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ABSTRACT

The probl ens encountered in the anal ysis of soils, deconposition
of refactory materials and nmet hods of determnation of elenents are
revealed in a literature survey. n the basis of previously reported
work, Differential Thermal Analysis, X-Ray, Cation Exchange Capacity,
glycol retention properties and chemcal anal yses have been enpl oyed
to identify and quantify the clay mnerals and elenents present in
each soil sanpl e.

The deconposition of the sanpl es was by sodi um peroxi de f u-
sion and the different methods used in estimating the concentration
of the elenents in solution are descri bed.

Some Ngerian soils were collected and separately anal ysed
to determne their elenmental and m neral ogi cal constituent.

Fromthe results of Dfferential Thernmal Analysis, nontnoril -
lonite and kaolinite are the domnant clay mnerals. This was con-
firmed by the results of X-ray analysis. The percentages of nont-
norillonite for all the sanples lie between (6.1 - 83.4% while
kaolinite was (50.6 - 100% . |Illite was present in four sanples
Bakura, Wase, Kongo and Sul eiman Hall soils, although its concen-
tration in each was relatively low (1.9 - 16. 3% .

The constituent el enents were determ ned using Atom c Absor p-

tion Spectrophotoneter and chem cal nethods. Generally, the

major constituents for all samples are silica, and aluminium.



Vi
The concentration of silica and alumniumin all the sanples are
relatively high, Si0O; (43.10 - 51.25% and Al (4.89 - 10.05%.

The concentrations of Fe are greater in the latcritic and
the Area E soil sanples. Al such soil sanples have | ow Fe (16
89 - 22.59% contents. The Maiduguri black cotton soil has greater
anmounts of SO (51.25% and Al (10.05% . The concentrations of
elenents in all other sanples follow simlar trends.

These results indicate that the kaolinite containing soil
sanpl es could be used for construction works, but because of the
lowiron contents of the sanples, nodifications .nay be needed
when used for the production of clay products. These soils cannot
however be economcally exploited as sources of iron and al um ni um

in the foreseeabl e future.
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CHAPTER I
1. INTRODUCTION

The properties of any soil depends mainly on the mineralogical
and chemical composition, the texture and arrangement of particles
and the effects of environment(1). Civil engineering embraces the
analysis, design and construction of a diversity of structures
and systems. All of these facilities, for example, buildings,
dams, tunnels, highways, airfields, bridges, clay bricks etc., are
built on, in or with soil or rock. Thus.the behaviour of the soil
and rock at the locations of any project and the interaction of the
facility have a major influence on the success, economy and safety
of the work. The minersloqgy of soils can be considercd founda-
mental to the understanding of the geotechnical properties, even
though mineralogical determination are not made for many geotechni-
cal investigations.

Mineralogy controls the sizes, shapes snd surfacc characte-
ristics of the particles in a soil, these fPeatures together with
the interactions with the fluid phases determine plasticity, swel-
ling, compression, strength and hydraulic conductivity bchaviour.
Mineralogy is related to soil properties in much the samc wav as
the composition end structure of cement and aggregatocs are to con-
crete or as the component and crystal structure of stogl arc to its

strength and deformability.
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Most of the developed countries like Israel and Romania have
placed much emphasis on clay brick industry in the last tuo decades.
Nigeria is beginning to appreciate the enormous potentisls of clay
bricks as an alternative or at least a supplement to cement in the
building industry. It is therefore not surprising that cofforts are
being made for the establishment, at least, of a brick industry in®
cvery state in the Federation. For an effective implementation of
such a programme, @ knouledge of the mineralogical composition of
tho potential soils, through a careful analysis is a nccossary
prerequisite.

A survey of work donc on Nigerian soils has shown that not
much attention has been given to the analysis of clay and other
minerals by her soil scientists and engineers except porhaps the
little efforts made by the mines division of the Federal Ministry
0f Mines and Power. This division is preoccupied with government
burcaucracies and is not in any position to readily provide the
much needed reliable information on our mineralogical and other
suil propertics. These coupled with the number of samplos scent
to the Department for analysis, and the enormous amount of some
Nigerian soils from different locetions in the Department of
Civil Enginecring, prompted the present investigation into the
analysis of Nigerian soils.

The constituent particles of soils are grouped on the basis
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nf size unit - clay, silt, sand and gravel etc. Each size fraction
contributes different properties to the soil. The brhaviour of
snils consisting of larger particles can be classificd using the
methods of mechanics but most of the problems in soil ecngincering
practice esre posed by clay soils whose behaviour cannot be succes-
sfully described by the methods of mechanics. Two clay soils with
th: same grain size distribution can have very diffcront colloidel
properties depending on their mineralogical nature. Thoso varying
characteristics will lead to differences in engincering behaviour,
sa0 a knowledge of the mineralogicel composition and probably ﬁnn-
crystalline chemical composition of a soil can be of groat value
for understanding enginecring properties and aid in cvaluating
solls in relation to classification and agronomic proporties (2).
Evaluating soil minerals can be achieved by careful analysis with
th~ 8id of selected analytical techniques.

In evaluating anayltical techniques with respoct to their re-
lative utility for a given problem, the principal factors grneral-
ly considered are selectivity, sensitivity and speed. Scloctivity
is the ability to detect and determine one substance in tho pre-
scnce of others which are associated with the desirnd constituent
and which might be expected to interfere with its idontification
and determination. Sensitivity genesrally depends on tho concen-

tration of the constituents present in the samplc. Th @ degree
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tf accuracy required depends on the intended use of the snalytical
lata, the availability of relsvant faciliti: s and axprricencud man-
wurr.e 1t is the desire of thn anelyst to strike a rcasonable ba-
.ance betwern thegse factors, which will result in lou overgll cost
. time and matrrial vith a minimum of chemical procressing and
saparation of the constiturnt clements before meking the Tinal &s-
simation. 1In analytical chemistry, resparchers hav:: continued
;0 dircct their efforts towards the discovery, development andg ime
wovement of methods for obtaining ropid and relicble resulis. Raj
igagaemuntal methods arc plaving important roles in chewmical analy:
Anglysing for s=oil clay minersls is e difficult oxcurisn.
‘his is becausc soil clay minecrals do not display th: ¢nll defined
wrpherties of pure spreimen minerals. Presencr of nth;r componcente
:0 a high degree of interstratification lead to distortion, poor
srystallinity and glso different surface change properiics.  Teche
dques for selective dissolution of selected mincrals do not dis-
:inguish what in cffect, are large balancing cations asccording to
:he mineralogical natur- of the materials with which thry arc as-
socisted (3). Such procodurcs alse bring about th® solution of
liscrote amorphous and other crystalline minerals (&).

Analysis of elemental composition also pose some probloms due

mincrgl sprecics and quantitative cstimation of their proportion

in such polycomponent system usually require the applicati :::‘
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several complementary qualitative and guantitative or at least
semi-quantitative analyses.

Some of the most useful wmothods that may be cmploynd for the
dotermination of mineralogical composition of soils are cation-
exchang: capacity test (EEC), glycol or glycirol adsorption mea-
surcments, X~ray diffraction analysis, thermal analysis tochnique,
total elemental snalyses, differentiasl dissclution tochnique and
chmical analysis (5). All except total elemental anelysis and
diffrrential dissolution techniqur were employed in this invosti-
gation.

The principles of some of the methods of analysis ar: discus-
sed in detall berlow.

Cthylene Glycol R: tention

The gbility to interact with polar liquids is onc of thr most
foundamrntal propertics of clays. Deata on this intoeraction should
aid in understanding the adsorption characteristics of soll) clays
and in identifying mixed layor clay minerals in soils (6).

Retention of athylene glycol by clays which hav: born hoated
so as to prevent interlaeyor swelling serves as a measurg of exter~
nal surface area while retention by unheated samplos proimit csti-
mation of total surface arca. In any case, the ethylen: glycol
rotained by unheated clay iIn excess of that obtained by a corres-
pondingly heated sample is probably a useful index of inter layer

stiglling. The above method is only applicable providid mincrals
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which absorb glycol brturen the structural units are not prosont.
Vermiculite and cndelite (the hydrated form of halloysito) ars
minurals which adsorb only one layer of ethylens glycol boteesn
th: structural units., The prraence of these minerrals in samples
causns values obtained to br low. Use of the mothod as an index
fdr total surface area, therefore, requiree prior knorvledge of
thc gbsence of vermiculitc and endeslite. For practical applica-
tion of the method it wvould be of great advantage iT e procedure
suitable for quantitative rstimation of various clay minufals oc-
curing in mixtures both ¢ith and without interstratitication is
avallable.

Dyal and Hendricks (7) proposed a simple gravimotric mothod
which makes use of two layer solvate formed by glycol reotention
for tho determination of internal swelling, and in a latur paper
Dyal and Hendricks (B) presented evidence that glycol rotention
is morc reliable than X-ray reflection intensitics oven vhore a
sample is dominantly montmaorillongid.

Improvements of the Dyal and Hendricks methods have bosp made
in recent yrars. Martin (6), and Bower and Gsch:i:nnd (9) have
described methods with some modifications of the Dyal and Heondricks
method (7). Briefly, the methods consists of wetting a dricd,
weighed sample of clay soil 1ith glycol, and the subscguint removal

nf sxcess olvenl by vacuum distillstinn with anhudeniis Cr)oium
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Chloride as absorbrnt until as indicetrd by a low rate of loss of
glycol only a monolaycr rowmains, The amount of Qthylcono glyeol

v cbaincd or adsorbed by soils and clays can be driirmincd gravime-
trically or by titration (40). Gravimetric method involvtSs a simple
gif¥crence in wright wherras the titrgtion method consistsof ti-
trating the cthylene glycol rrtainrd sgainst standerd sodium thio-
sulphate solution. Some data obteined by these mcthods Tor some
clay minergls are shaown on Appendix A,

Dation Exchange Capacity (CEC)

The cation exchange capacity is & measure of the dogree of
subgtitution of one cation by another in theo crystal lattice and
it can also be an aid in detrrmining quantitativ:ly the mincralo-
oical composition of clays (11). Three sources of oxchangn cape-
city in clays shave been identified (12):=-

b in tho silicat e sheet

(i) Isomorphous substitution - AL"* for Si
and Mg2+ for H13+ in the tetrahcdral sheet art most common
forms. Balancing cations are attracted to cliosvann surfaces.
This is the majar source of oxchenge except possibly for
Khaolin minerals.

(ii) Broken bonds ~ the charge deficirncies owing to brokoen bonds
are comprnsated by exchargeable ions located on the. broken

edges. and non-clegvage surfaces. The importance of this

contribution increases with decreasing size. It may bo the
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major cause in Kanlin and contributes 20 per cont of the totel
smectite.

(iii) Replacement of the hydrogen of an exposed hydroxyl hy an

nxchange cation.

Many mcthads have bern cstablished for the dot rmination of
CtC. Among thosr reported ars the ammonium chlorid: m thod (13,
1, 15). Pratt and Chapman (16) have also reportcd th:: barium
nhloride method. These methods involve saturating tho soil vith
th:: cations of these salts and determining their adsueptin by
chemical methods such as titration. Methods applied diponds upon
th: considerations of the analyst, as rach method has its oun
associated problems. This investication employed tho barium
chloride method of Mehlich (13) reported by Pratt and Chapman (16).
The principl: is very simple. The soil is leachrd with a mcasured
amount of triethanolamine containing barium chloride. Tho barium
saturated spil is used for the determination of the cation-e:xchange
capacity. The excess barium chloride is removed with distilled
water and the adsorbed barium is replaced by calcium chloride and”
detormined colorimetrically using potassium chromatc.

The CEC is equivalent to total charge of the clsy and identical
with the excess cations in the double layer at very low clectrolyte
concentrations (5). The smaller thz particles of a minrral the

higher is the CEC. Particle size has no effect on tho CiC of
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montmorillonite and vermiculite but has on those of haolinite, hal-
lysite and micas (5).

Because the amount of exchange capacity depends on the afore-
mentioned factors & given clay mineral does not have a Tixed single
valur of exchange capacity. Typicel ranges of exchango cepacity
arc summariscd in Appendix B,

A=fay Diffraction Method

X~ray diffraction analysis is one of the most uscful mcthods
of soil anelysis. Hadding (417) and Rinne (48) vero tho Pirst to
apply X-rays io the study of clay mincrals, and Hundricks and Fry
(19) and Kelk.y et al (20) were the first to demonstratu that soil
clays contain crystalline mineral .components that yinld X-ray dif-
fractiaon patterns. Investigations of the structurn, proportics,
and nccurrence of soil clay minerals by X-ray difvraction mothods
haWebreeome & major techniguesin soil science.

A systematic and periodic arrangement of atoms in a three-
dimensional array is one of the characteristics of crystal struc-
ture. The diffraction involves the scattering of tho Jeray by the
atoms of a crystasl and feinfnrcement of scattered rays in definite
direction away from the crystal. Quantitatively the rocinfnrceoment
of the scattered rays is related to the distance of suparation of
the atomic planes as defined by the Bragg equation,

nA - 2 dsin @
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vhoere O

d

A. + wavelength of rays

\]

criticsl angle at vhich the rays azr scattored

I

interplaner spacing

and n an interger.

g is a distinctive characteristic of a particular mingral
(5, 12, 21), and the method is particularly suited for ideontifica-
tion of clay minerals because the first order roflection spocing
d(001) is characteristic for each mingral group (5, 12).

Centinued imprnvement; in X-rgy identification, tochnigques
ot sample preparation gnd difinition of criteria for idontification
and characterisation of clgy minerel species in rzcont ycars have
advanced the Tield of clay mineralogy to speint vhors mincralogicsl
analysis yicld$a wealth of information relative fo th: proporties
and genesis of soils. X-ray diffraction has contribut d moro to
minnralogical characterisation of clay fraction of soil than has
any other single method of analysis. Despite thes Tacts, however,
mrthods of guantification ars still facing many probloms (22).

Elark and Reynolds (23) were among the first poopl: to attempt
to determine the percentagss of minsrals in natural mitur s. Hov-
nvir, the report of Johns, Grin and Bradley (2t), providod the
basis for many of ths semi-guantitative detcrminations latur re-
portsd in the grologic literaturc and is the stsndard gonerally

for which other modified m:-thods bave developed.
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Among the modifications aftthe caglculation techniques of thesc
workers (24), arc those of Schutz (25), Criffin and Goldheorng (26),
giscaye (27), Meade (28), Neiheisal and Weaver (29)., Othor dorks
dealing with the same topics have appeared in intornational geo-
logical literature and many others treating such mothodology appear
in soil science publications (30, 31). It is obvious from this
brief appraisal that a confused situation exists boeause thore is
no standard method being used in the celcuation of thi quantita-
tive or semi~-quantitative amounts of clay minerals in sodimonts
and sedimentary rocks.

It must be noted, howver, that although calculation methods
differ and gives significantly different results if usudy 3ith the
same diffractagrams, each mrthod is internally consistent for
a oilven study and can give resulte that suggest grological trends.
A major problem ariscs, however when. pttempts arc made to compsre
trends from different areas, based on the semi-guantitativc amounts
which eore cslculated using dissimilar methods. Wheguwabient Shen
han  Newd ¥0E boamde e differmnces W WDERSN GUOMIGROEDYY meaning-
Anvon th Wy reflest s asbhstolooiorl veniwrbom?

In this investigation calculatlons of the relative amounts
(somi-quantitative) of clay minerals in egch of the samplos based
on the diffractograms obtained Were made using four diff:aront me-

thods as described by Pierce and Siggel (22). Seloction of dif-
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forent methods used does not imply that theose methods are botter
than others proposed, or that any ane of the four mothods is bet-
tcr then the others. Cach is similer in that hydromica is used as
an internal standard, the relative amounts of the clay mincrals
arc weighted to hydromica, summed up and the total is rquated to
100 per cent. No attempt Was made to separate Keolinitn {rom non-
expansible minerals with s unit 16A° basal spacing. The mothods
used arc summarised below:- _

(i) The intrgrated peak areas of the 17A° and 10A° rcflections
of the glycolated slides are determined. The relietive values
of montmorillonite (17A°) and hydromica (10A") are obtained
by multiplying the area of the 108° peak by a Tactor of fTour.
The untreated 3.3R° (003 hydramica) pesk arca is compared to
that at 3.5A° (002 kaﬂhnite, CO4 chlorite plus mantmorillonite)
A reduction in area nf the 3,SA° peak after glyeolation is as-
sumed due to montmorillonite end the remainder is duo to keo-
linite plus chloritc. This value is assumed cquival:nt to
the 3.,3A° hydromica reflection on g gne-to-onu basis. The
relative amounts of the minerals are assumed and the total
is.equated to 100 per cent.

(i1) The integrated intensity of the 1787 glycolated peak is

equal to the relative ampunt of montmorillenitc. Tho area

af the 10A° peek (glycolated peak) multiplied by four, is
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(iv)
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equivalent to the amount of hydromica. The 78° arca is mul-
tiplied by tvo for the relative amount of kanlinite plus
chlorite.

The intensity of the 10R° reflection before heat troatment - as
compared to the intensity after heating, Illite and the ex-
panding mineralswerc assumed to reflect X-rays with equalzaﬂﬁﬁﬁ
at 10A°. The intensity of the 78° peak as comparced directly
with the reflection at 0R° for comparisan of hydromica to
chlorite plus kaolinite.
This is essentially the same procedure as that of the first
method. The multiplying factor to compare hydromica to non-
tmorillonite is 3 rather than &,

A table for X-ray for some common minersls is shown in

Appendix € (2).

1%t Thermal Method of Analysis

(1)

(ii)

{i1i)

This mcthod of anelysis can be grouped into three classes (5).
those that measure weight losses or gain during hrating due

to gaseous substance i.e. thermogravimetric analysis

those that measure onergy chenges during heating i.0. diffe-
rential thermal analysis (DTA)

those that measure changes in the solid phasc, that is, chan-
gea in crystallinity, velume, colour and various physical

strenaoth properties.
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1t The DTA

This thermal technique is convenient for identifying or
characterising, and quantifying certain mineralogical components
af soils. The measurement of thermal changes ﬁfﬂsmils dates back
tn Le Chatelier who in 1887 (32), published thermal datas on hal-
loysite, allophane, kacolinite, phyropiyliite end montmorillonite.
Lo Chatelier used a single platinum-platinum and 10 por cont rho-
dium thermocouple for his work and Roberts-Austen (33)was the
first to use the differential thermocouple for thermal analysis
Among other yorkers in this field who propounded theories on the
principle snd application of the method to mineralogical analysis
include Kracek (3t), Agafonoff (35), Spiel (36), Wurer and Bulp (37),
and Gicseking (38). Since then continuous improvemcnts hav:o been
advanced on its spplication.

The analysis often demonstrates water loss and chergy changes
during heating of the sample by the accompanying thormal cffcocts.
It involves the simultaneous heating aof a test semple and sthos-
makkpflnaﬁt reference substance from room femperature to any de-
sired temperature between the sample and the inert substance vhich
undergoes no thermal changes. The difference in temperatures
bctyeen it and the sample is 8 mzasure of the thermal roactions
which oceur in the sampleo.

Many minerals undergo several reactions on heating. At low
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temperature evaporation of imbibed water osccours, while odddation
of organic constituentssand metallic ions in a rcduced state oc-
curs at intermediate temperatures. At high temperaturcs loss of
crystal lattice hydroxyl ion, water and carbonate ion as carbon
dioxide takes place; therefore the temperature of the samplc during
a tust depends on the reaction faking place in the unknown sample
and since different minerals react differently at differont tem~
peratures, this method of analysis serves conveniently for gquali-
tative analysis.

The anslyticsl results are presented as a curve called ther-
mograms and since the area under the peak is relatrd to tho amount
nf energy evolved or absorbed and therefore to the amount of som-
plz (38, 39, t0), the method has alsoc gained useful application
in guantitative estimation of clay mineral compononts of scils.

The DTA analysis of the samples were carried out on tho Deri-
vatograph. The Derivstograph uscd for this invesgtigation was that
of the Geolegy Department of Ahmadu Be¢llo University., It is made
by MOM-Budapest, HWungary., The instrument is capablrz, simults-
neously to give information about how to:-

(1) measure thc temperature Wwithin the sample (or roference
material)
(1i) determine weight cﬁanges

(iii) determine the rate of weight changgs and
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%iv) determine the energy changes in the sample, all by s graphical
method described fully by Paulik et al (&1). Thc curvos cb-
tained were also compared with the curués of known mincrals
(1, 5, 12). See Appendices A and C,

Chemical Analysis

For further information on the soil samples, chrmical snalysis
can be used to determine the amounts of elements ﬁrnsmnt.

Chemical methods invelve the convectionsl methods of analysis
and include gravimetry, titrimetry, spectropbotometry, atomic sb-
soripption and electrochemical methods.

When concentration of the constituent of intercst lics within
a fairly reasgnable range in the sample, gravimetric method is
usually capable of giving reasonable degree of accuracy. UWithin
a range of 10 - 100 per cent, a precision better than one part in
1000 may be obtained. However, gravimetry is not vory ofton se-
lective and may require complete separation of thc metal or com-
pound of interest; it is time consuming and st thc same time te-
dious, though generally cheap, since no sophisticated cquipment
are often involved.
| Titrimetry is usually designed to be specific although in
many cases separation may be necessary. 1t is capablo of oiving
a precision of about three parts per 1000 or better in some cases
if carefully performed. Although the method is not versatile, it

is inexpensive,
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Atomic sbsorption covers a large range of concentrations
(from fractions of a part per million of many elements in solu-
tion to tens of per cent of constituent elements in the sample)
whereas spectrophotometry usually covers a slightly smallor con-
centration range but has the advantage that its caliberation cur-
ves shift less, and as the contents in the cells are static: its
precision and accuracy depend critically upon the sensitivity of
the instrument, chemical scparation and the preparation of the
sample which may be time consuming. The chemical separation can
bz avoided by adequate treatment of the solution such as adjust-
ment of pH, formation of complexes, oxidation-reduction, sclection
of reagent, selection of Wwavelength used etc.

Electrochemical methods may cocmpare favourably idth atomic
absorption yhen preliminary separations are not requircd.

Generally, the instrumental methods are faster than tho clas-
sical titrimetric and gravimetric methods, especially as onlysone
solution prepared may be required for the estimation of scveral
or all elements present in the original sample.. In addition, they
are highly sensitive and therefore find useful application for
trace analysis. On the other hand, titrimetric and gravimetric
methods are more precise and accurate for major constituent anal-
yeis. The high cost of complicated and complex equipmonts in

instrumental methods is more than offest by multiplc numbor of
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cstimating various elements from one solution preparcd and the time
and labour saved.

Originally, all chemicel analysis iere to be carried out using
a Unicam SP 1900 Atomic Absorption Spectrophatometer available in
the Department. In the event, this technique was not uszd for all
the elements of interest because of the lack of appropriatc hollow
cathode lamps end nitrous oxide gas which are required fur specific
nlements, Conseguently, other methods such as gravimetry, titri-
metry and spectroscopy werc used viten these could have scrved as
a check on the results obtained by atomic absorption tcchnigues.

The chemical treatment of a clay as a seguence in tho recogni-
tion of the mimeral constituents is not very sultablo because of
its effects on the various components present. It may cven attack
some of the fine grained silicates so that results cventually ob-
tained may differ somehow from the minerals of untreated materisls.
If the mineral assemblage is already known, chemical anslysis may
chgble the mineralogical composition to be estimated. However,
both identification and estimation of minerals on the basis of
bulk chemical analysis are very uncertain becausc of the prevalence
of isomerphous substitutions in mineral structures (i),

Since the determination of the constituent elements prosent
in the soil samples depends upon effective dissolution of the
samples and since the major analytical technique uscd oxtonsively

©in this work is atomic absorption spectroscopy, the decomposition
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procedures and an outline of atomic Absorptieon Spectroscopy teche
niques are discussed belou.

Cecompesition Of The Samples

In analysing for clements in refractory substances such as
rocks and silicate materials, the first consideration of the anelyst

is the best method for decomposing the sample since these materials

are generally very resistant to attack by common solvents., The

docomposition procedure sets the course of subsequent analytical
work and can save many unnecessary steps.

There is ne general rule regarding the advantages to be galined
in employing a particular method since the latter is governed by
both thei nature of the vork €o follow. Obviausly, the method should
cffectively decompose the sample. In dealing with a rock sample,
hovever, it must be remembered that it is a mixture of minerals and,
depending upon the ultimate gosl of the analysis, effective decom-
position does not necessarily imply complete decomposition, although
a careful analyst would be happy vhen the two are synonymous.

The decamposition of silicates and similar matcrials have been
extensively covered by Maxwiell (21), Jeffrey (42) and more recently
by Ojonuba (43). A revie. of problems associated with dccomposition
procedures in inorganic analysis ves also fully reviecoed by uh
Stlcek et al (44) and vould not be discussed here.

Suffice it to sgy that sodium peroxide fusion vias cmployed
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for the decomposition of the samples not because it is better
than all other methods mentioned (21, 42, &3, L&), but bocause
it was found that 3ll the samples were got into solution and was
mast handy for the eguipment aveilable at the time of this rork.

Atgmic Absorption Spzctrophotometry

As far as rock and soil mineral anslysis is concerned, atomic
absorption is one of the populsr and most used technique in recent
years, The techniqueuwas first introduced by Walsh (&5), and is
based on the absorption of rcdiation by free atoms of riements
particularly those of metallic elements.

The method involves i spraying of a solution intoc a flame,
in whiech a portion ef the z1lute is reduced to free atoms of its
constituent elements. “iese free atoms can be raiscd to an oxcited
state by the absprption of light of the enerpy corrusponding to
the difference in energy between the ground and excited statues
at certain discrete wavelengths known as "resonant wavzlongths”.
Thus if light of a resonant vavelength of a particular element
is passed through & flame into vhich a solution of a compound
of that element is being sprayed, a fraction of that light ill
be shsorbed by the stoms of the element and the extent of absor-
ption is a measure of the concentration of the species of the
incident light. |

The source of the inciﬂént light is a "hellow cathode" lamp,
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designed to emit characteristic spectrum lines, including the re-
sonrant wavelength, reduced in intensity after passing throvgh the
flame, are isolated by means of a grating or prism monochromstor,
and their intensities measured by a photomultiplioer tubc. Selec-
tivity is achieved by the narrowness of the band of incident cner-
gy provided by the hollowr cathode lamp, the effect of continuous
radiation from the flame being eliminated by means of a mechanical
interupter, or an alternating power supply current delector cir-
cuit in the receiver.

Atomic absorption spectroscopy, the technique and application
which are subject of continuous research (&6, 27, ©8, #9), has
several ettractive advantages over other techniques. For example
it has high selectivity, low limits aof detection and many clements

can be determined from one solution.
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CHAPTER I1

2. EXPERIMENTAL

2+ HMaterials

The major soil samples used in this work were supplied by the
Department of Civil Engimeering, Ahmadu Belleo University, (A.B.U.)
Zaria. GSome of the soil samples were collected along trisl rosds,
construction sites etc., and at different depths as indicated in
Section 2.2. A test clay brick sample wes sent by an industrisl-
ist proposing to undertake @ brick industry., The location af the
different soil samples are described in section 2.2. below. (See

. Appendix for map of Nigerias showing location of samples).
nt

2.2 Location And Collection Of Soil, Semples
A

2.2,7 Maiduguri Black Cotton Soil

Maiduguri black cotton scils cover the sufficiently large
poorly drained areas of Lake Chad basin in Northern Nigeria and
North Camercun. Maiduguri is in Borno State, north-sastern part
of Nigeria. The sample was collected at the theart! oftthe Maldu-
guri deposits at a distance of 112.68m (70 miles) on the Maiduguri
Gamboru road in the North-eastern part of Borno .State. The col-
lection was done along the trial road at a distance of 20 metres
asway from the central line on both sides of the one-mile trial
test roed so s to obtain good representative sample. The sample
was taken at 2 depth of about 91.Lem at every 500 mefres along

the road.



2+202 Bakura Swelling Soils

The swelling soils cover most part of the poorly~drained area
of Bakura, 8akura is a small villege some S0Km saway from Sokoto,
capital of Sdkutu State in the North-west part of Nigeria. The
sample was collected from a bore ﬁale.af a depth of 3.0 -~ 3.66 metres.

2.2.3 Uese Gidan Shehu Yelwa Rosgd (Jus) Soil

Wase Gidan Shehu Yelwa road is a road in Jos, capitsl of FPla-
teau State which is in the South-east part of Northern Nigeria.
The samplesuwas caollected at the investigation site along the read
at a depth of about 0.5 metres.

PePsl: Haduna Arews Textile Limited Soil

The Arewa textile company is & textile industry located in the
southern part of Waduna, capital of Kaduna State in northern Nige-
ria. The sample was collected at a construction site within the
industrial eompound at a depth between O -« Lbcm,

2.2+5 Akure Congretionary Lateritic Soil

Akure is the capital of Ondo state in the Westzrn rocglon of
Nigeria. The s0il was collected fram the Ministry of Works (M.0.W)
vard st a depth of about 0.5m.

Pe2aba Inatitute of Administration Kango Soil

Ingtitute of Administration (Ahmadu Bello University) is based
in Kongo, am srea in the South-egst part of Zaria. The sample was

coliected at the site of the proposed new studenis hostel in bore-



hole number 5 at a depth between 30 - 51cm.

Z2e2.,7 Zariag Concretionsry Lateritic Soil

Zaria is a town in the north-east part of Kaduna State. The
sample was collected at the ground surface of the construction
site of the new Ahmadu Bello University Teaching Hospital un
Samaru-Funtua road.

2.7.0 Amina Hall, Suleiman Hasll, Ahmadu Bello University Hospital

{(Tudun Wada), Arra £, Froposed Lonfersnce Lentre, student wentre
and Islamic Centre Soil Samples

These are sl11 located in Zaria and are soil samplos collected
at bore holes at about 51 cm deep at the sites and projnosed sites
0f buildings of Ahmadu Bello University authority,

24249 llorin Test Clay Brick Sample

Ilorin is the capital of Mwara Staste. It is located in the
central-west region of Nigeria, west of the river Niger, The sam-
plz was sent as a clay brick sample by an industrislist proposing

a brick industry.in fhaf'gtate.l

. :"--"fh.’:'-

i
.
L)

Preparation Of The Samples

All_the_samples,used were g:ound_bo_a fine powder, grinding
pruceeﬁing until all the samples.pﬂss.through 200 8,5. mosh gieve,
using an agate mortar. No prntreatments were performed bafore ‘
grinding but in some ceses during the course of the analyais spé- .
ciél ffeétﬁéﬁfélé;g:‘ffBQEmentmﬁith hydrogen pernxide otec were

required to suit the experimental conditions.
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2.5.1 Cthylene Glycol Retention Determination

Reagents and appsratus

Ethylene glycol, snalar grade was redistilled, discarding the
irst and last 10 per cent.

Calcium chloride, the anhydrous salt was further dried at 200D
ar 2t hours,

Phosphorous pentoxide, anhydrous (Pzﬂs)

Pyrex Vacuum dessicators

Hypervac Vacuum Pump

Potri dighes

btater bath, maintained at 25t 17
Procedure: (Dyal and Hendricks methad (1950) as described by
Torrence Martin (6) |

The soil sample (approximately 10g) was mixed with hydrogen
neroxide solution (10 per cent) and air-dried to removed any or-
ganic matter, -

Theroanic matter-free samples was accurately weighed (19) in
a8 hcm-diameter petri-dish. The samples (six per dessicator) were
placed in a vacuum dessicator containing P205 and then evacuated
for 15 minutes. The samples were left in the dessicator for five
hours to dry to constant meight, Bly means of a pipette having
a tip drawn to a fine point, redistilled ethylene glycol (iml) was
distributed dropwise over the soil sample surface. The pDlycol uas

asllowed to scak in contact with the soil samples for at least 12
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hours. The glycocl-treated samples and a dish containing pure glycol
were placed in dessicator containing carefully dried calcium chlo-
ride and Wee evacsuted for 15 minutes. The dessicator was placed
in a large water bath, maintained at 252 1% to eliminate cxcessive
temperature fluctuations. The samples were removed and weighed after
16 hours and every & hours there after until equilibrium t:as resched;
that is when 3 weighings agreed within fD.Bmg. The resulis are ex-
pressed as mg glyenl per gramme soil semple by use of the average
weight of glycol retained and the dry weight of clay was determined
gs the eguilibrium weight obtsined in an evacusted dessicator over
PZUS' Triplicate analysis were carried out.

23.2 Determination of Cation-Exchange Capacity

Hdarium Chloride-triethannlamine method

Rmagents

Buffer Solution, barium chloride (0.5N) and triethannlamine {(0.2N).

Triethanolamine, NCCH,CH.OH),, (100nl) | Sp gr 1,126, ahout N}
was diluted with water (100ml) and partislly neutraliscd with hy-
drochloric scid to adjust the pH te 8.7. About ? litres vnre pre-
nared and this was mixed with 2 litres of a solution containing
BaClz.ZHzﬂ (250g) and kept asway from 802 from the asir.

Replacement Solution, BaElz.ZHZD (2509) was dissolved in distilled

woter (& litres) and buffer solutiorm (10ml) wes added and mixed.

Calcium Chloride, CaEl?.2Hzﬁ (50q) was dissolved in water and sa-

turated solution of calcium hydroxicde (10ml) was added snd the
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volume made up to 1 litre.

Saturated Solution of Barium Chromate A

A small ampunt of barium chromate was saturated by adding po-
tassium chromate solution (50ml) to 0.05N barium chloride solution
(200ml). This was warmed on & steam bath for sbout 2 hours. It
was then filtered and washed with water until it was Troe of ba-
rium and chromate ions. The washed precipitate was put into a
litre flask and made up to the mark. This was sheken properly
and left ta settle. The supernatant liquid was used as the wash
solution,

Hydrochloric Acid, dilute, one valume of concentrated hydrochloric

acid to 4% volumes of water.

Barium Standard: 4, 1, &, 6, 8 and 10ml portions of O.<N barium

chloride which was wmade by dissolving BaClz.ZHzﬂ.(Z.REQ)

in water (1 lire) was measured into 50-ml volumetric Tlasks con-
taining calcium chloride solutions (42.5ml). Portions of each
of these solutians (10ml) were measured and mixed with potassium
chromate (1ml) into a centrifuge tube and treatments as in the
procedure below was followed. The reading on the specirophoto-
meter at 450nm were plotted as milliequivelents of barium ions.

3.2.17 Priliminary Experiments

Preliminary experiment was carried sutf#first to determine the

arganic matter content of the soil samples and their respective pH
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values in water. Organic carbon was determined on the samnles (2g)
by wet oxidation procedure of Wslkey and Black as cutlined by
Jackson (50). The per cent organic matter was obtained by multi-
plying crganic earbon value by g factor of 1.72.

The pH values were determined by the glass clectrode en a
1:2.5 soil-weter mixturekafter equilibrating the soil in water for
30 minutes,

The soil sample (10g) was placed in @ &00ml besker, the buf-

fer solution (25m}) was added and the flask was allowed to stand
for 2 hours, mixing the contents occassionally by swirling. This
was then filtered into another flask using another portion (25ml)
of buffer to aid in ths transfer of all the soil to the funnnl.
By adding small increaments, the s0il was leached with tho repla-
cement sclution (100ml).

The barium saturated soil was then weshed with distilled
water (150ml) in small portions of 10-15ml, allowing the purtions
to leach through before the next was added. The washing was dis-
cerded and the soil was leached with calcium chloride solution
(125ml). The calcium chloride leachate was then transfurred into
a 250ml flask, diluted to the mark end mixed. Aliguot ofdthis
(10ml) was transferred intoc a centrifuge tube and potassium chro-

mate solution (1ml) wes added and thenaplaced in a beaker o water



- 79 .

and warmed for 30 minutes on a water bath to about G0 - 90”.

After 2 hours of setling of the precipitste, the beaker was removed
from the bath, cooled and then centrifuged for 15 minutos. The
supernatant was decanted and allowed to drain, The sidus of the
tube were washed down with saturated barium chloride solution
(5ml), mixed with 8 gless rod and recentrifuged. The procipitate
left was dissolved in dilute hydrochloric acid (10ml) and the ab-
sorbance taken at 425nm, using water as blank. The cation exchange
capacity was calculated in milliequivalents per 100 of soil from

the standard curve.

2.%.3. X=Ray Diffraction Analysis

Procedure: Powdered samples were used for the Xeray diffraction
analysis. The oriented aggregates were analysed and divTr@ctograms
obtained from the Philips X-ray instrument model PL1390 of the
Dopartment of Geology, using Cukel , Ni-filtered radistion at selec-
ted voltages and currents.
X-ray diffractograms were obtained for the following
treatments of samples
(i) Air-dried preferred orientation
(ii) slides exposed to a saturated atmosphere of cthylene
glycol at s0°
(i1i) one heated at 600" for one hour.

2.3, Differential Thermal Anelysis Using the Deriveatograph

The Derivatograph is a fairly sophisticated instrument and
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would need some expertise for its proper handling. A full des-
cription of the procedure would therefore be very difficult here.
The practice is fully described in the manual to the instrument
(1), - ;

2e345 Decomposition of Samples

Sodium Peroxide Fugion

Reagents and Apparatus

Sodium Peroxide, snhydrous powder

Nickel Crucibles

Nickel Spatula

Frocedure: Finely ground dried soil sample (about 0.5g) whoae
parcentage moisture has been pre-determined was accurately weighed
into a nickel crucible and sodium peroxide (159) was added. The
crucible was first heated grntly with low flame vsing Bunmsen burner
and then placed in the muftle furnace when the sodium peraxide has
molted. The fusion wes carried cut at 700°. After about thirty
minutes the content of the crucible was in a fused melt. This was
allowed to cool to about 307 and then carefully disentegratod with
varm water and them transferred into 1 litre volumetric Tlas!: and

mads to the mark, ready to be used for subsequent analyscs.

243.6 Chemical Determination of Elements S$i0,, Fe, Al, T:, lig, Ca, Mn,
Na and b S - <

After preliminary gqualitative analysis from th: fusion solu-

tion, iron, aluminium, titgnium, calcium and magnesium were deter-
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mined. Manganese, sodium and potassium were dotemmined séparately.

Calcium was precipitated at.pHi as the oxalate using Chapman method
(51). ' ' -

Reagents and apparatus

b .

Chemicals used were all analar reagent gradc.

Hydrochloric acid, concentrated

Hydrofluoric acid, concentrated

Sulphuric acid, concentrated

Hydrochloric acid, dilute. The concentrated hydrochloric acid

(50ml) was diluted with water (950ml),

O::glic geid, 5 per cent aqueous solution,

Acetic scid, 1.65N

Bromo Crespl Green, 0.04 per cent agueous solution

Ammanium hydroxide, N

Sulphuric acid, N

Potassium permanganate, 0.05N standard soclution

Ammonium chloride, 20g per 1 volume of solute

Quinoline reagent, 8-hydroxyquinoline was dissolved in athanol

(100ml) and then diluted to 1 litre with distilled water.

Nitric acid, concentrated

Sulgﬁuric acid, dilute, 32.6N concentrated sulphuric acid (71D0ml)

was added to water (sbout 800ml). When the solution had conoled
t2 room temperature, this was diluted to 1000ml.

Ammonium persulphate, solution, & per cent
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Ammonium hydroxide, approximately 7.5N concentrated ammonium

hydroxide was diluted with an equal volume of distilled water.

Hydrogen peroxide, 30 per cent

Fotassium pyrophosphate, dry pouwder

Hydrogen sulphide, generator

Potassium permanganate, 0.1N, standard solution

Hydrochloric acid, spproximately GN

Ammonium hydroxide, concentrated

Ammonium hydroxide, &0ml of concentrated ammonium hydroxide diluted

to 1 litre with water.
Ethanol, 95 per cent.

tlhatmant filter paper, ashless

w3af3e1 Silica |

To the solution of the melt from the sodium peroxide fusion
in 3 beaker més gently added concentrated hydrochloric acid (15ml),
This was evaporated on the steam bath averright so that tho sepa-
rated silice gel would be sufficiently dehydrated, Thes residue
was taken up with concentrated hydroflouric acid (15ml) and hot
water (15ml). This was filtered, and washed with hot uvaber until
practicelly free from chlorides. The filterate was gonin evapo-
rated to dryness to precipitate any silica not retainoed in the

first precipitate. The treatment was repeated for this procipitate

and the two precipitates combined. The precipitate was inonited in



- 33 -

the crucible used for fusion. The igniticn was carried out at 1200°"
in the muftle furnace for 30 minutes. Hlasting was continued for
%0 minuteg, and weighing to constant weight. The gllice was then
moistened with water and strong hydroflouric acid (6 - Gml) and
a few drops of dilute sulphuric acid were added and cautiously
evaporated to dryness in a8 fume cupboard. The crucible was then
ignited for sbout 3 minutes at 1208°, cooled and welighed.

“The weightlest during the hydroflouric acid treatment vas
nqual to the weight of silica. The crucible and content uere
kept for the anaelysis of the iron group.

7¢6.2 Iron Oxide, Aluminium and Titania

The filterate from the silica determination was ncutralised
with 2 pure ammonium solution, using the precipitate assan indi-
cator, made slightly acid with hydrochioric acid and heated to
boiling. The group was precipitated with a slight oxcess of ame
monia, diluted with the same volume of water. This was boiled
for one minute, allowed to settle and then filtered intao z 500
ml beaker. The filter paper with its content were transferred
into the heaker in which the precipiteate vas mede and dissolved
in concentrated hydrochloric acid (10ml) and hot water. The fil-
ter paper was mercerated with glass rod and enocugh hot water was
added to mske the volume to 450ml. The iron group ves procipitated

as hefore, filtered and washed with hot weater containing about
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one per cent ammonium nitrate in the latter washings, until the
washings were free from chlorides, The filter paper and precipi-
tate were transferred into the crucible used for the silica deter-
mination and this was ignited to a constant weight at SUUD, with
the cover of the crucible so adjusted so es to allow Tree actess
of air. | o |

To the ignited iron-group in the crucible &as adﬂed patassium
pyrosulphate (about 5g) and was h2ated very cautiously over s low
flame of the Bunsen burner, keeping the crucible covered. At the
cimpletion of the fugion, it was cooled and concentrated sulphuric
acid (tml) wes added and dissplved in water, keeping the volume
under 150ml. s

eJebe3 Heduction and Titrafiun of the Ifﬁn

Hydrogen sulphide wuas passed into the solution of the iron
graup Jjust obtained to reduce the iron. This was boiled for a
few minutes to coegulate sulphur end then filtered into a 5N0ml
beaker. The volume was made up to about 200ml and hydrogen sulpe
hide was passed through the cold solution and was slowly brought
to boiling with the hydrogen sulphide was still passing. This was
conled for about 10 minutes without interrupting the hydrogen sulp-
hide streem. The stream was disconnected and the hydrogen sulphide
was bhoiled off while carbon dioxide was passed into tho solution

When the hydrogen sulphide was indiceted completely expelled by
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meang of lead acetate paper, the soluticn was cooled while carbon
dioxide was still passing. The carbon dioxide strosm was stopped

and after about 30 minutes, the solution was titrated with stan-

derd permanganate solution. ml of, 0.0N KMnD, = 0.00%060 Fe
263464 fiﬁnnin T T

2

o ——

LA Thrn licuid from the iron titration was evaporated to reduce

| £; aboug 75wl wnd concentrated sulphuric acid (10ml) and a few
drops ©f seTong hydrogen peroxide were added and the volume
madz un o Ahil. The titania was determined at 410nm and
veluos chasaincd from s standard curve of titania prepared by
hoating notocoium titanyl axalate (3.68q), ammonium sulphate (8g)
and sulubueic ccig 100ml in A KJjeldah flask and then dilutiqg
to 1 titro in o volumetric flask; 1ml = 0.50mgri. E

+Je6.5 Alumina
From the total weight of the ignited oxides, the sum due to

iron and titanium oxides was substracted. The diffcrence repre-
sonts the the weight due to aluminium oxide Al.0. £ 0,52913 Al,

23
»J26.6. Precipitation of Ammonium Sulphide GBroup

The combined filterate from the iron group mas cvaporated to
loss than 100ml, transferred to a 250m1 volumetric flask and con-
centrated ammonia solution (3ml) wes added. Hydrogen sulphide was
passed in to saturation and another concentrated. ammonia portion

(3ml) was added. This wes stoppered and left to stand overnight
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Manganese, Zinc, Eopper, Cobalt and Nickel were precipitated as
sulphides. This was filtered and washed with smmonium hydroxide
and smmonium sulphide solution, keeping the funnel covered and
washing continuously to prevent oxidatiom and resoclution of the
manganous sul phide.

P.2.06.7 Precipitate of Calcium as Oxalate

Ta the filterate in section 2.3.6.6 (at pH %.0) was added
noxalic acid (1g) in solution, 1.65N acetic scid (10ml) and U.04
per cent bromo cresol green (10 drops). The volume mas made to
about 150ml. The solution was brought near boiling and N am-
manium hydroxide solution was added until the coloaur changed from
yellow, through yellowish-green to pure green., The solution was
boiled gently for 10 minutes and on cooling the calcium oxalate
precipitatedas & coarse crystalline solid. The precipitate was
alloued to stand on a steam bath for about 3 hours to cnsurescom-
plete precipitation. The precipitate was filtered and then washed
thoroughly with distilled water to free it from soluble oxalate.

The filter paper was pierced, the precipitate washed into
a beaker and hot W sulphuric acid (75ml) was added. The volume
was made to 200m) with water, heated to 907 and then titreted
with standard potassium permanganate-{@ne milliliter of 0.05N po~

tassium permanganate is equal to 0.0D1g of calciumwf.
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Tee6.8 Determination of Magnesium; 8-hydroxyguinolate Method

Following the separation of calcium as oxalate, the magnesium
is precipitatedgand weighed as the guinolste salt.
Proczdure: The filterate from the celcium oxalate precipitate was
transferred to a 250ml beaker and evaporsted to a small volume on
the hot plete. This wes hested te dryness with 2 smell addition
af nitric acid. Heating vas continued until most of the oxalate
regidue had dissolved., Uhen the residue was complately uulati“ﬂiwi
the beaker wss cooled and 6N hydrochloric acid (10ml) was added.
Uater was added to make up to sbout 25ml, The solution should
be clear if not it should be filtered and washed with a fow light
rinses. | |

Quinolate reagent (30ml) was added to the solution along with
concentrated ammonium hydroxide (5ml). This was heated on a hot
plate to sbout 720°. The solution was stirred to initiate nreci
pitation of the magnesium quinolate. The beaker was romoved from
thc hotw plate and kept in a dark place fer about 5 hours. The
precipitete was filtered through a weighed sintered gless funnel
vashed five times with hot dilute ammonium hydroxide and then
washed with ethanol. This was placed in an nven at 105° and
dried to constant weight. The weight obtained times 0.7657 gives

the weight of magnesium in grams,
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Determination of Manganese

Hydroflouric Acid Extraction - Persulphate Method

In this method, the permanganate is formed using persulphate
as the oxidising agent. The optical density of the permanganate
is used as a quantitative cstimation of menganese. The oxidation
takes place at the boiling noint in the presence of phosphoric
and nitric acids and a smgll amount of silver nitratec.

Reagents .
Acids, concentrated hydroflouric, sulphuric and 85 per cent phos-
phoric,. |

Ammonium persulphate, dry salt

Specisl splution: Mercuric sulphate (75g),was dissolved in concen-

trated nitric scid (LOOml) and water (200ml). To this miture
were added phosphoric acid (20ml) and silver nitrate (0.035g),
cooled and diluted to one litre.

Standard Manganese Solution: Electrolytic manganese (0. 10g) was

dissolved in diluted nitric acid, boiled to drive nut oxides of
nitrogen and diluted to 71 litre. This is a 100 ppm solution.
Procedure: The ground soil sample (1.0g) was transferred into
nickel crucible and hydroflouric acid (4ml) and concentrated sul-
phuric acid (2ml) were edded. This was placed on a hot plate and
heated at low temperature initially and then the heat increased gra-

dually untildfumes of sulphuric acid were given off. This was
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conled, 6N sulphuric acid (3mi), a few drops of cbncentrated nitric
acid were added and then evaporated. Water (10ml) wes edded to the
hot solid to dissolve the soluble material and then Tiltered through
stid-washed filter peper, keeping the totel volume below 50ml.

To an aliguot of the filterate wss sdded concentrated phos-
phoric acid (1ml) and evaporated to 2 small volume. This was
cooled, the special solution (section 2.4) (5ml) was edded and then
diluted to about SUml. Ammpnium persulphate (41g) was added and
boiled on an adjusted flame so that it was brouoht to boiling in
minutes. This was copled snd made up to 100ml volume in o volu-
metric flask and the absorl:noe determined at 5250m. Th2 rrsult
was obtsined from standards treated the same way.

Determination Of Saodium and Potassium

Ionition with Ammonium chloride and calcium carbonats mixbure
and Determination of Sodium by Uranyl Zinc Acetate

Sodium in s0il is solubised by ignition with ammonium chloride
and calcium carbonatc mixture, extracting with water and guantita-
tive precipitetion in aqueous snlution of uranyl zinc acrtats.

Resgents and Apparatus

Urenyl Zinc Acetate - A 3B per cent acetic acid (5.Q) was added

tn distilled water (486g). This was heated, uranyl acutate (60g)
wat adder when these were dissolved, zinc acetate (18Dg) was added
and heated until dissolved and then cooled, filtcred and stored

in a bottle.
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Ammopiur hloride: Ammonium chloride was sublimed slowly, the

grusts dissolved in water and evaperated on s steam bath while
stirring constantly, The hot liguid was poured off, the precipi-
tate filtered and the salt stored in a dessiéamtor.

Calcium Carbonate: Calecites wes dissolved in hydrochloric acid,

precipitated with ammanium carbonete and smmonium hydroxide. The
precipitate was washed thoroughly with het water, dried and stored
in a bottle. '

Ammonium carbonate, 10 per cent solution

Ammonium hydroxide, concentrated

Glaced paper

Nicke) Crucibles

Ethyl Alcohol, 95 per cent of A. R. aleohal ssturasted with, and

containing a slight excess of the tripple salt sodium uranyl zinc
acetate., This was alweys made fresh and filtered prior to use as
a washing agent.

Anhydrous Ether, it is important that this reagent he enhyvdrours.

Procedure: The soil sample (4g) was weighed, transfeorred into a
crucible; ammonium chloride (1g) and calcium carbonate (Lg) were
added and mixed thoroughly. This uwes covered and hoated at low
temperature until ammonia fumes no longer escaped. Heating was
continued for about &LSmminutes at 8 dull red-heat end then cogled.

The fused mass waes loosened with a little water, washed into a
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beaker with water (5m1) and digested on & steam bath. The pre-
cipitate was filtered and washed with hot water. -

Tho filterate contains the chlorides of sodium, potassium,
calcium and some magnesium and calcium hydroxide, The caleium
was precipitated by adding ammonium carbonate solution and am-
monium hydroxide at a boiling temperature,,filtered and washozd
with hot water end then redissclved with 8 1ittles hydrochloric
acld. The precipitation and filteration were repeated as before
and the filterate added to the first. The combined Tilterate
was evaporated to drive off the ammonium salts. The residuz wes
dissolved in water, digested on a steam bath, filtercd and made
to a volume of 100ml in a volumetric flask. This solution con-
tained sodium and potassium uwith perbaps traces of calcium, mag-
nesium and other salts.

The filterate (25ml) was evaporated to dryness and water
(“ml) and uranyl zinc aciétate reagent (10ml) were added and mixed
properly. The precipitate was allowed to stand overnight and
then filtered through a weighed sintered glass cruciblo., The pre-
cipitate was suashed 5 to 10 times with pnrtinns of uranyl zinc
acetate reagent (2ml). The excess was removed by washing 5 times
with portions of 95 per cent slcohol {(2ml) saturated 1ith the
tripple salt and then_yashed with anhydrous ether to remove the

alcohol, The ether waes evaporated by drawing air through the
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the crucible. Thetcrucible was wiped clean with an alecchol moise
tened cloth, placted in & dessicator and weighed afier onc hour.
The weight of the precipitete times 0.01:42 is equal ta tho w=ight
nf the sodium, | B o

Deptermination of Potassium as Cobaltinitrite

Rnagenta

Trisodium cobaldtinitrite, made for each determination (1g pesr Sml

of water).

Mitiic acid, N

Nitric acid, O.01N

Ethyl alcohol, 95 per cent

PFrocedure: The decomposition procedurs has been descrihed in
section 2.3.5. To the filterate (10ml) obtsined from szction

was added N Nitric acid (4ml) and the sodium cobaltinitvite solu-
tion (5ml), mixed thoroughly and then sllowed to stand for 2 hours
8t a temperature of sbout 15 - o208, The precipitgte was Tiltered
0.0 HNO3 was used to wash and transfer the precipitate completely
from the beeker to the filter paper. The precipitote wes washed
ton times with 2ml portions of ethyl aleohnl., This was cvacuated
until dry. The precipitate was dried st 110% for 9 hour, cooled

in a dessicator and weighed. The potassium is 17.27 per cent of

the precipitateai
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.7 Determination of Elements by Atomic Absorption Spectrophotometer
5P 1900

Procedure: The decomposition procedure has been described in sece
tion 2.3.5. The filterate obtained was used for the determination
af the different elements. |

With the Unicam 5P 1900 Atomic Absorption Spectruﬁhotnmeter,
the graphical method of caliberation may be eliminatcd deoponding
upon the concentration gf the elements in solution. This is
because of the scale expansion and curve correlation Tacilities
while the digital read out and zuto zero system enable cloment
concentration to be displeyed directly. This method togoethoer with
graphical method were used. The expsnsion method was applied
to metals with reasonably low concentrations. In this mathod only
two standards were required, one with a concentration of the element
of interest significantly above the estimated maximum concontra-
tion (higher standard) ir the sswple and the secand (loucr stan-
dard) containing half the concentiretion of the element of .
interest. _

Icnization interference during the estimation of calcium and
magnea{um was eliminated by the used of lanthanum chloride (D.1

per cent) in both sample and sterndard sclutions.
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CHARTER 3

3. RESULTS AND DISCUSSION

Introduction

In this Chapter, the analytical results obtained from experi-

- ments performed using the different techniques discussed in Chapter

1 are compilled. They are used in semi-guantitative analysis for
optaining probable minerals present using only the X-ray diffraction
technigue and slso in g more precise quentitative (and qualitative)
analyses using the results of all the technigues emploved in this in-
vestigations, that is, glycol retention measurement, cation exchange
vapacity, X-ray diffraction analysis DTR, and the resulis of chemical
analysis. The analyses of all the2 materials provided ern given and
discussed. |

Additionally, the results obtained by other wori<ers ﬁn simi-
lar materials have been consideredd, and the few results of their
tests have been presented for comparison and inferences.

The analytical data for the different samples are niven in
Tables 1 (ethylene glycol retention), 2 (catien exchange capacity),
3 (qualitative X-ray asnalysis), & (semi-guantitative J~ray analysis),

5 (qualitative DTA results), & (quantitative DTA results), and 7
(chemical snalyses). The results of other workers an g {ow similar

materiazls have been tabulated in Appendices A - G.

Detailed analysis of the results and discussion Tollow below.



3.2 Ethylene Glycol Retention

Many organic compounds with a dipole character are adsorbed on
the layer surfaces and probably on the edges of @ cleay anolonous with
the behaviour of water. The adsorption of organic compounds lesds

to organo-complexes of the clay (11). Ethylene olycol is commonly
used. Table 1 lists the ethylene glycol retention valuues of all the
samples tested as determiﬁed by the Dyal and Hendriclts wmethod (7).

A plance at the results reveals that the Maiduguri Clack Cotton soil
héa the highest glycol retention value (78.7mg g~ .

The retention of ethylene glycol by soil samples is to a large
Eﬁtent due to the presence of certain clay minerals. Soila'with
predominantly non-swelling clay minerals such as Baolinite ususzlly

- rotain less amount of ethylene plyenl than those containing such
swelling clay minerals as montmorilf.onite. The: result is there-
fore not surprising since it will be shown that the Maidupuri Black
Cotton soil contains a high proportien of muntmnri%‘nniﬁe uhile the
concreticnary lateritic soils with low ethylene glyconl rotention
values contain significant concentration of Kaolinite,

As different clay minerals have different values of spesific
surface area, the amount of glycol retained under controlled con-
‘ditions is used to sid in the quantitative determingtion of clay

minerals. The quantity of glycol retained can be used in the es-
timation of the surface area of clays (52, 53, 55). Thuse wethods

have shown that the higher the amount of glycol retained, the greater
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Table 1

Ethylene Glycol Retention mﬁ!ﬂf1

-
Y e

Sample mg/o Soil
Maiduguri Black Co%ton Soil 70.7
Bakura Soil 53.2
Wase Bidan Shehu Soil 63.5
#¥ongo Institute of Administration Soil] 60.8
Kaduna Arewe Textile Soil 9.3
Zarig Concretionary Lateritic Spil 225
Akure Lateritic Spil 2341
ABY Suleimen Hall Soil 50.2
ABU Teaching Hospital Soil 2b. 2
ABY Amina Hall Soil 23.6
ABU Student Centre Soil 2t
ABU Conference Centre Soil 62.7
ABU JIslamic Centreg Spil 23. L ]
ABU Hpuse Unit Area E Soil 23.%
Ilorin Test Clay Brick Sample 60. L
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the surface areé gf the soil, Thig implies that tho Haildupuri
Black fotton soil has the largest surface area with tho concretion-
ary lateritic soils heving the least; others following accordingly
These results sre in agreement with those of othey worigtys (55).
Most of the differences between clay minerals in proporties

such as water retention, plasticity or.cuhesion cail be explained
by the different values of surfsce area. This can also explain
the high swelling and liquid limit of montmorillenite.

Rapid but less accurate determination of surfesce areas of
.éoils can be made using the method. The effects of temperature
and erratic evaporation are removed by carrying out experiments at
constant temperature and pressure. The preesnce of organic matter

likely to interfere with adsorption was removed by treatmont with
hydrogen peroxide,
There appears to be no published work on any of the Nigerian
Suils investigated, so it is impussible to compare rosulis. The
difference between values obtained for pure keoliniitc (Appendix A)
and suii samples estimated to contain 100 per cent kaolinito (see
Tables 1 and 6) could be attributed to the fact that suil is g
caomplex mixture and its behaviour may not be easily compared with
8 pure clay sample.

ie 3. Lation Exchanpge Capacity

The amount of negative charce which is equal %o the quantity of

exchangeable cations held i.e. the cation exchange capacity of the
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clay, has been used to aid the qualitatiue and gquantitative deter-
mination of clay minerals. Each clay mineral has charactcristic
rénge of velues of cation-egxchange capacity that can be used or

that can serve as a clue to its identification. |

The kind snd number of exchangeable tations have an important

influence on the behaviour of soils. The exchangeable catiuﬁs are
not all held in a layer right at the clay surface, but are nresent
at some average distance from the surface. This leeds to the pheno-
menon of diffuse.ion-~-layers whose interaction with adjacent parti-

cles gives an explanation of sysh properties as swelling, plastici-

ty and water retention of clays (2). Ion exchange reactions are
important as far as the properties and stahility control of dril-
ling muds end slurries are concerned. Ground water quality, under-

ground waste disposal and pullutant transport through soils are

all influenced by the ion exchange properties of the sonils. As the
composition of the exchange complex relative toc that oV thoe pure
water ig influenced by both temperature and the composition of

the free water and as the mecharical properties are influenced

by the adsorbed ion type suitable controls on laboratory test cone
ditions are needed if properties are to be correctlv meacuracd,

The results of thz cation exchange capacities of the different

soil samples are tabulated in Table 2. A preliminary study to

investigate the amount of organic matter in the samplos indicated

that the per -.ent orgenic matter was negligible { < .01 per cent.
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Table 2
Cation - Exchange Capacity of Sample

S

CEC (meg/00g Soil

Ilorin Test Clay Brick Sample
X

Sample pH (Ho0)
Maiduguri Black Cotton Scil .5 (4,9
} Bakura Soil 6.5 9.4
Wase Bidan Shehu Soil 5.8 6.7
ggz§a Institute of Administration 6.6 146
iYadung Arews Textile Soil 6.2 a2
Zaria Concretionary Lateritic Soil L.7 be2
kure Lateritic Spil L.3 3.9
ABU Suleiman Hall Soil 5.6 11,5
ABU Teaching Hospital Soil 4.9 C.3
ABU Amina Hall Soil | 5.2 12,k
ABU Student Centre Soil L.8 1346
ABU Conference Centre Soil [ 4.7 22,0
ABU Islamic Centre Soil 6.4 Out:
ABU House Unit Area £ Soil 6.7 304
5.8 23.2
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The pH (Hzﬂ) of all the samples varied between &.3 and G.: (Table
2). The Maiduguri Black Cotton soil had the highest C.E.C. (41.9)
with Akure soil having the lowest velue of 3.9.

The discovery that soils have the ability af exthanging cation
Qith solutions containing other cations was the result of careful
observation (20). The stacking of silica, gibbsite and bhrucite

sheet (see Appendix G) to form the basic clay mineral layer is
such that a single plane of atoms is common to both the tetrahedral
and octabedral sheets. Thus bonding between these sheests is very
strong and of primary valence type. On the other hand, the bonds
holding the unit cell layers together may be of several tvpe and

may be sufficiently weak that the physical and chrmieal bchaviour
of the clay may be influenced by the response af the bonds to
" changes in environmental conditions. Isomerphous substitution in
all the clay iminerals with the possible exception of the anlinites,
gives clay particles a net negative charge. To preserve electricsl
neutrality, cations are attracted and held@n the clays beitween the
unit.cells,

From the results obtained, it followed that there i1s no. single
cépﬁcity value that is characteristic of a given group uf clay
minerals. These agrezd with the conclusions of other workers (1,
11), that because of a wide variety of factars influcncing cation

exchange capacities of soils and clays, results are not always

characteristic of any given group and therefere resulis arc always
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expressed in ranges,
However, the results obtained for the Bakura, ilongo, ‘iaduna,
Zaris, Akure, Suleimen Hall, Teaching Hospital, Amina Hall, Student
Centre, Islamic Centre and Area & soil samples are characleristic
of kaolinite containing soils. The low C.E.C, valuc may be atiri-
buted to the structural compositon of kaclinite. In kanlinite, there
are opposing layers of oxygen and hydroxyl, or hydeoxyl and hydroxyl.
This gives rise to hydrogen bonding between layers, whish provides
8 Fairly strong bond that will not separate in the presence nf water
but can still provide good cleavage. Thus ions are not easily exe
changed with environmentel ions. The higher catiaon exchange capa-
city values in the montmorillonite containing samplos, Maiduguri,
tlase, Lanference Centre soils, and the Ilorin test clay brick further
confirms this. The higher velues of C.E.C. in montmorillonite may
be attributed to the structure of the mineral. The interlaver ca-
tions in montmorillonite hydrate and the hydration onerny overcomes
the attractive forces between unit layers so that ions arc casily
lnst to the environment. Thig could be possible because tho surface
charge density in montmorillonite is moderate (1), so that the sili-
cate layers may readily take up polar moleculesfrom the onvironment
and balancing cations may hydrate, resulting in & separation of la-
yers. T(he expansion of mnntmarillunita may therefore be attributed
to this effect. _
The C.E.C. values obtained cennot be adequately uscd for quali-

F
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tative determinations by comparing them with those of known pure
minerals since each sample consists of many mineral groups which can
influence each other. However, it appears that these valucs can be
used in guantitative determinations. The results obtained cannot
be readily compared, since C.E.C. for & given mineral type is ine
fluenced by seversl factors such as pH; prganic matter content, tem-
perature etc. (6, 12). Uapacity values are only comparable when
they bhave been obtained by similar standard procedurcs on some ma-
terials under comparsble concitirns.

v=Ray Analysis

G

Kaolinite has & first ordesr basal ;}ﬂcing 2(001) of about
7.2A° which is insensitive to drying or moderate heating. NHanolinite
minerals are destroyed by hezting to 500 - 600°. Theo athor clay

minerals are not. Hydrated Halloysite has a basal spacing of 1URD,
which collapses irreversibly to 78° an drying at 140°C, Dehydrated
halloysite is similar to kaolinite and cam be differontigtoed only
by the use of electron microscope when debydrated halloysitce has
a tubular morphology. All the kaslinite minerals retain their che-
racteristic spacing d (001) in the presence of polar liguid s.g.
olycol, The illites are characterised by a basal spncing d (001)
of atout 10AY which remains Fixed both in the presence oF polar
liquid and after drying.
The expensive character of smectite, (montmorillonsid group of

minerals), provides the bazlis for their positive identification.
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Table 2 Qualitative X-Ray Amalysis Of The Samples i .
Sample/Treatmerts Diffraction Spacing d (A°) fiinzrals Inferred
Maiduguri Sail
1.  ADFO 15.41, 7.19, 3.57 . Montmorillonite and
1 3.34, v iignlinite
y
2,  GPD 17.49, 15,19, 7.49 Haclinite and
3.56 : fontmarillonite
3. ADPO Heated to 6007 for < hour 17.49, 9.96 Montmorillonite and
lanlinite
Béakure Soil
1. ADFO 16.99, 9.83, 7.1b Fontmorillaonite
3.56, 3.33, 1W0.2 “aolinite, Illite
2. GAD 15.67, 17.49, 7.1h, 10.2 Montmorillonite
N ﬁ . 3.1k, 3.56, 3.34 liaolinite, Illite
3. ADPO Heated to 600° for 7 hous 9,61, 10.2 Montmorillonite
gaolinite X
Wase Gidan Shehu Spil _ﬁ
1. ADFQ 15.78, 7.17, 4,27 Fontmorillonite
3.57 vaolinite, Illite
2. GPO 17.33, 7.1, 3.57 tontmorillonite
_ . hanlinite
3.  ADPD (st 600° for 1 hour) 15.99, 9.94, 4,27, 3.36 Montmorillonite
Naclinite
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Sample/Treatments Diffraction Spacing d (a%) liinerals Inferred
Kongo Soil
1s ADFO 15.78 Fantmorillonite
10.28, 717, 3.57, 3.34 haolinite, Illite
and (uartz
2. GFO 1733

3. ADPO (heated at 600° for 1 hour

9.94, 7.47, 3.57, 3.34
9.94, 3.57, 3.34

Montmorillonite, Illite

ftaolinite and Quartz

lontmorillonite,
ilanlinite, Quartz

Kaduna Arcwa Soil

1. RDPO

2. GFO

°3. ADAD (heated =t 600° for 1 hour)

17. 14, 3.57, 10.21

17.67, 9.94, 10.21

Montmorillonite,
iaolinite and Illite

Montmorillonite,
haglinite and Illite

Montmorillonite,
heolinite and Illite

Zaria Concretionary Soil

1. ADFO
2. GROD

3. ADPD (heated at 600° for 4 hour)

7.20, 4.16, 3.58
7.20, .17, 3.57

A1l strong reflections dis-
appeared. f By comparison with
reflections of known minerals
only Kaolinite is indicated
present.

iaolinite
vwaolinite

laglinite
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Eample/Treatments Diffraction Spacing d (A®) iineral Inferred

Akure Soil

1o ADFD 7.17, 4.43, 3.58 baolinite

2. GFRD 7.1, 4,13, 3.58 Haolinite

3. ADFD (heated at 600° for 4 hour (Rs in the Zaria Soil above) ‘molinite

ABU Suleiman Hall Soil

(P ADFQ 15.41, HW.21, 9.71, 7.19, 3.54 Montmorillonite
Yaolinite, Illite

2. GFD 17.49, 7.19, 3.56 Montmorillonite, Illite
ianlinite

ADPD (heates at 6007 for 41 hour) 15.41, 9.94, 3.56, 10.21 Montmorillonite, Illite
Nanlinite

ABU Tesching Hospital

1. ADFO 7.20, 4.61, 3.58 Waolinite

24 GFD 7.20, 4.17, 3.57 tigolinite

3. ADPD (heated at 600 for 1 hour) (As in the Zaria sample) Hanlinite

ABU Amina Hall S5pil

At 308 Qt ND- nvo Jmu uo mm "\.nmnnu;”_c..:m-.ﬁm

2. GPO 7.20, &.12, 3.53, Kaclinite

3.  ADFO (heated at 600° for 1 houz) (As in the Zaria sample) Maolinite
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’ Sample/Treatments

Diffraction Spacing d (A%)

iinerals Inferred

ABU Student Lentre Spil

1. ADFD

2. GFD

3. ADFD (heated at 6007 fo

+3

1 hour)

7.20, 4.16, 3.58
(As in the Zaria Sample)

Banlinite
heolinite

Gaplinite

ABU no:wmumnnm_mmsaum Snil
1. ADFO

2, GRD

3. ADMD (heated at 60n® for 1 hour)

15,13, 17.49, 7.19, 3.56
3.33

17.67, 9.94, 7.14, 3.33

Fontmorillenite

tontmorillonite, Quar
Kanlinite,
Montmorillonite,
auartz, Kaolinite

ABY Islamic Centre Soil

Ve ADFD

2. GFD

3. ADFO (heated at 600° for 1 hour)

7.24, k.15, 3.57
7.20, L.15, 3.58
(As in the Zsria Sample)

vaclinite
hanlinite
vaolinite

ABL Areag E ESoil

1. ADFC 7.24, 4.15, 3.57 tanlinite

2. GPO 3.94, 4,15, 3.58 tiaolinite

3. ADPC (heated at 600° far 1 haur) (As in the Zarie Sample) lhanlinite

Ilorin Test Clay Brick T

1a ADFU 16,94, 9.83, 7.14, 3.58 tontmorillonite
Heolinite 3

2. GF 17.1%, 9.94, 7,14, 3.56 Montmorillonite i
laolinite

3. ADPD (heated at 600" for 1 hour) 17.21, 9.94, 4.27 lontmorillonite

Khaolinite

1. ADPO - Air Dried Preferred Orientation

2.

GRO = Glyecol Preferred Orientation 60°
o ADPO = Air Dried Preferred Orientation Heated to 6009 for 1 hour.
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hen air dried, those minersls may have a basal spacinn of 12 to
154°, After treatment with ethylene glycol or glycol, they expand
to & d(001) value of 17 to 18A°, when heated to about 600°, the
da{001) drops to shout 1087 as a result of the removal of interlayer
water (1). | o
Chlorite minersls have a basal spacing fixed at 1tA" because

of strong ordering of the interlayer complex. This reflection is
aften weak and since the hiogher orders coilncide with the Jeray pat-
tern for kgolinite, identification may be differcrnt. The {Tact that
chlorite is destroyed when treated with warm acid and kaolinite is
not affected, and that kaolinite is destfoyed on heating 4o 600° but
chlorite may not beaffecied are ugeful for distinguishing the tuwo
clay mineral typps (1),

In most soils, by far the maét gboundant non-clay mineral is
quartz, with small amounts of feldspar and mica somctimes present.
Uusrtz has a characteristic bhasal spacing of 4.26A°, 1t also has
reflective spacings of 3.3&&0, 2.L6, 2.28&0, etc. The spacing re-
mains fixed both in the presence of polar liguids aﬁd after drving

The X-ray diffraction pattern of 8 powdered sample nT the soils
depends on the crystal structure of the clay as earlicr mentioned.
As noted above, the different clay minerals are characterised by

first order basal reflections d(001) at 7, 10 or 1:A° (sce ﬂppendi;

€). For positive identificatinn of specific mineral groups certain
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pretreatments are ordinarily required and these had beecn discus-
sed in section 2,3.3. | . . |

The results of the X-ray analyses is tabulated in Tahle 3,
shawing the different minerals present in the soil samples while
Table & lists the result of the semi-guantitative snalyses. The
criteris for analyses are oased on the data provided in Appendices
C, D, £ and F. The results obtained in Table & wore caloulated as
discussed in section 1.3. Traces of gquartz were found in three

samples, namely Kongo, Kaduna Arewa and Ahmadu Bello Univorsity
Canfercnce Centre seils.

Results using the four scts of calculations on all tha samples
were corrected to twe significant figures since this appears to be
the cammon practice. As can be seen from Table %, all the samples
contain relatively high amounts of kaolinite excluding Haldueguri
Black Cotten and Wase Gidan Shehu soils., In some samples, mont-
morillonite were present being exceedingly high in the Haiduguri
Black Cotton soil whered@g illite wepg present in only very few

soils. Methods based on peak zrea measurement appear to glve
high percentages of kaolinite plus chlorite with no soil sample
having less than 50 per cent. The use gof multiplier 3 rather than
& appesred to give lower values in all cases (Table %),
¥ Examination of the tebulated velues (Table ) shows that the
different procedures revesled different trends between adlacent

samples. In order to clearly revesl these changes, the resulits
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may need a statistical,analvs;grgécausg:the semi-quantitative
results were supplimented by quentitative DTA determinationsjhts
L hee nck Condidared Qecestar)
' Apart from lasck of agreement of results due to methods of
quantification employed, other variables which could have affected
the results include, structural and chemical varistions between
mineral groups and within mineral species.. ﬁperatnr ermor gnd ran-
dom errors in sub~-sampling can alss idtroduce disCreﬁancius in the
relative amounts of cloy minerals present in g glven soil comple.
Slide preporation technigue can also be critiesl in allowing segore-
potion of the minernl species (56, 57, 58)

Because of the many variables affecting the résults, there
are some doubts as to the attzimment of true guantification. It
is however, hoped that with the use of four different mothods of
those presently in use for calculation of relative amounts of clay
ininerals from the same diffractograms, a fair estimation Ehas been
achieved.

DTA Analysis

The results of dgifferent thermsl analyses are gencrally pre-
sented as a plot of the difference in temperaturc betwecn sample
and inert material (4 T) versus temperature (%), The analysis
of test results is maginly the comparison of the sample curve with
those of known materials so that each deflection can bBe accounted
for. The shape, size and temperasture of the thermal breaks are

affected not only by the heats of reaction but also by various
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instrumental factors such as rate of heating, nature of thermocouple,
size, shape and nature of sample holder and other details af the
instrument itself (5). There may be some difficulty in selection
of reference standards since the thermal behaviour of soils may
differ from that of pure deposits.

Generally, as fear as characteristic thermegrams are ﬁﬁncerned,
the clay minerals show ‘an endothermic resction betwzen 100° and
200° as the adsorbed water is lost - Dehydration, alsn botween
about 500° to 1000° as the crystal lattice water is being driven
off in the from of hydroxy ions - Pehydroxylation, and an exother-
mic reaction between 800° and 10007 as new crystals are formed from
amdrphuus materials or from old crystals destroyed - Crystallisa-
tion,

The common non-~clay minerals in soils that give reactions
with large thermal peaks are quartz, carbonates and free nxides
such as gibhsite, brucite and genthite. Quartz has a phase change
from o to B for (reversible) at 573°, The pesk for the quoriz
phase change is sharp and the amplltude is almost directly propor-
tional to the amount of guartz present. The carbonates give very
large endothermic peak between 800° and 1000° and the oxides have
- an endothermic peak between agbout 2507 and 450°, Some nf these
diagonistic data appear in Appencdices A and C,

For the quantitative analysis, theoretically it had been shown

that the area of the reactinn pesk can be taken as a measure of the



Table 5

Qualitative DTA Peeks Identified For The Samples
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Sample

Endothermic Peaks Os

Exathermic Peaks %

Minerals Inferred

Maiduguri Soil

Bakura Soil

Wase Gidan Shehu Soil
Kkongo Soil
Kaduna Arewa Soil

Zaria Concretionary Soil
Rkure Soil
Suleiman Hsll Spil

ABU Teaching Hospital Soil
AMina Hall Scil

Student Centre

Conference Centre Soil

Islamic Centre Soil
Area E Soil
{Ilorin Test Clay Brick

135 - 160
5.0 - 620

5L - 620
125 = 152

120 - 148
50 - 623

120 - 146
5t1 - 620

130 - 186
543 -~ 560

LS2 - 622
L92 - 621

120 - 180
.68 -~ 562

L72 - 590
L32 -~ 565
L82 - 564

122 - 146
L83 - 561

L83 - 562
S0 - 563

120 - 149
L87 - 563

930 - 982

930 -982
876 - 920

930 - 982

926 - 980

930 - 979
948 983
946 - 979

951 - 976
942 - 979
938 -~ 981
942 - 981

946 -~ 982
946 - 982
943 -~ 983

946 ~ 982

[ontmorillonite
naolinite

ieclinite
Montmorillonite
Illite

Montmorillonite
Hhaolinite

FMontmorillonite
Wwaolinite

Fontmorillonite
li@olinite

i@olinite
iiaolinite

Montmorillaonite
aolinite

Hvanlinite
{laolinite
llanlinite

Montmorillonite
iigolinite

Hapolipite
Haoclinite

Montmorillonite
Haolinite
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values, although their compositions are somehow different as shown
by the DTA results. From the results it is observed that when keo-
linite is present slong with illite end montmorillonite, the sthy-
lene glycol retention and exchange capacities are increescd. This
could be due to some structural differences. In illite, some of the
aluminium is replaced in the silica sheets. The resulting chdige
difficiency is balanced in part by potassium ions between mineral
layers (Appendix G). Since the size of the potessium ion “s such
that it fits into the holes furmed'by the bases of the sillica te-
trehedral in the silica sheet, it provides a strang bond brtween
mica layers. It could then te that when illite, kaolinite and
montomorillonite are present together these bonds are not so strong
ae in illite slone, present in & sample, due probainly to some inter~
action, hence the high C.E.C values and high ethylenc retention
values.

A distinct advantage of the DTA method is the ropidity with
which a curve can be obtained. A curve covering the range 0 to
1000° can be obtained in 100 minutes at & heating rate of 10° per
minute - commonly used range. Many factors affect DTA rosults.

The temperature range investigated, for example, may hic too res-

tricted to demonstrate distinct differences. This could have been
the'remson for the loss in amount af minerals detected in the Tea-
ching Hospital and Areea £ samples. It is most probable that these

- gamples contaln some other minersls which canrmot be detected under



Table 6

m_._m:a:mﬂcm DTA Analysis Of Minerals In Soil Samples

- (5 =

Haolinite Montmorollonite Chlorite L...d.ww&m Relative
Kaolinite Montmorollonite Chlroite Illite Amount of
Quarts
Per Cent
Maiduguri Black Catton Soil 17.6 83.4L - - -
Bakura Soil 65.2 18.5 - 16.3 -
Wase Gidan Shehu Soil 32.8 67.2 - i p.- =
kongo Institute of Administration Soil 80. 4k L Sy, - i 13,7 trace
Kaduna Arewa Textile Ltd Soil N 79.5 6.1 - -\.:r.A trace
Zaria Concretionary Lateritic Soil N 100 - - - -
Akure Lateritic Seil 100 - - l; =
ASU Suleiman Hall Scil T 74.8 23.3 - 169 -
ABU Teaching Hospital Soil 98.3 - - rM. -
ABU Amina Hall Soil 100 % . . S
ABU Student Centre Soil a 100 - - H -
ABU Conference Centre Soil 52.5 L7.3 - - - trace
ABU Islamic Centre Soil 100 - - t.ﬂ».| -
ABU House Unit Area E Soil 97.4 - - - -
Ilorin Test Clay Brick Sample 50.6 9.4 - - -
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Table 6
Quantitative DTA Analysis Of Minerals In Soil Samples
Kaolinite Montmorollonite Chlorite erHWﬂm Relative
kaolinite Montmorollonite Chlroite Illite Amount of
Quarts

Maiduguri Bleck Catton Soil 17.6 83.4 - - -
Bakura Soil 65.2 18.5 - 16.3 -
Wase Gidan Shehu Soil 32.8 67.2 - » - -
kongo Institute of Administration Soil 80. 4L 5.7 - # - 13,7 trace
Kaduna Arewa Textile Ltd Soil - 79.5 6.1 - 3 e trace
Zaria Concretionary Lateritic Soil 100 - - - -
Akure Lateritic Soil 100 - - Mws a

ASU Suleiman Hall Soil o 74.6 23.3 - 19 -

ABU Teaching Inmeﬁmw Soil 98.3 - - M. -

ABU Amina Hall Soil | 100 - - Lliﬁirmu =

ABU Student Centre Soil o 100 - - rrmw -

ABU Conference Centre Soil 52.5 L7.3 - |.rr trace
ABU Islamic Centre Soil - 100 - - rimm -

ABU House Unit Area E Soil 97. 4 - - rl -
Ilorin Test Clay Brick Sample 50.6 L. b - - -
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the temperature rsnge used. A wider temperature range may therefore
be necessary in diagonistiec work. The small loss in émaunt of clay
mineral in other samples could be due to the presence of guartz
since these were indicated in very smgll amounts.

The curve prcduced by DTA is also dependent dn factors rela-
ting to equipment and other frctors mentioned earlier. These fac-
tors could contribute to moking results of two labsratorios to ex-
hibit marked differences, thus rendering identification difficult
Cven with these difficulties, hawever, the techniguec has proved re~
liable within the limits of our experimental conditions, in provi-
ding a data which has agreed within the range 0 to 2.6 + 41 per
cent for kaolinite and montmorillonite and results of the lL-ray
gemi~guantitetive analyses.

Sensitivity coupled with simplicity of results and sophistica-
tion in their production have contributed to a successful diago-
nistic work.

Chemical Analysis

The results of chemical analysis of all the soil samples in-
vestigated are presented in Table 7, as determined by mcans of
atomic absorption spectrophatometer avaeilable in the Department
and other technigues as indicated. From these resulis, apart from
silicon which has remained relatively high in-all the soil samples,
the concentrations of other elements, Na, Ca,:Zn, Cu, Hn, ctc. have

been very small, being zern in some cases (Table 7). Aluminium is
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Table 7
fusion Analysis Of Spil Samples (Weight Per Cent)

Compound Weight Per Benfh
= ; Ele;:nt Method 2
Sample Meothod 1 | Atomic Absorpbion {Mean

i Spectroscopy (AAS)
| 4| Maiduguri Semple| Ti 0. L2 0.40 B. 41
i Pb - 0. 2% : 0. 24
L Al 10.49 11. 21 10.85
Cu - .00 _ 4 0,00
Fe D.00 D.0DO B.00
' Mn 0.07 .03 : 0.04
, _ Mg 0.48 0.52 0. 50
. . ZI'I - U.UZ ) U.UZ
Ca 1.35 1.35 1. 35
K 3.54 D.56 ' B.55
Cr . - 0. 11 : 0.11
5182 51.8 50.7 = '51.25
2-{ Bakura Sample T . .31 0.32 0.32
Pb - 0.21 0.21
Al G.11 6.23 6. 17
Cu - 0.00 2.00
Fe .08 0.06 0.07
_ “n . 3. 11 0.15 0.09
- Mg 1. 36 0,41 0. 39
In - 0.00 o 0.00
Ca 1. 44 1.48 10 46
Ne . (. 11 0.10 0. 11
K _ 0.22 a.24 0.23
Cr - 0.05 0.05
: 8102 Tl - 46,9 L7.15
3. {ldage Gidan T4 0. 11 0. 16 - 0,13
. ehu Sample Ph - 0.13 .14
Al 2.21 7.94 0.08
Cu - 0.00 0.00
Fe g.05 0.05 | 0.05
Mn 1 0.51 C. 54 0.53
Mg _ 0.54  0.56 8. 56
1 Zn - 8.00 .00
Cs 0.80 0.68 [ 0.74
[ Na G.20 0. 16 g. 19
K 0.42 0.46 0. b4
CI‘ L - Dc 12 Uo 12
5102 : L3.4 43,6 43.50




table 7 cont'd.

Weight Per Cent

Compound
£1 ar ¢ Method 2
Sampl e emen Method 1 | Atomic Absorption |Mean
Spectroscopy (AAS)

ongo Sample TL 1.06 1. 11 1.09
S Pb - 8.05 G.05
Al 9.20 8.75 3.98
Cu - 0.01 0.01
Fe 0. 34 D.25 0.30
Mn 0.01 B.02 0.D2
Mg 0.36 0. 40 0. 38
Zn - 0.01 n.04
Ca 0.05 0.03 0.0k
Na 8. 15 0. 16 D. 16
“ 3.45 0. 48 0.47
: Cr - 0.00 0.00
P 8102 45,2 Lt 8 5,00
Kadung Areuws Ti 0.51 B. L9 0.50
Sgmple Pb - B.21 0.21
Al 5.10 5.21 5.16
Cu - 0.02 0.02
Fe .00 0.00 0.00
MR 0.0% 0.05 0.05
. o Mg 0.22 0.25 0.24
: Zn - 0.04 0.04
i” - ) Ca 0. 12 0.00 0.07
{ Na 0.12 D. 10 0. 11
t K 0.38 0.4L0 0.39
: Cr - 0.10 0.10
I!j o e e e e m s 5102 &3.8 . '*2. L !}3. 1[]
jZaria Concre- Ti .13 . 15 0. 14
tionary Gample Pb - 0.00 0.00
Al 5.50 5.55 5. 56
1 Cu - 0.01 0.01
o Fe 21.20 21.31 21.26
ik Mn 0.02 C.04 0.03
A Mg 0.06 0.08 0.07
¥ Zn - 0001 U.U‘?
Ca 0.06 0.08 0.087
Na J.21 0.22 0.22
K Q.21 0.23 0.22
Cr - D.00 0.00
1 Sio 43.8 49,2 49.00
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Weight Per Cent

Compound — N
or Methad 2
Sample Element Method 1 | Atomic Absorption | Mean
Bpectroscopy (ARS)
7 ] Akure Sample Ti .14 0.15 8.13
- Pb - D. 02 D. 02
Al 4.90 L,87 4.89
Cu - 0.01 a.01
Fe 16. L8 17,30 16.89
Mn C.00 0.04 D.00
Mg 0.21 0.23 G.22
Zn - 0.01 0.01
Ca 0.11 B8.09 0.0
Na 0. 18 g.16 0. 17
1] 0.12 0. 13 0.13
CI‘ - n. UU Do 00
5102 46.9 45,3 L6, 10
0- 1ABL Suleiman Ti 0. 15 0. 18 0. 17
ample Pb - 0.05 0.05
Al 6. 10 6. 2 6.15
Cu 0.00 0.00 0.00
Fe 3.21 3. 14 3.18
Mn 0. 14 0.12 0.3
n - 0.03 0.03
Ca 0.05 o.08 0.05
NB D. 21 D. 18 Da 20
K 0.25 .28 0. 27
Cr - 0.13 0.13
r 5102 43.2 L3.6 L3,40
9. [ABU Teachin Ti 1.15 1. 30 1.23 1
spital Sample Pb - g.12 0.12
Al 5.60 5. 40 5.50
¢ Cu - 0.02 0.02 |
Fe 9.82 10. 20 10.02
Mn c.0% 0.03 8.04
Mg 8.21 8.25 0.23
Zn - 0.00 0.00
Ca 0. 14 0. 21 0.18
Na B.15 D.15 0.15
K 0.23 0.25 0. 24
1 cr 5 - D.Uﬂ 0- UU
8i0 b4,6 43.9 by, 25

™
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Weight Fer Cent

5i0

Compaund T
or Meth
Element ethod 2 <
Sample Methwod 1 } Atomic Absorption { Mean
Spectroscopy (AAS)
{ ABU Amina Hall Ti 1. 21 1.25 a.zu
Sample Fb - 0.20 .20
Al 6. 34 6. 2L 6.29
' Cu 2.00 0.00 c.00
Fa 3. 1M 4L,,22 3.68
Mn 0. 12 0.13 8. 13
Mg 0. 19 0.22 0.21
In - 0.05 6.05
Ca 0.21 0.21 0.21
Na G. 20 0.18 0.19
K 0. 31 " 0.35 0.33
Cr - 0. 11 U. 11
8102 L6, 2 46.7 L. 45
ABU Student Ti 0,92 1.02 0.97
Lentre Sample Ph - d.11 0. 11
Al 5.20 4.93 5.07
Cu - 0.12 D. 42
Fe 4. 60 1,82 41.70
Mn 0.00 0.00 0.00
Mg 0.40 0. 44 0D.42
in - 0.002 0.002
Ca 4 0.903 0.05 0.04
Na 0.1k 0.5 0.16
K 0.34 0. 36 . 0.35
Cr - 0.00 D.00
5102 ] Wh.3 L, 1 Lt.05
ABU Conference Ti 1.31 1.21 1.25
entre Sample Ph - 0.20 0.20
Al 8.60 8.46 8.53
Cu - 0. 11 0.11
Fe 0.21 0.32 0.27
Mn 0. 16 0.18 1 C.17
Mg 0. 48 0.49 B.47
n - 0.05 0.05
Ca 1.21 1. 21 1. 21
Na 1. 10 1. 12 1. 12
K C.ui 0.L2 1 0. 41
Cr - 0.00 ] 0.00
[ Le.2 45.9 46.05
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table 7 cont'd.

Weight ['er Cent

Compound
or Method 2
Sample Element Method 1| Atomic Absorptlon Mean
#_ ' o Spectroscopy (AAS)

ABU Islamic Ti 0. 46 0.48 0.47

entre Pb - 0.13 0.13

Al 7.23 7.21 7.22

Cu - 0.05 .05

Fe 0.85 0.93 .89

Mr 0.05 8.12 g.09

Mg 0.02 0.0& 0.03
Zn - 0.002 0.002

Ce 0.08 0.06 0.07

Na 0.22 0.20 0.21

[ g. L6 0.50 0.48

Cr - g.10 0.0

Sinz L3.2 63.2 L3,.20

ABU Ares E Ti 0. 11 G.13 0.12
Pb - 0.10 0.10

Al 5.58 5. L7 5.53

Cu e 0.0a0 g.00

Fe 22.52 22.66 22.5%

Mn 0.03 0.02 0.03

Mg 0.02 0.0t 0.03

Zn - 0.00 0.060

Ca 0.05 0.07 0.06

Na 0.30 0. 3t 0. 32

# .58 0.57 0.58

Cr - 0,00 0.00

5102 47,3 L7,2 47,25

Ilorin Test Ti 0.20 0.21 0.21

EIay Brick Pb - 0. 10 . 10

Al 6.58 6. 49 6.54L

Cu - 0.02 0.02

Fe 0.35 0.41 0,38

Mn 0.00 0.40 0.00

Mg 0.15 0.18 0.17

Zn - 0.01 0.01

Ca 0.1 8. 15 8.15

Na 0.1 0.16 0. 15

] 0.328 0.40 D. 39

Cr - 0.05 0.05

Sio 48.0 L8.3 48,15




Method 1
(1)

(ii)
(iii)
(iv)

(v)

(vi)

Gravimetric Method (Ti, Al, Fe, 5102)
Pericdate Method (Mn)

Ammonium Phosphate Method (Mg)
Oxslate Method (Ca)

Uranyl Zinc Acetate Method (Na)
Cobaltinitrite Methad (K)
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also present to a reasonable level in gll samples whereas there is
a non existence of iron in the Maiduguri Black Cotton and liaduna
Arewa Textile Ltd., soils. The presence or absence of any parti-
culer element is of course dependent on the clay .mincrals present
in a perticulsr enil. For example, as could be expected, the la-
teritic soils (Zaria and Akure samples) have been scen to contain
significant amounts of iron.

The fairly bigh aluminium contents of semples containing mon-
tmorillonite compared to soils containing kaolinite could be due
to structurel differences, where aluminium normally repiaces.aili-
con in the silica sheet of montmarillonite (1). The theoretical
composition of montmorillonite in the absence of lattice substitu-
tion is (DH)hSiBnlhﬂéﬁJ\(interlaqer) H,0, hence it !s not surprising
that soils containing montmorillonite clay minerals have shown
higher aluminium contents.

Magnesium appesrs to have been fairly constant except for the
Zarig concretionary lateritic end Abmadu Bello University House
unit area £ spils, This result is in agreement with the work re-
ported by Ojunuba (43). The significant difference in the magne-
sium content observed compared to othzr samples somehow agrees with
Lombin and co-workers (59) suggestions that the maonesium status
of Nigerian soils is a function af parent materials and organic mat-

ter, the latter being governed by climate ang vegetation., The Akure
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lateritic soils thus contains a8 higher emount of magnesium than the
Zaria lateritic suils since the former is located in the forest zones
aof Nigeria. The relatively higher congentrations of magnesium in
the Kongo, Teaching Hospital and the annference Centrre soils
could probably be attributed to constant burning of veoetation
around the location of the samples.

Montmorillonite containing samples_lcnntain higher concentra-
tion of calcium. This is possibly due to the fact that calclum -

bound muntmurillunite is more stable than for example, monovalent
ion (e.g. Na)-bound montmorillonite (60).

Since anbydrous mica (illite) minerals are the anly minerals
commonly found in clay size fractions of spils that contein potas-
sium in theivjstructure, a knowledge of the potassium, hence potas-
sium oxide (Héﬂ) content ccn agid in both gualitative and guantits-
tive determination of illite.

fFrom the results obtained for potassium, it can be argued that
none of the soil samples contains illite as earlier deduced Trom
the rasults of other methods of analysis. It is howevor possible
that illite might be pressnt in the samples indicated (Ta?le 6)

but thaot there might have been interlayer cations othoer "thén -

motossium. y Y A - o ' .
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3.7 [General Discussion

The presant analytical study has tried to identity both cley
mineral contents and elemental constituents of some Nigerisn soils,
The type of clay mingrals present in a particular soil plays an
important role in the determinetion of some behaviour in cxpansive
and non-expensive soils. Of the three types of clay mincrals -
illite, kaolinite and montmorillonite detected in the samples, the
Jatter possesses the sbility to swell most., The swelling poten-
tial of expansive clay minerals is dependent upan the crystal let-
tice structure, the structure of the clay mass and the catlon ex-
change capacity af the minersl (61).

The findings from these sesnalyses could be of cconomig impor-
tance. As mentioned above, kaolinite minerals do not oxpand to
any apprecislbe extent that could cause damage to different struc-
tural applicetions.(see Appendix G), due to the stable structural
composition, Majority of the samples analysed showed high per-
centages of this mineral and the inference that may be drawn from
this is that the 'status' of these soils in terms of stability, as
a construction or foundation materisl is gonod (1) and would be of
valuable economic importance to construction engineers and indus—
triaelists who are interested in clay brick industrv. Although
montmorillonite containing soils could nevertheless Lo used like the
kanlinite, it poses some important economic problems. Such pra-

blems will be mentioned and suggestions would be made as o what
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precautions weould be teken in using such expansive soils as a
construction materisl.

Documented evidence of the exlstence of problems assoclated
with expansive clay soils is not isolated but world-wide, having
oceurred in such places as Africe, Australia, India, SGouth America,
United States, as well as regions of Caneda (62). The problems
with foundations on, and building with expansive solls have inclu-
ded heaving, cracking and break up of pavements, building founda-
tions, slab-on-grade members, channel and reservoir linings. The.
costs of these damages in the United States alone amunt to some
123 billion annuslly, more than twice the demage from Tloods,
tornadoes, hurricanes and earthgueskes (62).

Structures constructed on expansive clays induce hzave from
a variety of reasons - shrinkage from the reduction of moisture
caused by egvaporation or evapo-transpiration of vegetation, and the
subsequent increase ‘in soil moisture. Environmental and loecal
conditions of e particular area in which expansive soils are loca-
ted play an important role in the behaviour of such snils. The
locel conditions include breaskagz of weter drains and pipes, poor
drainage of surface waters, local evaporation from heated areas
such as fire places, bpilers and furraces. Environmental Tactors
include frequency of rainfell, rate of evaporstion slong with the
depth of expansive clay and the activity of clay under these

conditions (63).
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Previous construction procedures for small stiructures such as
single family residential buildings in Nigeris were basocd primarily
on cbservations end local experience, often without adequate con-
sideration of the spil charscteristics. WNeglect of thesc charac-
teristics and properties is reflected in the numerous structural
demages in many parts of the country. Correlation betwecen these
gamages with incidence of expensive soils and adverse climatic
conditions is not too surprising. However, this should not pose
g dreadful qhalienge since after careful analyses.and the minerslo-
glcal composition of the soil is known, steps can bo taken to mini.
mise occurrences of adverse damages to structures.

Swell potential leading to expansion end consequent heaving
of foundetion solls end structurees depend on the followinng para-
meters (64).

1. thickness of the clay minerals strata

2. surcharge of }Joad (overburden)

3. water table depth

b, soil moisture suction

5 sir~entry characteristics
B. 6. horizontal or vertical stress in the spil

7. the amount of activity by clay (e.g. cation oxchange)

8. depth and nature of seasonal moisture change

9, leskage of water from sewer lines

10. soil density

11. Time,
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The composition of any particuler soil sample can be used by

a construction enginecr for the determination of other Tectors.
fiese factars can be determined using four tests - Tree sucell

index, Atteberg's limits, collocidal content and consolidation test.

Of these four tests, the free swell index appeers to be the mast
critical in determining swell potential, since its value depends

on the mineral type and the amount present in the soil, which

then accounts for gll other factors (65); hence identification

and guantification is a criticel factor to the construction
engineer.

After coreful identification and quantification of the clay
mineral type, decision can he taken regarding modifications of the
soil before any construction work ig carried out with or ar: the
goil., Modifications generally involves stabilisation of the clay
mingrals if it is known to be expansive or mixture of expansive
and’nnan expznsive type.

There are a number of technical operations which can be used
to minimise heave in & particular expansive soil. These methods
may include compaction control, prewetting, maintenance nf constant
water content and chemical and electro-osmotic stebilisation teche
niques. Any of these mathods may be applicable depending on soil
conditions, type of construction material and accessihility of equip-

ment at the construction site. The success of any stabllisation



L 99-

technique depends on a consideration of the applications and limits

of that particular technique.

1o

2e

3o

lre

Prewetting - the purpose of prewetting is tc allow dessicated
foundation soils to swell prior to placement ol e structure
One of the most common wetting methods is ponding aor submer-
ging an area in water (66).

Constant water content - most moisture control methods are -

appliud .around, the perimeter of~structures in an attempt to -

- minilmisé edge wetting or drying foundations (67). Onc of the

common methods of maintaining gonstant moisture is thoough

the installation of impermeable barriers and adequatc drainage
system and control of vegetstion coverege.

Chemical stabilisation - this is achieved hy addition of che-
mical additives such as lime and cement (68), Orgsnic chemi-
cals such as 4-Tert-Butypyrocatechol and arguard ZHT, Tly ash
and other compounds show some promise ss agents thot will -
reduce heave in expansive soils (69).

Electroosmosis - this stabilises expansive clay suils primarly
primarily by dewatering end ion exchange proccsses, although

some cost of electricity may dempen enthusiasm Tor the use

of this method (70).

When all precautions are teken some structural modifications

may be included as an aid to successful construction using axpan-

sive soils. The design of structures should be based on the sub-
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goil and site conditions, and probably estimstes o hesve and ac-
cidents from existing and average environmental conditions. Apart
from the amount and clay mineral type, & descriptinn to aid in the
behaviour of the subsoil properties should also include such things
as soil colour, aorigin, herdness, fissure, particle size, all of
which are well known engineering praperties, and speclial features
as roots and lime modules (71, 72, 73).

On the agronomical use of the samples anelysed, the results
of the analyses indicates that most of the soil contains the mineral
elements essential for plant growth. This information, together
with more details about the content of other inorganic constituents
such as phosphorous and other mkrace elements ete., may be necessary
to fully classify the soil. However, the results of the snalytical
studies have provided some informative data for some clemental cnh-
tent of the samples.

The accurecy and precision of each method were found to be goad
the crrors and relative mean deviation rarely excecding 3 ner cent
The mccuracy and reproducibility of methods were obtalred by carry-
ing out three or more replicate analyses on the samples. Again,
methods exhibit an acceptable degree of accuracy.

On the decomposition procedure, a number of workers (21, 42,
i3, &7, 48) have pointed out the high efficiersy af anhvdrous

sodium peroxide fussion for socils and silicate meterials. Any
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errors which could have arisen from incomplete dissolution may be
deemed minimal.
1t would sppear that the decomposition procedure adapted -
sodium peroxide fussion, provides & rapid méana of getting all the
materials in a soil sample inum aolution, Analyses Tor mutals
and silicon can be carried out by making dilutions ni the originel

stock solutions.
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3.% Summary Of Results
The materials were analysed using the different.rtechnigues
discussed. (ualitative and quantitative results have been obtained
and discussed. Chemical analysis has shown that the diffecent goil
samples contain at least the major elements pres@at in clays iden-
tified in each soil sample. From$the emperimental results, the fol-
lowing guantitative and quanlitative results have been obtained.

3¢041 Mgiduguri Black Catton Soil

On the bagis of Differentisl Thermal Anglysis, montmorillonite
and kenlinite are the dorminant minerals. Thig isg confirmed by the
results of X-ray anslysis. The values of cation exchangc capaclity
gnd glycol retained when compared with standard (c.7 Table 4§ and 2
and Appendices A and B) indicate the dorminant influence of wmont-
morillonite. The quantitative results or the percentsge composi-
tion is selected from the results of semi-guantitative analysis
on the basis of the afore mentioned results. Thus the scil can
be said to contain gbout E3.4 per cent mnnfnmurillunitc and 17.6
per cent kaolinite.

The major constituent element of this soil are silica (51.25%)
and aluminium (10.85%) C.E.C = &1.9 meg per 100g soil and glyeol
retained 78.7 mg/q soil.

JeBe2 Bakura Soil

From the differential thermal analysis, montmorillonite, kaoe

linite and illike have heen confirmed. The X-ray analvsis confirms
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the presence of all the three minerals. The values o7 C.E.C. and
glycol rctained compared with those for standard minerals (c.fi.
Tables 1 and 2 and Appendices A and B) also indicete that kaolinite
is the lsrgest guantity. In fact kaplinite constitutc 65.2 per cent
montmorillonite 18.5 and illite 16.3 per cent. The orocatest single
constituent is aoain silica L7.15 per cent followed by aluminium

6. 17 per cent. The C.E.C. = 9.8 meq/100g soil and glvcol retained
53.2 mg/g soil.

3.0.3 lWage Gidan Shehu Soil

The DTA econfirms sthe presence of montmorillonite and kaolinite
X-ray results also confirms the presence of these minersls. From
the values of C.E.C and the glycol retained, montmorillonite can
be inferred to be dominant. The most approximste percentage com-
position is selected from the semi-quantitative results to be mont-
morillonite 67.2 per cent while kaolinite was found to be 30.2 per
cent, The silica content was found to be gbout 43.50 per cent.

All other elements present were fairly low except aluminium which
was found to be sbout B8.08 per cent. The C.E.C was 16.0 meg/100g

s0il and glyecol retained 63.5 mg/q soil.

3.8/ Institute of Administration Kongo Spil
The DTA analysis indicates montmorillonite, kaolinite,illite
and a trace of quartz. This recult has heen conflirmed by K—rayfeauit

The approximate composition of the soil is montmorillonite 5,7
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per cent, illite 13.7 per cent and kaolinite 80.& per cent. From
the properties of the soil, montmorillonite is not indicated. Geo-
logicselly the soil is lateritic and laterites contain no montmoril-
lonite. The presence of this mineral is therefore very doubtful and
might have probably existed as 8 trace. The silice coutent wes

5.0 per cent while aluminium was 8.98 per cent

C.E.C = 14,6 meq/100g sail and glycol retained = (0.0 mg/g soil.

3.8.5 liaduna Arepwa Textile Limited Soil

i —

DTA analysis suggest kesolinite, illite, mentmorillonite and a trac
amount of quartz.  X-ray diffraction analysis conTirms all the four
minersls present, The percentage composition is kanlinitoe 79,5
per cent, montmorillonite 6.1 per cent and illite 7.7 per cont,

The major elemental constituents were aluminium 5,16 per cent, and
silica 43.10 per cent. C.E.C - 8.2 meg/100g soil end glycol re-
tained = 49.3 mg/q spil.

3.0.6 Zarig Concretionary Laterite Soil

DTA and X-ray analyses confirm only kaolinite. The soil is
lateritic- ao.the presence of kaolinite is justified. The major
constituent include iron 21.26 per cent, aluminium 5.56 ner cent,
gilica 9.0 per cent and kaolinite 100 per cent. C.0.C. = &,2

meq/100g s0il and glycol retained - 22.5 mg/g.
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3.0.7 Akure Lateritic Seoil

This soil appears to be basically the same as the Zaria soil,
though they are from two different places. The major constituents
were iron 16.89 per cent, silica 46,10 per cent, aluminium 4,89
per cent and kaolinite 100 per cent. C.E. C. = 3.9 meg/100 g
s0il and glycol retained = 23.1 mg/g.

Zuale0 Suleiman Hall Soil

From the DTA and X-ray diffraction analyses results, this sam-
ple contained kaolinite, 74.8 per cent, montmorillonite Z3.3 per
cent and 1llite 1.9 per cent. The silica content was as usual
high, about 43.4 per cent and sluminium 6.15 per cent, C.E.C =
11.5 meq/100g soil and glveol retained - 50.2 mo/g soil.

3.,8.9 Teaching Hospital Soil

Both PTA and X-ray analyses suggest the presence of only keo-
linite, The percnetage of the mineral was about ©0.3 per cent.
Analysis shows the absence of mantmorillonite. This dogs vot
imply that only kaolinite was present. There were other minerals
probably present but these might have been just iraces uhich could
not be detected by the technigques employed,

The irom content was 9.832 per cent, aluminium 5.50 per cent
and silica 44,25 per cent, C.E.C, ~ 9.3 meg/100g soil and glycol

retained 24.2 mg/g soil,
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3.0.10 Amina Hall Spil
Analysis of the sample shouwed the presence of only kaolinite
{100 per cent), Both DTA and X-ray diffraction analyses gave
100 per cent kaolinite. Other major constitusnts includﬁ alumi-
nium 6.23 and silice 46,42 per gent, C.E.C, = 12,4 meg/100n soil
gnd glycol retained - 23.6 mg/g soil.

3«11 Student Centre Soil

This soil, like the Amina Hall sample was Tound to contain
only kaolinite, The percentage composition of the soil was found
to he kaslinite 100 per cent, silica 44,05 per cent and aluminium
5.07nper cent plus other minor constituent elements. C.i.C. @ 13.6
mee/ 1000 soil and glyecol retsined 24,2 mg/g sail.

3.0.12 Conference Centre Spoil

From the DTA, montmorillonite and kaolinite have been shown
to be present Andthe quartz as a trace. X-ray diffraction analysis
confirmed the presence of all three minerals. The percontapes of the
the clay minerals were keolinite 52.5 per cent and montmorillonite
;7.3 per cent. Themsilica content was found to be 46,05 per cent
while eluminium was 8.53 per cent C.E.C, - 22,86 meq/000 scil and
glycol retained = 67 mg/g soil.

3.8,13 Islamic Centre Soil

Anglysis of this soil employing DTA and Xeray indicatos the

presence of a predorminantly kaclinite mimeral (100 ;or cent).
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The silica content waes &3.20 per cent and aluminium 7,22 per cent.
£.E.C. = B.4 meq/100g soil and glycol retsined - 23,84 mg/o soil.

SeDe 1!5 Area E Spil

This soil is similar to the Zaria concretionary lateritic
soil, containing principally kaolinite, 97.4 per cent. There is
the possibility of the presence of nther clay mincrels but these
weremnot detected. The dsilice content was 47.25 per cent, alu-
minium 5.53. per cent and iron 22.59 per cent. C.L.C. = 3.0 meg/
100g soil and glycol retasined = 23.9 mg/g soil.

3.0415 1lorincClay BArick

The presence of kaolinite and montmorillonite in this sample

was detected by X-ray diffraction analysis and confirmed by DTA,

’The approximate mineralogical composition is of the order of, kao-
linite 50.6 per cent and montmorillonite 49.4 per cent. The silica
content was very high, about 48.15 per cent and gluminium content
was 6.54 per cent. C,E.C. = 23,2 meq/100g soil and glycol retaine
ed -~ 68.4 mg/g s0il.

The analysis of this sample has been of significance consi-
dering the recent interest in clay bricks and the Tact that the
results might provide some valusble data concerning mineralogical::
properties of clays suitable for clay manufacture.

Montmorillonite is one of the chief clay minersgls in this

brick sample. A montmorillonite clay is made up of nunerous
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flakes and requires much water to saturate the individual particles
thereby giving the mixture a plasticity that is best For oulding.
Montmorillonites slso take considerable water into their oxpanding
lattice layers espectally those types with sttached alkali (sodium)
ions).

The aresultff of the chemical tests show that thers are large
ampunts of refractory substances - SiDz and ﬂ1203 in the clay brick.
The sample is correspondingly -low in alkalines, wagnesium and cal-
clum oxides as well as other fluxes.

Hecause of the high ratic of silice end aluminium tu ?1uxea,l
Ca0, MoO, Hzﬂ and NaZD, the clay brick would require Tiring tempera;
tures somewhat high abeve average to produce sultable burnt bricks.
This in effect may inflate operation costs of non-vitrificd clay
nroducts such as cdnmﬂn bricks.

The absence of illite is unfartunate since the presence of this
mineral could have increased the iron content of tho sample, since
illite has Fe, Mg, and K in its lattice structuru. This is because
iron oxide acts as pigment and sometimes as & fluxing egent. The
myst important quality of fired clay products is its colour, for
largerly upon colour depends i€s utilization; and iron, nerhaps

as the oxide, could produce all sort of colours depending umn its

grain size and concentraticn.



3.2 Conclusion
The Tollnwing conclusions have been drauwn from the results
uf this analytical study.

3.921 Soil properties and mineralogy can be determined using the
analytical wethods employed. Soil properties and behaviour depend
very much on the subsoil composition, -

34942 Most of the soil samples analysed were found to contain kaoe
linite and would be good for construetion work. However, some of
the soils containeg montmorillonite and would pose some problems
common to expansive soils, The Meiduguri 8lack Cotton soil would
therefore need much engineering modification if it is to be used
for any construction work since its montmorillonite content is
high and would therefore be liable tp expansion and heaving.

3.9.3 Samples from Jos and Ahmadu 8ello University Converence Centre
which contained mixed amounts of kaslinite and montmorillonite could
be used for construction without the fear of cracking and heaving
if some simple rules are observed. The suggestions onutlinod above
could bhe considered along with some pther sengincering modifica-
tions of the soils.

3e9eb The Ilorin clay brick sample contains mixed minerals mainly
kaolinite and montmorillonite. It has significant amounts of re-
rractory substances which are necessary for bricls but lacked suf-
ficient iron to warrant production of fire clay products with dif-

ferent colours.
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3.9.5 The decomposition of the soils by fussion with sodium peroxide
is rapid, ralatively easy and gives sccurate results. It glso has
the advantage that all materials could be got into solution Tar
subsequent estimation of the constituent e%gments by suitable
common classical and instrumental analytical.methods.
3a9.6 Results of the chemical analysis showed that all tho soil
samples contain varying but significent amount of silica and
gluminium but low in the alkalings. The variation is probsbly
dug to the clay mineral contents of the soils. The presence or
gbsence of iron in any soil is slso thought to be due to the mine-
ral type present and location of the sample.

3.0 Suggestiuns For Future lWork

Some aspects of the analysces in this investigation would merit
further work.

301041 There is no analytical data on the amounts of trace clements
and guartz contained in the semples. Avmore detailed composition
could be obtained if these minersls can be analyscd Tor, using some
of the methodes employed or other suitable methods.

e 1062 Further work is glso desirable an the mineralooical composition
of soile from other localities end sites in Nigeria. Such analyses
should not be restricted to cley and metallic elements alone but could
be extended to include the non-metallic elements like phasphorous,

sulphur: and carbon.



3103 The analytical data on the lateritic soils where iron uaé in-
dicated to be high can be extendsd to include phosphorous and sul-
phur contents which are important factors in deciding the sultabi-
lity of a particulsr iron ore to specific iron snd steel making
processes. It could alsoc be desirable to estimate what percentage
of the iron is Fel, Fe,0, or limanite (FezﬂJ.BHzﬂ).

3.10. 1% fimally, investigation of two or more different methods of de-
composition of soils could prove a useful excercise, This would

enagble comparison of results obtaimed using different methods

possible,
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APPENDIX A

Summary of Clay Mineral ldentification Criteris Re?e;thu Data For

. _Clay Mineral ldentification (-2 i Fraction) Nef
X~-Ray® Glycol! CEC Kol b
Clay d(og1) a° mg/g | mea/100qg g DTA
Kaolinite 7 16 3 - 15 o [ind. 500 - 6607
. 900 - 9759
Dehydrated Somc as haolinite
Halloysite 7 35 5 - 12 0 [sut eono peak
Hydrated r o
Halloysiste 10 60 > =~ 40 0
} i o
Clay mica End., 500 -~ 650
{(Iilited 10 &0 8- 10 a (broad)
‘ (nde 000 - 900°
] (hrnad)
Lxo, 250
Vermiculite b 10 - b 200 180 - 150 0
Smectite A R End. 600 - 750°
Montmorillanite] © ~ 16 300 180 -150 | 0 deng: ongo” -
RS Yoo s | L ' Lxo. 950
Chlorite |  14° 30 | 10 ~ 4O 0 lind. 810 £ 10°
Note (8) Heat trestment will accentuate 14A° 1inc and wesken
78° 1ine,
(b) For clays prepared at same relative humidity the

size of the 100 - 300°C endothermic (adsoribod
water removal) incremse in the nrder WKaolinite,
11lite, and smectite :

+




I APPENDIX 2

_EEC OF Some Hnows Miresnis (Rof. 1)

- -

: Mimroals 3 CEC (meq/1000)

- e—

| Kealinite 3= 15
_IHallcysitc vlenyrratad) 5 = 10
ﬁallnysiﬁ: (Fydeates ' 5 . 4H0
Montmorillonite J 80 ~ 153

Poanireniss 110 ~ 1373

ISREET i N - b
Vomminaiise M0 . 150

Slanita { 10 ~ 40

h !
. i T . e -~ eyt = b g " g ~ure st - -




APPENDIX C

Diagonistic X-Ray and DTA Values For Some Minerals Found in Spils

(Ref. 2)

T

Strongsst X-Ray

Strangest DTA

Strungest DYA

Mineral Peaks d(ADQ) Peaks. Endo= peaks. Exother-
thermic “C mic OC
tgolinite 7.15, 3.57, 2.33 550 -~ 600 950 - 980
Chlorite .0, 7.1, 4.7 600 ~ 650 340 - 900
] Clay mica 10.0, &.5, 3.3 550 - 600 ahnﬁt 500
ottt ) - s, s :
150 - 200
i, | oo e :
Vermiculite .= 15, 3.5 150 - 200 -
Allophane about 150 about 980
Quartz 3.2, &0, 1.8 - -




AFFENDIX D

guantltles of Ethy]ene Glycal And Glycergl Adsorbed By The Different
lay Minerals : (Ref. 1)

Quantity absorbed per gram af oven
- Dry Mineral of Indicated Varticle
Diameter (g)

Mineral Adsorbate | 2 ~ 1y m 2um 0, 4
u-—q-
, . Glycol .01 0.016 1 0.027
haolinite Glycerol .01 B.023 | U.033 J
Glycol 0.0209 0.03:2 } B.0L76 §
Halloysited Glycerol | 0.0255 0.0:18 | 0.0580
I1ite { Glycol 0. 0430 0.0610 l 0.0790
: Glycerol . 0500 0.0730 0.0960
: (a) ' 3
Glycol 0.03117 § 0.3117
Montmorillonite Glyceral(b) 0. 6140 ! 0.£110 |
(c)
. . Blycol 0. 1951 0. 2122
Vermiculite |} gy cerg1(S) 0.2294 | 0.2393
Glycol 0.1200 { 0.1300 { 0.1&00
Allophane Glycerol 0.1470 | 0.1509 | 0.1700 |
{ Glyeol 0.00L0
| Ouartz Glycerol ' 0. 0033

(a) d(oo1) = 47,1A°
(b) d(0D01) = 18.4AR°
(c) d{001) = 14.3A°



APFLNDIX E

————

A-flay Powder Datg For Kenlinite (Ref, 74)

Spacing d(A”)

Relative Intensity

e

7. 16
L, he
L.18
5,57
3.37
2.558
2. 491
2.379
2. 338

10

10

O o, O o~




A=Ray Date For Quartz

AFPENDIX F

(Ref. 74)

Spacing d(A°)

Relative Intensity

L. 26
3.3L3
| 2.u58
2.2082
2.237
2.123
1.980
1.917

1.901

35
100
12
12

17




APPENDIX G

Diagrams And Properties Of Clay Minerals (Ref,_ 73)

MINERAL

Property Kaolinite Tilite Montmorollinite

Schematic Structure(ﬂ)

G
*
2]
G
: [s \
Particle thickness 0.5p - 21 0.003y - 0.1y 9.54°
" i

Particle diameter,

in microns 0.5p0 = by 0.5u = 10y 0.5 = 104
Specific surface in =
Sp meter per gm 5 - 15 65 - 100 600 - 6800
Cation Exchange capa-

city (meq per 100g of | 3 - 15 10 - 40 00 - 150
clay)

Maximum swelling es 8
percentage for surcharge

load, in tons per square

foot

01 Negligible 350 1,500
0.2 Negligible | 1,500 350
.
%G = Gibbsit Sheet; S5 = Silica Sheet; K = Potassium Ion H




SAMPLE LOCATIONS(n capital letters)

GAMBORU
e maiduguri
BORNO STATE

*BAKURA

@ Sokoto
Sckoto State

« Bauchi
Bauchi Sate

*Minna
Niger State

@' [LORMM~ o __
Kwara State 30
;m%»z. Gongola State _
O<O State o Makurdi 7_
Benue State % |
Abgokuta
aun
agos s

tﬁmw abar |
Cross, River State

<=




