavy metals like mercury, cadmium, lead,
iron, copper etc. have been deposited on water and soil, and the presence of
these has altered the physical and chemical properties of the environments.
Heavy metals emanate from solid and liquid wastes, effluents, runoff,
agriculture, mining and domestic activities. Effort to clean such environment
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pyrometer. The changes m the vapourtemperature and surface temperature
were monitored using a software programme catled "Temp cale'. Philip's SP-
9 clectrographite tube coated with pyrolvtic graphite was modified by

tal B B e R

reducing the tube wall thickness at different sections along the length of the
tube (Figure 4) (Ajayteral., 1988 and Ajayiceral,. 1989).

Figure 4: Modified SP-9 Graphite tubes.

Modilied tube 1 (B) was created by shaving oft 0.5mm thick tayer of graphite
from 10-12mm mid-portion of the tube. This was intended to increase the
temperature gradient from the hottest section of the injection hole towards
the cool end of'the tube. The second design, Modified Tube It (C) was
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prepared by removing 0.5 mm thick layer of graphite from’s — 6 mm section
starting from 3 or 4mm from the end of the tube. This was to reverse the
temperature gradient in the initial few seconds of heating. The temperatures of
the tube centre and tube end were measured by focusing optical pyrometers on
these points. Interferences of 0.1% t0 0.5% (w/v) of MgCl, and 0.2% NaCl 5pl
of 50 pg/l Pb, 2 png/l Cd and 10 pg/l Mn were undertaken at the respective
atomization temperatures of ‘the elements. The surface and vapour
temperature profiles of the three tube (unmodified and n:odified) are shown in
Figures 3 — 5. From the Figures. It was evident that both the surface and
vapour temperatures experienced by Modified Tube Il were higher than what
obtained for the other tube. Table 4shows the depression of analytes signals by
these chloride salts.

Table 4: Depression of Cd, Pb and Mn signals of AAS in the presence of NaCl and MgCl,.

Depression (%)

Cd 20pg Pb0.5ng Mn 0.1 ng

MgCl, 500G  MgCl, 50 L& Nali20ug MgCL10 MG

~ SP-9 Tube height area Height Area Height Area  Height Area
Unmodified 50 46 48 54 39 41 48 61
Modified | 78 56 89 92 59 69 46 62
Modified lI 34 35 44 34 24 21 36 33

Source: Ajayietal., (1989)

The depression was relatively cast for Modified Tube 11 for cach of
the analytes. Modified tube Il was apparently the best design, but
might not be profitablc in terms of lifespan and production cost (Ajayi
ctal., 1988 and Ajayi ctal. 1989). The next approach was to introduce
samples into isothermally heated furnace by means of graphite probe
as obtained for the L'vov's furnace. This forms the basis of the next
discoursc.
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Hydrometallurgy is an economic and efficient, cost effective procedure of
extracting metals from their ores using solvents. This procedure is particularly
useful for the extraction of lean and complex ores. With the dwindling of high
grade ores globally, and the attendant cost of pyrometallurgical processes, it is
desirable to apply hydrometallurgical processes. For this process, high level of
extraction has been achieved and reported (Gosh and Ray, 1991; Adebayo et
al., 2006a). The observed limitations of pyrometallurgy include being energy
and cost-intensive process, formation and disposal of slags, release of gaseous
pollutants to the environment and formation of thermodynamically stable
matters that limit metal extraction (Gosh and Ray, 1991; Adebayo et a/, 2003,
2006a). High oxidation potential is desirable for successful hydrometallurgical
processes. Chalcopyrite, CuFeS,, is a complex ore with some gangles. Since
hydrometallurgy is a process of leaching lean ores and having been found to
overcome some shortcomings of pyrometallurgy; was a process of choice for
the extraction of chalcopyrite. The ore was chemically characterized by various
analytical techniques. The findings are as shown in Table 15.

Table 15: Composition of a Nigerian Chalcopyrite sample.

Element/oxide Composition (% w/w)

Cu 32.49
Fe 17.04
Sio, 13.97
s 11.91
Al,O; 5.98
MgO 0.78
CaO 0.90

Source: Adebayo et al. (2006a)
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Table 14: Comparison of element concentration ranges in Nigerian tobacco
and cigarettes and Egyptian cigarettes.

Concentration in ?g g*

Element

Al
Sc
\
Cr
Mn
Fe
Co
Ni
Cu
n
Ga
As
Rb
Sr
Y
Mo
Ag
Cd
Cs
Ba
La
Ce
Nd
Sm

Eu

Nigerian tobacco

139-524
0.73-1.29
0.04 - 8.60
0.92-16.4
53.3-150
191 - 2240
0.53-1.91
1.08-4.17
3.59-228
18.9-43.2
2.11-13.7
0.02-0.04
28.7-136
37.3~170
0.12-2.83
0.57-511
2.06-7.03
0.08 ~ 0.95
0.007 - 0.29

45.2-385

0.49-8.25
0.89-134
0.24-5.35
0.07-0.92

0.01-0.14

Nigerian cigarette

216-528
ND-2.79
0.06 - 1.66
1.28 - 3.86
113 - 144
257 - 744
0.65-1.68
2.04-6.32
7.32-26.4
21.6-34.2
2.74-4.98
ND-0.14
20.1-51.7
97.3-123
0.41-0.81
0.92-49.7
ND-ND
0.29 -0.91
0.06 -0.15
81.3-144
1.61-28.3
1.04-2.64
0.60-1.29
0.11-0.25

0.02-0.07

Egyptian tobacco

504

ND

4.11
110

787

12.6
31.2
2.4

0.18
19.7

100

0.88
0.15

0.03

ICP-MS detection limit

(7/1)
0.04
0.01
0.009
0.008
0.009
03
0.005
0.009
0.008
0.01
0.01
0.1
0.009
0.008
0.008
0.01
0.01
0.009
0.003
0.008
0.002
0.002
0.008
0.006

0.003

ND = notdetected ordetermined or below the detection limit.

Source: Oladipo et al. (1993).

32

B. Evaluation of automatic probe device for electrothermal atoniic
absorption spectrometry.

The probe device consists of a graphite strip containing the sample being
inserted into the pre-heated furnace for atomization. This was intended to
mimic the L'vov's furnace that effectively minimized vapour-phase
interference. In this system. a 6.0mm internal dimension tube preferably a
totally pyrolytic graphite tube usually designed to have slot under the
injection hole to accommodate this strip ol graphite known as probe. The
temperature programme is such that drying and charring of the sample takes
place inside the tube. The probe is removes before pre-heating of the furnace
to the desired atomization temperature. As soon as the temperature is attained.
the probe is re-inserted to the furnace to atomize the sample. The pioneering
work was donc by Giri ¢z «/. (1983 ). The exercise involved the determination
of a number of elements in certified reference samples. The results as shown
in"Tables Sand 6.

Table 5: Determination of eclements in Seronorm and Lanonorm
reference urine by probe ETAAS.

Probe ETAAS

Concentration

Assigned concentration

Sample Element Dilution factor
pg/dm’ pg/dm’
Seronorm Cd 5 5.5+0.9 5.7
Cr 2 21%2 21.6
Co 2 114 10.6
Mn 2 20+1.5 20.0
Ni 2 3616 36.0
Pb 5 102+29 102.0
Lanonorm 2 Cd 10 95+7 94.0
Co 2 43+8 40.9
Ni Neat 29+3 31
Pb 2 121+9 126
Lanornom 3 cd 10 3716 38
Co 2 13325 147
Ni 2 72+11 71
Pb 10 552+66 548

Values based on integrated absorbance; + one standard deviation.
N = 10 for Pb and Cd: n= 8 for other elements.
Source: Ajayietal., (1992)
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Table 6: Determination of Cd and Pb in Kontrolblut-1 by probe ETAAS.

Concentration in pg/dm3

Probe ETAAS Assigned concentration
Element Concentration RSD(%)
Cd 2547 24.1 30
Pb 415440 9.6 412

Source: Ajayiefal (1992)

The probe system of atomization due to appreciable vapour
temperature experienced by the atoms was able to minimize vapour
phasc interference. This is evident in the analysis of the three certified
reference samples the indication of its analytical figures merit as
close to the assigned values were determined for the elements (Ajayi
etal.. 1992)

Chemical Technology Research.

in 1987, the erstwhile Leather Research Institute was renamed the National
Research Institute for Chemical Technology with expanded mandate for
research into chemical technology with leather inclusive. The rescarches
undertaken included the production 1 hvdrated hime and some other
derivatives from himestone, production of alum from kaolin, evaluation of
gypsumand alook into Nigerian Tobacco and cigarctie products.

Inorder to produce hydrated lime from limestone. there was a need to build a
calcination kiln. Fo accomplisn tins, refractory bricks nad to be produced. The
refractory brick was produced from kaolin and sawdust and ithe moulded
blocks had to be calcined at high temperature. The pictures of *he kiln along
with the bricks and their raw materials and produets are shown Plates | - 3.
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Formerly, the Company was known as Nigeria Tobacco Company up to year 2000.
The raw material was sourced locally throughout Nigeria. There used to be
tobacco plantations located in Soba, Guma and other places nationwide where
the raw materials were procured. Tobacco (Nicotiana tabacum) is animportant
raw material for the production of smoke-able cigarette and tobacco snuff. It
was introduced from North America and has become a household plant. The
leaves when harvested and cured are used in Tobacco Industries. The cultivation
is nationwide and raw materials are obtained from plantations and local farming
communities nationwide. The dried leaves were collected and analyzed along
with the cigarette products both in Nigeria and overseas. The intention of this
exercise was to evaluate the effect of fertilizer application on the raw materialas
well as the product. Inductively couplied plasma-mass spectrometer, a multi-
element technique wasemployed inthisexercise (Table 14).

ND = not detected ordetermined or below the detection limit.

Source: Oladipo et al. (1993)

From the Tabie 14 below, thirty elements were detected in measurable
concentration in all these samples. The detection limit of the elements as
measured in this instrument wasvery good in order of part per biilion {p.p.b) or

{t was observed that the concentration range of tobacco leaves was wider
g{'fie(n that of the cigarette for each element. This could be attributed to the soil
conditions; soil geology, fertilizer and pesticides applications. The difference
between Nigerian cigarette and Egyptian product was not much in terms of
metal contents except that the concentration of each metal was slightly higher
than what obtained for the Egyptian’s (Oladipo et a/. 1993 and Ajayi, 2001).
Other comparisons were made asreported by Oladipo et al. {1993).

Hydrometallurgy

Traditionally, metal smelting used to be through carbon reduction in smelting
furnaces. However, with dwindling mineral resources, lean minerals from
worked-out mines, rising energy cost and accompanying environmental
probiems from dusts and flue; the need to extract minerals tnrough an
ecenomicai process arose and hydrometallurgy came into the fore.
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Table 13: XRF analysis of some limestone samples used in operation of WAPCC.

Parameter LoC1 LOC2 LOC3 LOC4 LOCS
Na,0 (%) - - - - .

MgO (%) 0.46 0.50 - 1.47 0.74
AlL0; (%) 0.69 0.78 0.61 1.30 0.74
Si0; (%) 3.15 9.44 5.38 6.21 6.24
505 (%) - - - - -

K0 (%) 0.10 0.05 - - 0.05
Ca0 (%) 51.02 47.91 53.42 50.93 50.04
Fe,03 (%) 1.23 0.96 1.02 1.02 1.02
Purity (%) 91.20 85.55 95.39 90.94 89.36

Source: Ajayi and Dugbe (2004).

The purity of the limestone samples determined ranged between 85.55% and
95.39% for the assembly line stocks for the factory operation. Some of these
stocks were obtained from the company's quarry while some came from other
quarry suchas Mfamosin in Akwa Ibom State. The recycled dust used as certified
reference samples; DRPA, DRPB, DRPC and DRPD were being used during the
period of gypsum importation ban of 1994 to 1999. The cost of transporting
gypsum from Yobe, Gombe and Bauchi States was a hindrance to WAPCO
operations during the period in questions hence the use of recycled dust.

Analysis of tobacco and cigarette

There are two Tobacco Processing Industries in Nigeria presently
namely Nigeria-American Tobacco Company located in Ibadan and Zaria.
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Plate 1: Calcination kiln with raw materials;
' sawdust and kaolin beside it.

Plate 2: Refractory bricks; fresh bricks (white), burn bricks
(brown)along with raw materials; kaolin and sawdust.

Plate 3: Calcination kiln in operation at the National Rescarch
Institute for Chemical Technology, Zaria.



The calcination kiln using kerosene burncer was able to attain a temperature up
to 1200 °C that was sufficient to break down himestone to its desired product
of quick lime and carbon dioxide. In 1998, when Numan Sugar Industry was
about to be resuscitated, the industry approached the Institute (NARICT) to
build a simiiar kiln in Numan to facilitate the production of hydrated hime in-
housc for its operation.

The production of hydrated hme involved the hydration of calcium oxide
(Ca0). Calcium oxide or quicklime is a product of calcination of mestone
CaCO,at high temperature and this was why a calcination kin was built using
kaolin and sawdust as raw materials for production of refractory bricks. The
reaction is highly exothermic and this was why the CaO 1s called quicklime.
CaCoO,..Ca0+CO, -m--mmmmmmmmmmmm oo 5

CaO+H,0— Ca(OH),------=-mmmmmmmmm o m e o 6

Kaolin for making the bricks was obtained from Kankara in Katsina State.

There was a need to know the chemical composition of this kaolin sources.
Hence, the chemical analysis of the kaolin and its potential application as a
raw material for alum production. This forms basis of th=2 next discourse.

Analysis and potential application of kaolin as a raw material for alum
production.

Kaolin is a silicate mineral of clay with chemical formula Al {OH),[Si,O). Itisa
white solidrand this is formed by the decomposition of granite (Lee, 2008). It
is a raw material for paper manufacturing as paper filler and as refractory.In
1992, about 22.5 million tonnes was produced annually worldwide with U. S.
A. being responsible for 41% of production (Lee, 2008). Kaolin occurs
nationwide with reported deposits in Katsina, Sokoto, Zamfara, Ondo and
Ekiti States. In this exercise, Katsina deposits of Kankara, Batsari and two
others were used. The kaclin samples were examined using a sample-
nondestructive technique of x-ray fluorescence facility of the Centre for
Energy Research and Training (CERT) of Ahmadu Bello University, Zaria. The
samples were evaluated along with the certified reference material;
Obsidian Rock 278. The results of the analysis are as shown in the Tables
below.
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The Reference samples used were gypsum dust being used for the quality

assurance of the X-ray Analyzer Model QX XRF. The gypsum reference samples;
DRPA, DRPB, DRPC and DRPD, had purity ranging between75.6% and 88.06%
(Table 11). These samples were basically gypsum dust and were being used to
complement the local gypsum during the period of ban on importation (1994 to

1999).
Table11: Analysis of Recycled Dust Standard Reference Samples.

Parameter DRPA DRPB DRPC DRPD

Na,O (%) 0.02 0.03 0.03 o.ozﬁ -
MgO (%) 0.68 0.68 0.68 0.54

ALO; (%) 2.30 2.35 2.30 115

SiO, (%) 9.95 10.0 9.90 5.85

SO, (%) 32.5 35.1 35.3 40.9

K,0 (%) 0.23 0.23 0.23 0.10

Ca0 (%) 31.2 311 31.1 31.3

Fe,O, (%) 1.4 1.4 1.4 0.6

Purity (%) 75.7 75.6 76.0 8 06

Source: Ajayi and Dugbe (2004).

Table 12: Analysis of Gypsum samples.

Eiigmeter Pzn,;oga 7<jombe Sokotg— ln?porle?léyﬁ&;n? Fiiwvallr.';n‘dih
Na,O (%) 0.02 .00 0.1 0.00 70317
MgO (9%) 0.54 0.56 0.54 0.57 0.60
AlsO5 (2%) 1.55 1.56 1.19 .14 0.81
SiO, (%) 3.85 5.08 4.00 0.37 2.68

SO, (%6) 40.96 40.15 40.00 44.73 38.66
K,O (%) 0.10 0.13 0.15 0.01 0.40

CaO (%) 31.30 29.45 30.20 32.36 32.61
Fe.0s (%) 0.60 .59 ©.49 0.01 0.30
Purity (%) 88.08 86.32 86.0 a96.17 83,12

Source: Ajayi and Dugbe (2004).
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It was evident that the performances of the alum samples were at par with
the commercial samplesin the treatment of highly turbid tannery effluent.

Gypsum and limestone

Portland cement is one of the building materials used in construction
industries. The raw materials for production of cement include limestone,
calcite, marble, gypsum as clinker and clay to mention a few. The use of
cement in the building industry dated back to the Roman Era when concrete
consisting of broken stone with burnt limestone as binding medium {Kirk-
Orthmer Enclyclopaedia, 1992, Microsoft Encarta, 2003). This form of
construction material was called 'Opus Caementum'. Later on, a term
‘Cementum’ was used to denote that admixture of lime, brick dust and
volcanic stuff {Austen, 1984, Stocchi, 1990, Kirk-Orthmer Encyclopedia.,
1992). Evidences of cement usage can be found in various Roman
architectures like 'The Pantheon'; a circular temple in Rome builtin 120 A. D.
{Stocchi, 1990,Kirk-Orthmer Encyclopedia., 1992, Microsoft Encarta, 2003).
The development of cement over the ages was a continuous process until
the present 'State-of-Art' product available today was accomplished. There
are many patents of Portland Cement, a typical example being the German
Standard DIN 1164 which defined cement as a finely ground hydraulic
binding medium for mortar and concrete (Microsoft Encarta, 2003). This
patent prescribed the constituents as compound of CaO and Fe,O, formed by
sintering or fusion (Microsoft Encarta, 2003). These components are usually
derived from limestone, clay and gypsum. In this treatise, the analysis of
limestone and gypsum is discussed. Limestone is chemically CaCO,,
occurring globally. Gypsum, CaS0O,.2H,0 occur widely in Nigeria, particularly
in Goronyo in Sokoto State, Ashaka, Bajoga and the environments in Gombe
State and in Fika, Yobe State. Gypsum is used as clinker in cement industry. In
1994, the Federal Government of Nigeria banned the importation of gypsum
as raw material in cement industries. This resulted in the use of local supply.
Some of the local samples used formed the basis of this discourse. Analysis of
gypsum samples from Gombe, Thailand, Goronyo, Bajoga, imported stock
(1G) and Bauchi were analyzed using x-ray fluorescence facility of WAPCO
Cement Industry, Shagamu (Table 12). Similarly, the limestone stock of this
industry was also subjected to analysis. The concentrations of the detected
elements certified reference samples as well as the real samples of gypsum
andlimestone were calculated as their respective oxides.
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Table7: Result of X-Ray Fluorescence analysis of certified Reference Material Obsidian Rock 278.

Element Certified value This work This work/Certified value
Si (%) 34.0 33.6 0.99
K (%) 3.44 3.98 1.16
Ca (%) 0.70 0.77 1.03
Ti (%) 0.15 0.17 113
v 15.0 149 0.99
Fe (%) 1.05 125 1.19
Co 1.50 1.68 1.22
Zn 55.0 734 133
Rb 127 123 0.97
Sr 63.5 62.2 095
Y 41.0 418 1.02
I 295 2% 1.01

Concentrationin pg g (ppm) unless otherwise stated

Source:Adesinaetal. (2003).

The result shown for the analysis of this certified reference material
(Obsidian Rock 278) showed good agreement between the certified values
and what was obtained from this analysis. From this result, it is evident that
the result obtained can be relied upon for accuracy, reproducibility and to
some extent, precision.

Analysis of kaolin from these Katsina State deposits was similarly
undertaken with XRF and the resultisasshownin Table 8.
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Table 8: Result of XRF analysis of Katsina Kaolin.

-Element Kaolin S1 Kaolin S2 Kaolin S3 Kaolin 54

K{%) 7.49 6.62 7.45 8.0
Ti(%) <0.33 <0.34 <0.31 <0.38
\Y 54.7 64.0 45.5 610
Ca(%) 0.33 0.33 0.39 0.42
Fe(%) 0.10 | 0.1 0.14 0.14
Zn 65.50 9Q.10 89.30 90.0
Pb 84.50 76.0 139.0 174.0
Y 31.20 40.60 46.7 22.20
Rb 313 32.10 53.30 38.60
Zr 103.0 137.0 131.0 133.0
Sr <i5.7 93.50 40.0 37.30
Si{%) 14.70 17.30 15.30 14.90

Concentration in pg g'1 {ppm} unless otherwise stated
Source: Adesina et ¢f. (2003).

The major components were siiicon, potassium, iron and calcium. However,
aluminium, a major eiement was not determined because the system was
not calibrated for this elemer.t. The kaolin was eventually used in production
of alum in the form of a double salt, KAI{SO,),.12H,0. Four approaches used
were the preparation from kaolin, aluminium scraps, blend of kaolin with
aluminaand a blend of kaolin with aluminium scraps. The products cbtained
were analyzed for purity usin'g classical methods and theresultisasshownin
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Table 9.

Table 9: XRF Analysis of alum products

Alum product K (%) : Cal%)  Si(%) Sr I
Kaolin 27.84 0.24 <11.65

Alumina: Kaolin (20:10) 14.96 o a6

Scrap 8.28 0.44 <16

Kaolin: scraps(30:4) 12.50 0.049 <15.8

Commercial 1

Commercial 2 - - - 78.6 723

Cencentration inyg/g (ppm) unless otherwise stated.
Source: Adesina et a/ (2002).

The in-house produced alums were basically double salt with potassium, silica
and calcium as detectable elements, while the commercial product is -
aluminium sulphate with traces of strontium and zirconium. The best samples
were obtained from blend of kaolin with either alumina or with scraps at ratio of
30:20 and 30:4 respectively. However, the use of kaolin should be restricted to
its traditional application in paper and refractory industries.

When these products were used to treat high turbidity tannery effluent, the
following parameters were compared; turbidity, atkalinity, pH and electrical
conductivity. The results for 30 mg/| solution on 10 litres effluents are as shown
in Table 10.

Table 10: Performance of alum preparation on treatment of highly turbid tannery effluent.

Sample Turbidity pH Alkalinity {mg/1) Conductivity {10” pmoh/cm’)
Raw Effluent 468 3.15 300 4.5

Kaolin alum 461.0120.3 3.63 2063.9 2.310.2

Kaolin:alumina ~ 460.4£0.35 3.58 24616.0 2.310.3

Kaolin:scrap 463.310.33 3.55 188.617.4 2.330.2

Scrap alum 467.8+0.3 3._65 T 2144 2.20£0.1

Commercial 1~ 55140.54 3.59 212.244 4 2.610.3

Commercial 2 550:031 3.5 209.444.1 270403

Source: Adesina et al. (2003b).
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