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A3STRACT

.. 0 analytical Studies of some Building Materials such as
soils fro.?2. Birinin Kebbi, Zaria and Makurdi; clay from Tsambe,
Scioto, Ogbcl'iri.! Itak Ikot pnd Durumi; Limestcns from Ifon; and
marble from Jakuru, have been carried out to study their chemical
composition* The analysis of the samples included the determina-
tion of loss on ignition and the determination of SiO , Al,0",

FGcv, CaO, MgO, KO, Na,0, Li,0, Ti*O, P,0_ and MnO" (or Mn,Q, in
i & a J- £5 * AN

case of cement sanples). In addition, the insoluble residue and
sul phur trioxide* SO, were determned in case of the cenent

Sanpl es, Loss on ignition, insoluble residue, sulphur trioxide,
and th© main silica were determned gravinetrically; Al ,0 , CaO

and MpO titrimetricallyj rec? dual silica, Fe 0 . Ti"O P,0 and
23 ?. ?, 5

1IN0, (or 1Ji 0 ) spectrophotometrically; v/hile the alkali oxides
ucro determined flame photometrically.

jho sa;. lo solutions used for the determination of all the
oi'-idos [except for the sulphur trioxide and the alkali oxides),
Jore prepared by tv/o decomposition methods, viz: the alkali
fusion (I'x,CO /ur"CO ) followed by dissolution of the melt in
.y:".roc:loric acid for soils, clays, limestones and marble; and
acid decomposition (HCl1l) for cements.

**ije sample solutions used for the determination of alkali
oxides (i:o0, Na 0, Li,0) were separately prepared by the acid

decomposition methods: nitric acid/sulphuric acid/hydrofluoric
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for their contructions and sugorests that soils used for

colls moec
conptructing mud-huts shculd normally be supplimented with

The results also indicate thet some cf the

~dditional limes
calieotn inseried intce this country do not have sufficient lime

suggest that the poor ocunlity <of some of the buildiag

. ey
5]
Hys.

consent;
cngineering works constructed using cements could be due tc U

oy Td
Cedak.

sullicient amcunt of lime in some of these cements,

1z&s o



CHAPTER I

INTRODUCTION

L]
12 yncludes stones, clnys, peoilc,

The term "3uilding Material®
ccuonts, naints, plasters, bitumen, felt, met:-ls, etc., ctice Tho
Dreogent worl is, however, concerned with only three tyres of
thoge building materinls, namely, soils, clays and cementsze A

brie? explanaticn of each of these Building Materials in the

context of the present work is given hercunder.

i=1 Soils:

The woerd s0il is used in several different scenscpe To

3

e

the ogriculturist soil” refers to the superficial layer of
the terrestrinl gleobe capable of producing plant cropso,
vhereas to the pedologist, it is o layer in which chenical
and physical changes have taken place. To the civil cnglacor,
errth or soilh's iz any unconsolidnted material composod of
discrete solid poarticles with gases or liguid betwecenes It iso
the unaggregated or uncemented deposits of mincral and/or
orgonie particles or fragments covering lorge portiong of the
earth's erust. Soils vary very widely in particle gimecs The
mascimum nize& thot qualifies soil is defined by the functilon

involved; it may extend from only o fraction of a miecron iIn

¢iometer up to many feet in dicmeter.



546

Soils include a wide variety of mnterial such cs tlo
grwel sand and clay wixturcs deposited by glaciers, tho
alluvinl sands and silts and clays of the flood plains of
rivers, the goft marine clnys and beach sands of the coant,
o nixture of the fine particlec erroded from rocks of tho
loecality ond various plant ~and animal matter, both dead end
living, and even cinders, bedsprings, tin ec-ns, and achoa of
the city dump. Soil can be a2 well-defined mixture of o fow
cpeeific minerals or a choatic mixture of almest anyildag.

It forms = layer only a foot or two thick, sometimes shallosror,

sonetimes deeper, on the surface of the underlaying rocizg.

= Clryso:

R

7:8:9 is regarded ns the active mineral nortion of

Clay
tiie secil composed of particles less than 2 nicroms ef’ectivo
di~reter and has a specific mineral composition, cnd forza
n eccherent stichy m~ss when mixed with watery when wet this
mags is readily mouldable but if dried it becomes hrrd -ad
Grittle and retaing its shapce Morcover, when €ired,; it is
converted to a rock-like mass which is no longer suscoptible
to the nction of water.

Geologically, clays are considered to be a type of
sedimentary roek formed by wceathering 'nd sedimentation of

10,11

thic igneoupg rockss. The chemiczl reanctions giving riso

to the form~tion of cl-ys are exemplified by the decomposi~



tion of the alkali felspar prescent in plutonic rocizs

gucii as syenite nnd graniteg-

X,.0A1,0 .58i0,_ « 31i,0 « COZ - A1?03-2510,¢,..Z-I,,0
r £ 4 & r

23 2 o]
Crthoclase derived from Clay
felspar pereclating

water

+ LBLT,. & 1'-..3‘33

Ronwows”. 4 SOhr
by puindnag water

Ca0e A1 0 225i0 _ + 3;.'?0 + 2CO, — -~ A1 0O, .28iC .:‘.::,,_0 +

2°3 2 3 2
Flrgiocclase felspar ca{Hco )?
~nerthite in 34
grenite Clay

Thus elqry is2 chemically ~n alluminosilicate. DilZeron
" . » 11,172,113
tyoes of clays have bheen described in literature -

These clays differ cnormously in composition and pronoeriioose

Comentﬂ%ny be definced as any plastic materinl emnloyoed
12 produce adhegion hetweon stones, bricks, ectc. in tho
conctruction of building =nd engineering works.

Coment pliys a very vital role in modern construction.
A bricf history of its manufacturc, an outline of tic ‘rogont

orotuction precess, =né the different tynes of cemonic

cvail<ble today nre hereby discussed.
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5?5}2; 1iof Cement g

The Egyptians werce the first people to use the oragent
foy oystom of uniting blocks and slabs cof stoncs with a ncré~r
nofe of o mixture cf sand with a comentitious material whieh
W~ obtained by burning impurce gypsum. The mixturce obt-dnod
h-d irregular sctting propertics s the gypsum was not
oreperly burnt. As limestone recuired higher termper-ture
for calecinstion, and fuel was scarce, the Egyptieons novor
uscd its It was first used by the Grecks and Romnng in
noizing mortare The mortar was vrepared by slaking lime and
r:iing with sand, gravel, crushed stene and broken tile or
oriclte This gove hirth to the first coneretc.

The remarkable hardnesa of these mort-ars sticuloted
interest in the study of fictors responsible for the somenting
arocertiesof limestones It was noticed that scme conda woro
of greater value than others, espeeially for produeing
mortars that would be resist-ont to the action of water for
~ long time, TFurthernorc, bhoth Grecks ~né the Rom ng Zound
thot certain veleanie depusits, if pulverized nnd mired with
lime, yiclded a mortor which had supecriocr strength and
resistonce te the action of water, The Greeks employced tho
volermic tuff of tha island of Thera (now Sant rin), i e

Srntorin earth. The Romans used a nixturc of lime and o



rceddish voleanic tuff found around the Bay of Naples
cnd enlled pozzolana as it was found in the neighbour-
hoad of Pozzoli or Pozzunli. This gave birth to a eclaosso
of mortars called pozzolanic cements.

The use of veleanic carth spread and in Engl-nd tho
Dhenich tuff, Trass, wns uscd.

The extraordinary durability of the structurcs
conptiructed with the Roman mortars - tho Roman Pauthcon,

the Colosscum, the Basilicn of Constantine, ctec - 1lud

L]

ome workers to beliceve thnt the Remans posscssed sonce
sceret of mixing or fabrieation which had since been loot,
for in the Mididle Ages the guality of werkmanship and
longevity were much inferier. It was left to later woricors
liko Rundclctls tc prove that Ythe cxccllence of the DNoir-n
mortars depended not on any scerct in slaking or compopi-
tion of the lime but on the thoroughness of mixing ~nd
rompming'.

in 1756' John SmcﬂtunIG’ 17, 18

an English buildor, vio
hed undertnken to ro-erect the Bddystone Rock Lighthouce
which had becen destroyed by fire, discovered during his
gcarch for water-resistant mortars that the limestonces

wiaich yiclded the best watcer-resistont mortars cont-incd

a cunsideorable proportion of of clay matters He thus



recognized for the first time what is now called hydraulic
1imce This hydraulic lime wnas not cxtensively uscd ag thio
Dozzolanie coments continucd to be used in proference.

The scarch for raw materials continuadto yield
fruitful results »nd in 1796, Jamcs Pnrkur19 discoveroed
thot hydraulic cements could be made by caleining moduloo
of an argillaccous limstonc,; septaria, found in the
tortiary strata. This was named Roman Ceucnt. Beenuco of
ite quick-sctting property, it received popularity whieh
was, however, shortlived as it was soon supersceded by tho
Pertlond Cement.

The invention of the PnrtlaﬁdICumunt is uﬁﬁwlly

L ag
~ceredited to Joseph Aspdin , a Leed?s builder, though
notable contributions were made by other contemporary
vorkers such as John Vicat and James Frnstzl. in 1804
Joseh Aspdin calcinud crushed limestone and mixed the
lime with clny, grinding to a fine'slurry with water and
evapcrating the mixture in the sun or by heating over iire
or steam pipes. The mixture was then broken into suit-Dlo
lunmps and ecrleincd in the furnace, cooled pulverized, and

uged as cementa.
Aspdin kept his process seeret- proportions of lince-
stone and clay in the mixture and the cileination temor -

turce werc not revealed, However in 1845, Isaac Chaorles
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.Jc-hm;cm:\'1 found that cverburnt lumps found in the kilns,
although lew-setting when ground, yicldoed o cement of
superior hardnesas and colour. By further experiments ho
est~blished the proportions of clnay 'nd chalk in tho
winture as well as the c-leination temperature. This
anpenrs to be the birth of the Portl-nd Cement Industry.
i.o8t of the esrly works were on the Thomes and

Lodway, Chalk and Thomest! mud being uscd as raw materi-ls

but the manufacture later become world vides

i1=Z«? konufacture of Cement:

~n

Cement is manufacturvdaz from two major raw m~teri-la 7,
crlec-reocus {lime) and argillaceous {(clayey) mnterinlgs ‘o
c-lcarcous material contains caleium carbonate or line
whilst the argillaceous material contains nlluminaxilic-to.
The prineinal calcareous materials are limestones, coment
rock, chalig marl, marine shells and alknli waste

(rreeipitated CaCO, obtrined as bypraoduct from manuf-ciurao

3
ol ecoustic sodna by the Le Blane Process); while the
yrincipal argillaceocus matcerials are clay, shale and sl-tos
vhich are of about the same composition but of differcnt
geclogiec nges; blastfurnace slag, ond cement rocck, The

l-tter is 2 limestone which contains such a quantity of

argillaceocus material that little or no additional



crgillaccous material has to be ~addeds

During the manufacturing process, corroectly
“roortioned mixture of gooed guality ealecareous -~nd
srgillaceous materials is ground to a fine powder., IT theo
sdxing and grinding are performed in the dry cenditicn tho
srocess is cnalled Dry Process; if performed in water the
wrocess is c~lled YWet Process. The resulting mixture ic
then fed into a retarykiln nnd heatod glowly te ainteling
temoerature, Jater and carbon dioxide are expelled -nd
tho mixture eénters the clinkoring zone where chemicnl
reactions occur between the compoundd resulting in the
formation ¢f new compounds. The clinkcrzh is then coolod,
mized with a small quantity of gypsum (Ca 2-3 per centj
te revent "flash" set which weuld occur if woater were
added to the untrented cement, "nd ground to a fine
owder to form the Portland Cemcnt., The greound cement io

stored in silos until tested for composition, fincness,

sirength ete and shipped,

‘=53 Tvyres of Cement:

Technolegicnl advancement in the production process
nd special requirements of satisfrctory cements for

soceific uses in the building and cngineering works, h-yo



resulted in the production of different types of cemcntio.

Jome of these cemonts are discussed hoereuncer,

be ?ortlnnd Cement

fortland Cement is defined in the standard specilico-
tion uf the American Sccicty for Testing hnturirls?s o
"the product cbtained by pulverizing clinker consisting
essentially of hydraulic cnlcium silicntes to which no
additions have been made subsecuent to calcination other
than water and/or untreated c-lcium sulphate exce t thet
additions not to excecd 1.0 per cent of other materinlg
may be interground with the clinker at the option of the
meaufecturer, provided such materinls in the amount
indicate have been shown not to be harmful by tests
carried out or reviewed by Committee C-1 on Cement,

vYortland Cement as defined 2bove is also c~lled the
ordinary Portland Cement and forms the bulk of 2all Cenonts
produced and is the type commonly uscd for building and
r-ad construction. Lea and Deschz6 have described

different varieties of Portl-nd Cement some «f which aro

discusscd hercunder,



(i)

(iidi)

- GO -

Sapid-shardening Portland Cumi_nt“?

Rapid-hardening Portland Cement is similar teo the
ordinary Pertland Cement but contnins o higher poere-
centage of tricalcecium silicates and is more finely
ground. Thesc two factirs result in higher strengin
nt early ages. It is commonly used for road repcir
work where it is necesssry to open the rond to treZlic

vith minimum Jdclaya

unick-setting Portland Cement

“he composition of this cement is similar to the
Portland cem:nt but has less setting time due to itg
higher percent:ge of tricnleium aluminate (3Ca0.41,0

3;.

. 28
‘Thite portland Cement

Yhite portland Cement is the Portland cement mace by
limiting the ircon oxide content to such a low volue
that it is practically white. It is therefore
monufactured using limestone and white china clay of
exceptional purity. it is of special importance in
architectural concrete where pure white is requiroed or
where brilliant cclours are sought by addition of

pigments or coloured aggregatess



(iv)

(v)

(vi)

-
I~ter=Fronofed Portland cements'9

Thege are ordinary Portland Cements cont-ining
approximately 0.1 to 0.2 per cent water-repelling

rgentsy end/or finely ground powders such as colecium
stenrate, sodium and potassium olente ~nd stearate, or
non-s-ponifiable vils. These water repelling gents uclzo

tiie concrete impermeable to water.

s ]
pow—heat Portland Cemcntug

The chemic~1l compesition of this cement is s~ adjusted cs
to reduce heat of hydrationr - it hes low tricalcium
gilicnte and tricalcium aluminate cont.nt. It is usod
for m-~ss concrete, for construction of bridge abutment.,
mossive retaining wnlls, etc., where high temper-furo
cduring hydration might induce cracking. 1Its rote of
strength development is lower than that of the normal

Fortland Cemcnt but the ultimate strength is the soo,.

3
Sul phate=-resisting pPortland Cemunt"9

Sulphate-resisting Portland Cement is manufacturced to
resist attnack from sulphnte bearing waters or soils

contrining sulphur trioxidoe,



{vii) KXuhl Cement26

“his is a Portland Cement of lew-silica and hiyh alumina

anQ iron content.

2
(viid) Ferrari Cement

this is a Portland Cement with an alumina/irom oxido
ratic uf approximately one and hoving improved resig-
tance to chemical ottack.

(ix) Zxpanding Cementjg‘ 31,32

These coments cxpand slightly on hardening. They oro mado
by intergrinding 70 por cent of Portland clinker wiih 00
ey cent granuilated blastfurnace slag and 10 per cepny of
colcium sulphoaluminate coment. It is ugcd in bridges

and water and oil stornge tanks.

{(x) air-entraining Cements

These are Portland or Portland blastfurnace cement to
which a 8mall amount of air-entraining agent such nas sliinll
g41ts of woud resins, calcium lingosulphate, alkaldi or
trigthanolanine salts of fotty acids etc., has hceen

added during grinding.



- 43 =~

(i) Culoured-Cemunt333

Colourcd-cements are obt-ined by ~dding miner~l
pigments to the rapid-hardening Portland cement or
wvhite Portland cement; carbon black used for blncic,

or dark cement, chromium oxide for green, ultreoprino
feor blue and magnese oxide for black or brown cemento.
These pigments reduce the strength sometimes to oo
little as two thirds of the normal concrete stronct’.
34,35

Cigh-alumina Cement

-

High alumina, or aluminous, cement is made by heoting
urtil molten a mixture of limestrone and bauxite, the produet
being cocled and ground, It h-os a high rate of strength
dovelopment at early ages, about 75 per cent of the ultincto
ctrengt’ being attained in 24 hours., It also has high r-ato
o7 hoeot development during hydration but is very resist-nt
to chemical attacke It tends to praduce a brittle concroeta
vhich bleeds ensily. It is seriously affected by proesence
of oven small amounts. of Peortland cement, setting timog boing
geriously reduced and “flash" (sudden) set cccuring., Conecretos
neie of high-alumina cement deteriorates at temperaturcs in

crzcess of h5nc.



Ze Granul~ted blastfurnnce slay Cement53

C o m e

This group of cements is made by mixing finely ground
Hlgtlurnace 8lag with lime or Portlesnd comente.

In combination with Iortland cement clinker or lincy
granulated slag hardens rapidly and contributes its own
hydraunlic action to that of other conatituents of the
mixzture. S5lag cements composed with Portland cements hrvo
lower early strength and correspondingly a lowver develo)-
natd of hest which made them accestable for mass gtructuros
wut more sensitive to low temperatures. Thoey have been
ouccassfully used in structures exnused to sea and sul-hate
wntérs.

Twoe types of this group of cements are described

hereunder:

: L
vi) ;gﬁflnnd blastfurnace ccment3

hils is made by intergrinding Poertlond cement clinker cond
granulated blastfurnace slag such that the content of the
gronnlated slag is not more than 65 per cent., It hos sinmilor
mropertics te the normal Portlagnd cement except that itco
resistance to chemical deterioration is rothor highor and

its rote of hardening falls wmere rapidly as the temreraiurae

inercoses.
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b

(

i) Suvoersulnhnted or sursulnhaoted Ccmunt30

This is made by intcergrinding 15 per cent gypsum, 5 per cont
vortland cement clinker and B0 por cent slage Becruse of
its low hoat development, it is used in producing moss
construction, and especially for structures exposed to

svea and sulphate waters,

35

De Tonmmoleonic Cement

-

Poszelonic cements are made by intergrinding either Portlon?
clinker or a hydrated lime and pozzolana. These cements

h ve low rate uvf strength develonment low rate of hoot
evolution ~nd high inherent resistance to chemical deteriorn~

tione

Be Cilewell Cemunt33

— -

e very unusual demands made uron the cement to be used for
gealing vil and gas wells have necessitated the production
of soecial vil-well cements. These cements are made by
a¢ding to the coarsely ground Portland or slow-setting
Portlsnd cement, special retarders such as starches, sugrrp

or org-nic hydroxy acids,



Te looonry Cumcnt539
“he oreponderant censtitution of masconry cements todey is
a finely iaterground mixture of pPortland cement and
limestone, given a high degree of plasticity and water
retoention by the interground addition of an air-entraining
agent and regulated in setting time by gypsum. They oo
used for mortars,.

33

Se i.opnesium Oxychloride or Sorel Cement

This is 2lways freshly prepared from a solution of m-gnesiuna
chleoride in water (70% w/v) and magnesium oxide obt-oined by
c:leining magnesite at 750 - 950°C. The magnesgium ocxicde
roacts with the magnesium chloride to form a solid moss
of magnesium oxychloride, 3 MgD.Mgc12.11H20.

Sorel cement is meinly used in magnesite flnoringk!
but it is attacked by water and has to be koept dry.

e GYDPBUnm rlasters

Gy,sum plasters are obtained by the partial or connlete
c¢ehydr~tion of gypsum, cnsoh.anzo, some retarders being aldod
to affeet slow-settinge

Other cements include ircn-ore cement, Keeno's conont,
t~ize cuement, silicate cement, sulfur ceirent, and cements

contrining ealcium chloride.
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1~ 1 otivation of The Project

" —

The properties of building and concrete structurep
cuch »3 resistance to chemical attack, setting time,
resist-nce to cracking, rate of strength development nd
drying shrinkage result from the chemical compeosition of
thae cements used, Thus te have cemonts to be used for
different building and engincering works, thesc cements v ve
te meet the engincers'! specifications which bocome
increasingly restrictive as his dem nds for different
cements for different uses increases. This has lod to
¢iflerent engineers from different countrics having
differuntg standard specifications for cements. These
soeecifications include theose of the smerican Socicty for
Testing and Materialsg, Philadelphia (ASTM), the British
Standard Instituticen, London (B.5.S.);y association
Froncaise de Normalisation, Paris (AMCR), the Deutschor
llormenausschuss, Berlin (DIN); the Internaticnal Organisa-
tion for Standardization, Geneva (1S0); the South
+#frican Burcau of Standards, Pretoria (SABS) and the
Stondards Association of justralia, Sydney (Sal)e. Motevor
specification is adopted, it is fundamentally requircd tant
“articular types of cements should have specific chenienl
coumzogition in order to be used foer specific building ond

engineering work,
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During the 1-st decade, millions of tons of cemento
nove been imported into this country from voerious manu-—
freturing countries in order to execute the various
building and construction projects throughout the country.
Some of these projects executed with these cements do not
scem to be durable - buildingscrack; roads devalop Dotholes
ruierrly etc. apart from such factors as cement/aggroocte
rotio, nand cement/water ratio, the poor quality of thope
structures could be due to the intrinsic chemical
constituticn of the cement. It is this view that motivated
tlie analytical studies of some of these Building Materials.
In this wark, thercefore, an attempt has been madeg

to study the chemical compesition of the imported cements
cveilable on the Nigerian Markets and classify them
according to one internationally accepted standard
speeificationss numelys the ,merican Society for Testing
and Materials, ASTM.,

to compare the chemical composition of the Nigerims made
cements to those imported, nand

to compare the chemicel composition of the local puilding

linterinls (Seils) with that of cements.
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“he Scope 0Of The Project

The Auilding Materials analyscd were soils, clays nnd
cements. Clays, limestones, marble and shale were z2lso
studied as raw materials of cemoent,

The analyscs of soils included the determination of
iess on ignition and the following oxides: 5102, FD203'
Fe, O

2 3! 5

“ho scil samples analysed included ordinary soil as defliped

€20, Mg0, 50,, Noy0, K,0, Li, 0, P,0

2 and MnﬂO -

on “nge 1, the "mud-balls'" used by local builders and soiln
from dilapidating walls of the mud huts or of ancicnt city,
The analyses of cement involved determination of loos
on ignition, insoluble residuc, sulfur trioxide and other
oxides as determined in the ¢ se of soil samples.
The determinat{on of loss on ignition, insoluble
residue, sulfur trioxide and gravimetric silica wore corriod

ont gravimetrically while 3y Caly nnd MgO were deter. ined

129
titrimetrically using ethylenediamine tetraacetie ~cid,
32DT..« The alkali oxidnﬁpNnSO, K?Ocnnﬂ Li20 were
determined "1ome photometrically while the remaining cxzicos
were determined spectrophetometricanlly.

Tt was originally planned to compliment the chenderl
innlysis by differential thermal analysis (DT..) and Ji~roy

Giflfractometric methods but duce to instrumental breniccown

this was not possible,
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CHIPTER II

SIALYSIS OF 80IL8, CLAYS, LIMESTONES AND M.ARBLE

The different scmples of sBoils, clays, limeastones sixl

the marble wore obtained from differont locations as

+ described in scection IIl-1.

Since the successful analysis of comrlex nnd hetorow
gencous materials such as seils, rocks cnd similor

materials denends on proper sampling, this techni-ue ie

"digcummed in section [I-~2.

The nnalysis performed included the determinstion of
o
logs on dgnitien at 1000 C, and the following uxidesn:
Fe,O .
3’ 2 3! 5
and ¥nOs. The analytical technigues employed included -

2 2

graovimetry (loss on ignition and sioz) complexometrie

titrimetry (.1 Cal and MgO), spectrophotometry (Fo

o
2 3?
TiC, P?OS and MnQy and flame photometry (Nazo, K04 and

203’

Lipo}. The variocus exparimental procedureg followed in

“the various determinations are detailed in scction 2-3,

Lop;;xtion And Ceollection Of Samples

The soil samples and the Tsambe Clay werce collocted at

different places as described below. The romaining cloy
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Boincios, limestones nnd the marble wore supplied by tuac
Geclogical Survey of Migeria, Kadunaj Directoraten;f x.
Federzl HMinistry of Mines and Fowere Theae samples wore |
.?collucted by this dircectorate during their routine o
;-mineral prospectings The location of the different
' somyples are also described hercunder.
(i} Zirinin llebbi Mud~brick: This sample was obtained fromu
Birinin Kebbi headquarter of the Birinin Kebbi Loeal
Government Council of Solicto State. The mud-bricks are
nos e by intimately mixing soil, hoy and water to preduce
n workable plastic material which is then moulded into
Hriud=balls" or mud-bricks. The mud-bricks ars sun~
iried and used for building, using & freshly prepared
workeBble mix as a comenting materiel buetween the bricies.
(11 3irinin Kebbi Fslling ¥all: This 5ampié w#s stehoppedh
- from the wall of o dilapidating mnd-hut in Jirinin KabSi
town. Thoe mud-hut had been built with the type of wucd-

Bricics discusseed above.

(3i1i} Samaru Mud-brick: Samaru is n village con the northeersiorn
outsikirta of .hmadu Bello University, Zaria. The nolives
uf the village construct their mud-huts in the same mannor

c3 those of Birinin Kebhi. The nmud-bricks are thus



{iv)

(v

(vii)

‘viil)
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nrepared in the same way as those described above

(scetion YI-1(i)).

Someru Falling Wnll: This sample was obtained from an old
folling wall in Samaru village. It wos estimated thct

the wall had been standing for seven years,

Deria City Wall: The historic Zaria City wall in Zaria
Loeczl Government Council of Kaduna State was constructed

)
in 18367144

Sariples were taken at three points of about
200 motres apart along the Laria-Kaduna road and then

combinerd into a compesite sample.

it2turdi Seil: Makurdi is the capital of Benue State of
Nigeria. The town is located on the southern bank of tho
2iver fenue. The soil sample was taken at the eastoern

side of the town at a depth of about 0.60 metres.

Tsombe Clay: Tsambe is a district in Vandeikya Loccl
Sovernment Council of Benue State. The clay has bheen

uscd for lecal pottery industry for years.

Jozote Jduminous Clay: Sukoto is the eapital of Sckolo

St~t¢ on the north-woestern part of Nigeria. The claoy



(ix)

(xi)

(xii)

samples were toaken by the Geological Survey of [ligeric,
Kaduna, from a number of pits outside Sokoto towne The
two samples analysed in this work were those from it 2

and pPit 5 as labelled by Geological Survey of Nigeric,

{aduna.

Ogbakiri Clay: Ogbakiri is in Ikwere local Governmon%
Jrea of Rivers State of Nigeria., The sample was

supplied by the Geological Survey of Nigeri-, Kadunce

Itak lkot Clay: This sample was obtained froir It
Ikot, in Obio Ishe, Ikono North Development . rea, in
Znyong Pivision of Cross River State by the Geoleogic 1

Survey of Nigeria, Kaduna,

Jurumi Clay: This sample was collected at Major [ ra-g
house at Durumi near Liborty Dam, on the Jos Plaoteau

by the Geological Survey.

Ifan Limcestones: These limestone samples were obtained
from Ifan within the clay-shale group between Qgtesca
and Uhopors by the Geological Survey, Kadunoe ho

seven samples werelabelled GL 62592 - gL 62598,
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{xxiii) Jakura Marble:; This sanple was collected from

Jakura. It was supplied by the Geological Suir'vay ol

Nigeria, Kadunn.

=2 Campling
. bS5 ;
Sempling is the process of cxtracting from a large
uantity of material, a small portion which is trully

revresentative of the composition of the whole materiala.

The importance of sampling in reock 2nalysis has Loen
neinted out by Grouthe; the different methods for samnling

4

fpils have been discussed by Cline 7, and Petersen and

L8 !
.’:alvinl 1 and those for rocks and minerals by Maxwellkg,

Srovcsso, and iillﬂcr5: and will not be delved into hore.
Suffice it to state that the author found it convenient to
talke soil samples of any given location at three srots of
about a metre apart and to combine these samples to forn

one composite sample of that location, thus simulating

46
arout?s method.

‘rocedqura

-

The composite sammles, about 2 - 3 kg, were airedriecd
and crushed with a wooden mallet to smaller particle sizoesm
suitable for grinding and then sampled by coning and

sunrtering as follows:



The sample was spread on a large picce of paper and
rolled from one corner of the paper to the opposite cornor
by rcising one corner and causing the sample to tumble ulon
itself, This process was repeated raising each corner until
the entire samnle was throughly mixed, The sample wes
gothered in the centre of the paper as a flat conc and,
using a glass rod, divided into four quarters and the
onnosite quarters removed, The mixing, quartering end
romoval of opposite guerters were repeated until a sam lo of
cout 20g was ohtained, This then formed the "represent- tivo
porticn" of the bulk sample and was further subjected to sample
resaration and sample decompesition which are discussed

horeundere.

«» Semple Preparation

Smmrle prepnrationgg, wvhich includes crushing, splittinag,
grinding, mixing end drying, is an important step in analytic:zl
vorkz. There are many w'ys of preparing samples and it io
necessary to choose the best procedure for the job ~t hrnda

Contermination of the sanple during sample preparation
is an over-prosent and unavoidable denger. It is imposzible
to prepare a sample of a complex material like soil and roeo

vithout changing its composition in some respect, cithor
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trough foreign material, the preferentiol loss of materi - l,
or the oxidintion of constituents. The analyst aims ot
minimizing these undesirable effects, either by preventing
tleir ready occurence or by employing the procedure thot
will fovour & type of contermination that is least haori:ful,
Contermincstion is very often introduced by the equirment at
various stages of sample preparation particularly grinding
and siovings2. Ways of minimizing centermination as

33 in respect of biological materiols

tiscussed by Thiers
e 3ly equally to soil and rock material. In the proescnt
vorizy, samples were ground in an agate mill and sieved
tarough brass sieves (- 120 mesh BS).

The finely ground samnple (- 120 mesh B8) was thorougly
ixed by rolling the powder from one side to the other on o
sheet of glazed paper se that the sample tumbled over ituelZ,

The powder was then placed in labelled sample bottle with e

can nd stored until required to be used.

Je Sciarle Decomposition

In analysing complex materials like soils eand rociig
wvhieh are not completely soluble in water, one of tho nost
crucinl decigion of the analyst is that of method of

decomposing the sample as this scts the course of subse-ucnt

~nalytical work and can save unnecessary steps, The yoriousn



nethods of decomposing a sample fall into four categorics:
ceid digestion, acid fusion, alkaline fusion and ammoniun
s:1t attack. The analyst has tc¢ choose¢ the method that,
tating everything into consideration, is b st adaptcd to the
moterial to be analyseds No goenceral rule can be anplied
regar<ing the advantages to be gained by employing any
“articular method as this is determined by the nature of the
naterial and the subscquent analytical procedures. l.ony
f&ctorsBS. however, have to be considercd: Does the Hrocooo
cttack the vessel in which it is conducted? How eficctiva
ie it? Will the reayents intorfere in any analysis? Jill
the excess reagents be removed, if necessary? Will any

loss of material be inveolved?

The various methods of decomposing soils, silicntcog and
irocks have boen extensively troated by dillebrand ot Fi;-
Jcckaan57, and williard and Rulfsss. furthermore gulcco:
ot ﬁiéﬂﬁve reviewed the problems associated with decombosi-
tion of inorganic materials and these would not be celved
inte here. Suffice it to say that the« alkali fusion
(“a?COB/K2CO3) followed by acid dissolution (HC1l) wes em:loyed
for _reparing solutions to be used for determination of #11
oides except those of alknlis, not because it was bhettor
Than zny other methods but because it was conveniont for the

course of analytical procedure followede. The solutions uced
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Zor determination of alkali oxides werce vrepared by tho
ceid decomposition method (nitric acid, sulphuric acid,

and hydrofluoric acid mixture),

inalytiecnl Studies of Scoils, Clays, Limestone and l.erble

.nalytical studies performed on the various sam>log of
soilg, cloys, limestones and marble included the determina—
tion of loss on ignition, silica, alumina, lime, magnesi-,
ferric oxide, titania, mangancsc oxide, phosphorous
sentoxide, and the alkali oxides (Liao, KEO’ Naao}. ~he
varicus nnalytical methods employced for these determinet’ ong

ore cdetailed in the avpropriate sections below.

EXPERIMENTAL

wonaratus

e e ——

Platinum Crucibles: 20, 30, and 50—cm3 capacity

.esiccator: Containing silica gel as desiccent
. o
cvens Gallenkamp, temperature range 0="00 2
P o
lwuffle furnace: Carbolyte, temperature range, 0~:1200 _C
rm Co
ot plate: Gnllenkamy, temperature r ge, =5 O

necgents

- ——-

11 reagents uscd were of analytical grade unlcoss

st-ted otherwise.
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Fusion Mixture: n equilncliccular ndiscticrd of

anhydrous sctassinn wnd aodiuve cxxronnbosa

pPoric acid

Sodium Carbonate

Ethanel (95%)

Hydrochloric acid (d = 1.18)

i : v/

pilute hydrochloric (50% “v)
. v/

Dilute hydrochloric (5% v)

Sulphuric acid (d = 1.84)

v/
v

Uilute sulphuric acid (50% )

Aammonia solution (d = 0.88)

/

Diluted ammonia (50% '’v)

Hydro fluoriec acid (40% "/w)

Determination of Loss on Ignition

59

Loss on ignition is conventionally taken as the
eguilibrium weight loss on heating at 10000C. This weicht
loss consist of bound or chemically adsorbed watoer, woter
formed by dehydroxylation of initially hydrous or
hydroxylated silicate structure (particularly applicable
to elays), carbon dioxide and sulfur trioxide from

decomposition of carbonates and sulphates respectively.

Loss on ignition is determined gravimetrically,.



gxyceduru
1.000g of the finely, ground and dried (10 5—110°c:
soily clay, limestone or marble sample was wcighed in o
clecon constant weight platinum erucible (Bo-cmj). The
latder was partially covered with the 1id and placed in
the muffle furnace. The temperature of the muffle furnaco
wes slowly raised to 1000 :_BOOC and the sample ignited ot
this temperatuire for 30 min., The crucible was then reevad
from the furnace, completely covered with the lid, coolecd
in the disiccator and weighed.
Loss on ignition was then c.ilculated as follows:-
weight of erucible 4 samnle ces saa W Q
Weight of crucible & residue after ignition =D
Loss in weight of sample i ese = o=D
S. Loss bn ignition at 1000°C (%) = (a=b):=1290

The results are given in Teble T1-1

~ecomposition of the Soil, Clay, Limestone and

Marble Sanples

The decompusition method employed for all these
semples was the alkaline fusion (K0C03/Naq003) followed

Dy the dissolution of the cake in hydrochloric acide



Frocedure

1,000g of the finely ground dried (at 105-110 ¢
sannlc was weighed in a platinum erucible {50-cm3).
3g of fusion mixture and O.4g of boric acid were added
cnd the mixture thoroughly mixed to form a charge at the
hottom of the crucible. The crucible was cover.od with
the 1lid nnd heated over the Bunsen flame, gently at first
and then gradunlly raising the tmperature to the full hoant
for nbout 10min. The crucible was then transferred to o
muffle furnace at 12000C and the contents fused for 150in.
Jfter cooling, if the fusion appeared blue or blue=greon,
indicating the presence of manganese, 2cm3 of ethanol(95)
were added to it before dissolution.

15cm3 of hydrochleric ocid (d = 1.18), 1cm3 of sulnlurie
acic (50% v/v) and 10cm3 of water were added and tic crueidle
transferred te a steam bath to facilitate dissolution of tlie
meltea If the soluticon gelled before dissolution was
coumplieted, the gel was stirred with glass rod. ,fter
diccolution was complete the 1lid was removed and any soreoy
cdhering to it washed into the crucible with minimum count

o7 watcr.



Dotermination of Grovimetric silica

5ilica, or silicon dioxide, 35i0,, i best deterinincd

62

by gravimotric, c¢clorimetric, and spectrographic methods .

.+ In the present work gravimetric and calorimetric melthods

were usede. The wain silica was determined gravimevricnlly
(hcnce vgravimetric silica")} while the regidual or solahle
8ilica was determined crlorimetrically. The valuog
obtained by the two methods were summed up to obtain the
total silica contuent of the samples studicd (see seetionn

=325 & 2-~3.6).

Rengent s
Whatman accelerator tablet.
Polyethylene oxide: 0Q.5g of polyethylene oxide
were ndded to 800cm3 of water slowly and with
stiring until dissolved. The sclution was dizens’ o7

#¥tor o weokn,

?rocedure

The platinum crucible (50—cm3) with its contenfs fro#
the decomposition of the sample (Scction 2«3.2) was
digested over the steam until a stiff gel formed or Jor
30 min where there was no gel formation (ice for samploeg

having less than 20% silica). ,any loss of hydrockleric
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acid during the digestion was replaced by adding approoricte
amount of diluted hydrochloric acid (50% v/v).

wfter the gel had formed or after 3Omin. the cruciblo
was removed from the steam bath and a Whatman ncceler-tor
teblet mixed intc the gel until the mixture was homoconhcous,
breaiing any gel adhering to tho sides of the crucible.

Scm3 of polyethylene oxide coagulant solution {2.50/cn:}
were slowly added with stirring, ensuring that any gel
adbhering to the sides of the crucible was brought into
conteet with the coagulant. 10cm3 of water were added and
the mixture allowed to stand for 5Smin.

The precipitate was filtered using whatman Hol.541
filter paper, transferring the precipitated silica to the
filter paper with hot dilute hydrochloric acid (5% /v,
sna scrubbing the crucible with a rubber-tipped glass roc.
“The orecinitate was washced four times with hot dilute
hydrochloric acid (5% v/v) and then with hot water until}
oroctically free from chlorides. The precipitate ond
washings were rescrveds The filter paper containing tha
Drecipitate was transferred to a constant weight platinum
crucible {30-cm3), charred over the Bunsen flame until
free from carbonaceous matter, and then ignited in a wulllo
furnace at 120000 for 30mine. After cooling in a

disiccator, thc erucible was weighed. This gave the wveicht

of silica and impuriticse.
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The contents of the crucible were moistened with watop,
5 crous of diluted sulphuric acid (50% v/v) and 10cr-.3 of
hydrelluoric acid (40% w/w) added in turn, =nd the mixture
oy-orated over a low=témperature hot plate in a fume cupboard.

rhe ecrucible with the residue was cautiously heated over
the gas flame and then finally ignited in a nmuffle furnace at
1200%¢ for 5min. .fter cooling, the crucible was weighed Lo
obtain Lle weight of impuritics. The difference between thao

tro weichts represented the YWgravimetric silica,

‘cight of crucible 4 silica and impurities = ¢

feight of crucible « impurities o = d
ee Jeight of silica e = c=d
weight of gravimoetric silica (%) ok = (e=d)x 120

"he results are added to the values for the residu-l silies
{peetion N=3.5) to obtain the total silica content for the sa:le

(peection 2=3.6).

Prooaration of the Solution for the Letermination of Residunl

——— - ——

Gilicn, /Jlumina, Lime, Magnesia, Ferric Oxide, Titania,

L

onganese Oxidey, and Phosphorous Pentoxide

.- . -

Prosedure
“he residue from hydrofluoric acid treatment was fused with

10 scdium carbonate and 042G boric acid and the melt dissolved

in the wain filtrate from the determination of gravimetric silien



(Joction 2~3.3). after cooling, the sclution was diluted to
5&3033 nth water in a volumetric flask to form the "stoclc

golution',

Setardination of Residual Silica

..... - — e —

Residual or soluble silica is the gilica still left in the
colutinrn aftor the main silica has been precipitated, Qesidu-l

sillicn wos determined calorimetrically using the molybdenun

Ga

L]
Dlue procedure.

iopor atus

spectrophotometer:  SP6 - 200, Pye Unicam with 1O0mm

cuveticgs

To~qents

e 4 - . —

-~

Ty h=Dinitrophenol indicator: 0.1g of 2, 4-dinitronhenol wea

Cigsolved in 1000m3 of water, cooled and filtered,

Se-nonium melybdate (BDQ/de): 80g of ammonium molybdate wero
dinpolved in IdmJ of water, filtered and stored in a polythena

ot les The solution was discarded after 4 weeks.

SGtannous chloride (1Dg/dm3)l 1g of stannous chloride was

Lith,'

disgolved by warming in 1.5cm3 of hydrochloric acid (d = 1.12).

3

..fter cooling the solution was diluted to 100em” with water.
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his solution was discarded after 24 hours.

vtonderéd Silica Solution (0.5mg sioe/cm3): 0e5000g of spceure
cilica was fused with 59 of anhydrous sodium carbonate in o
“1atinum crucible (50—cm3), coolad and dissolved in weter in a
molyticne benker. The resulting solution was quantitatively
trausferred to a 1-—dm3 volumctric flask and diluted to volumoc.

iz solution was stored in a polythene bottle.

~

~iluted Standard S5ilica Selution (0.020mg Sioz/ch): 20400 of

the standard silica solution (0.50mg 5iOn/cm3) were dilutecd 4o

500em” in ~ volumetric flask when this solution was recuired,

Proccﬂurq
0y 24 4, 6, 8 and 10cm3a1iquots of the dilutce silice
standard solution (0,020mg siozjcmj) were pipetted into 100-»cm3
volunetric flasks and each diluted to 20cm3 with waters Scm”
o~ o2 +a ) e ! v/ ’ 3 :
of dilute hydrochloric acid (20% v) and 6em” of ammonium
telyhd-te solution (SOg/de) were added in turn with swvirling

2

end Lthie sclution left to stand at room temperature for iCmi:..

/

v
Lsee of diluted hydrochloric acid (50% ‘v) were added with
sylrling and again left to stand for 10min. Finally 1001-:13 of

ntannous chloride (109/dm3) were added and the solution in e-con

T1l.gn diluted to mark and thoroughly mixed,



- 37 -

The absorbance of ecach solution was measusrcd using
the solution in the "O-flask" as the blank in 10mm cells
at £00nmj the colour being stable between 5 and 30min cftor
tie addition of stannous chloride (IOQ/de).

A plot of absorbance against concentration of silice
gave the calibration curve, [ige.1.

5.ﬂcm3 aliquot of the stock solution was transforred
tc a 100—-cm3 volumetric flask .3 and 15cm3 of water and
2 drops of 2, 4=dinitrophenol indicator added, Dilutec

v/

ammonia (50% v) was added dropwise until the incicotor
turned vellowe The amount of ammonia added was noted cad
5cm3 of dilute hydrochloric acid (20% v v) addeda

20cu|3 of water were added to another flask B followed
by the same amount of ammonia 50% ¥ v} as was added in
{lask . Two drops of 2, h=dinitrophencl were added
followed by dilute hydrochloric (20% v/v) until the seolution
wes neutral and then 5cm3 in excess. The colours of the
solution were developed as above.

The absorbance of the solution in flask 4 was mcmouTod
agnainst the solution in flask B as in the case of
standardse.

The silica content of the solution wns then ceterninod

with reference to the calibration curveoe,
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Tho rasults were added to the appropriate value for
gravimetric silica te obtain the total silica econtent of

the sample (Section Z=3,6)%,

 7m3.6 Calculation of Total Silica, 8i0_ .

1

The values for the gravimetric silica (3cction S-3.3)
and residual silica (Scction 2=3.5) are summed up to
otain the total silica content of the samnle.

The results are given in Table IV-1

fmle7 Zetormination of ,lumina, Lime, and Magnesia

“"hese throec oxides, alumina (Al?oj), lime (a0}, zad
magnesia (MgQ®), were deturmined titrimetrically using
cthylonediaminetctraacetic acid, IDT.e

62

In the absence of intoerfering substancesaluminium

can be aceurately detormined by many diffoerent methodse

Z2ut in the prescnce of other ions gsome of which are pricoat

¥ 8

n soils, and clays, the exoct detormination of aluminium i-
dif7icult. Thus the main reguirement for satisfactory
anrlysis is ecither to separate the interfering substsncus
froa the aluminium or to mask them as soluble complexers.

o 63, . o i -
furthermore EDT,."itaelf is non-selective in its ~etion wiin
motal ions. Hence, to determine vither aluminium, caleium
or wmagnesium, the interfering metals must be removed or

thei effect moskeds
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Tne influence of somce of the interferring ions may be
overcome by adding complexing agentsek such as cyanide ions
vhieh form stable complexes with copper, zinec, nickel, iron,
cobalty silver and the platinume alternately the interferin
ions e¢on De precipitated and removed from the solutiones In
the riethod used, aluminium is separated from othor metals by
Jirst oreeipitating it together with some of the metals in
fora of their hydroxides, R203 (where R = 1, Fe, or Cr).
Lot the precipitate and filtrate are reservede.

The precipitate is dissolved in hot hydrochloric acid and
clwninium separated from the other met:ls Ly extracting tle
l-tier =s cupferrates in chloroform. The filtrate containin-
coleium ~nd magnesium is uscd for tho determinstion of lime
end ognesia. 4ny ions which might interfere in the analysis

-~
-

cre offectively masked with triethanolaminc.
‘he separation of aluminium, calcium and magnesium and

tho interfering ions may be summarized schematically as

Tollows:-
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~ wl, Fe, Cr, Ti, Ca, Mg, Mn

HNO_ /heat
5/

" .
Al, 7%, co ¥, Ti, Ca, Mg, Mn

NH, C1/NH, 0H )

f k]

opt ;.1:0:{)3 3 Fe{OH)j, Ti(OH)h, Cr(OH);: soln Ca, Mg, Mn

{ormonium hydroxide group) i tricthanolamine/ 0:
HCl
] _ L4 Y
Solution ' ' ; Ppt of othor Sclution
L = : ions present {Cay i
.o as hydroxidaes
o cupferron/chloroform
v T
Soln £ . Soln B
Al o . Fe, Ti

Lo Daovel of intorfering ions

B LA e

e method adapted for removing the interfering ions in

6 2
glullor to that of Bennctt and Recd 5, and McLean6 with sone

mnoGificntions.

L



cngents

Sul hursus acids 200cm3 of water saturated with sulphur dioizice.

J_Tit:'ic ﬁCid (d = 1.42).

Jronoshenololue indicator: 0O.l1g of brorophenol blue ground wAdth

“25¢." of sodium hydroxide solution (Ca 0.1M) and diluted to

19Cexn” vith water,

innonical ammonium nitrate (109/dm3)= 1ﬂcm3 of nitric =zcid
(¢ = “o&2) were diluted to 200cm3 with water., .mmonia solution
(505 /.

v) was added until the solution was just alkaline to

L]
broase-henol blue. . fter cooling the solution was diluted to 1da”.

Chlor form

“uslerron solution (6% w/v): 1.5g of cupferrom (ammonium s:1%
of !ll=nitroso=N=-phenylhydroxylamine) wore dissolved in 25cm3 of

wvater ~nd filtered,

(1) Ze oval of Crlcium, Magnesium, and Manganese

Srocoedure

-
100cm3 of the stock solution were pipetted into a 500-en”

beakter, 10::1113 of sulphurous acid were added and the excesg
. 1
golohur dioxide boiled off. This action reduced Cr * whieh

3+

interferes quantitatively with aluminium to Cr”~ .
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The solution was colled slightly, Scmj of nitric acicg
(¢ = 1.42) added and, the solution bhoiled again Tor

24 F33+.

15 min to oxidize any Fe to ~Tfter cooling to

about BOUC, 5 of ammonium chloride were added followed

/

by amuionia solution (50% " v) with stirring until the
solution was just alkaline to bromophenol bluee This
action preecipitated aluminium, irony chromium, and titanium
o5 their bydroxides, 3203. The cxcess ammonia was Doilod
offy, the precipitate allowed te settle for 5Smin and

urntitatively transferred to a Yhatm=n No.541 filter
paner and thoroughly washed with hot ammonical ammonium
nitrate {lOg/de).

The filtrate and washing were transferred to a
H5C-cm3 volumetric flask diluted to the mark with wator

and reserved for the determination of lime (Ca0l) and

megnesia (1g0) (Section 2=3.7C).

.emoval of Chromium, Iron, and {Titanium

-

Frocedure

The precipitate containing aluminium, iron, chromiun

and titanium was dissolved with 20cm3 of hot hydrochloric
acia (50% v/v) and the paper washed thoroughly with het

woteres after couoling the solution was transferred
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cusntitatively to a separatory funnel rinsing the bealzer
3 . 3
with hot water, 20cm” of chloroform and 10cm™ of
. W )
cuvpferron solution (6% /v) were addeds After sheking
vigoerously, iron, chromium and titanium wcre extracted na
cu ferrotes in the chloroform layer and the latter
drained off, Compnlete extraction was ensurcd when
— ) , W/,
addition of a few drops of the cupferron solution (6% v,
¢id not produce any coloured precipitate.
- . TR | 3 o~
The extraction was ropeated with 10cm™ aliquotls of
ciiloroform until the chloroform layer was colourless. Tho
chloraform extracts containing ireon, chromium, titanium
end copper (if any) were discarded while the agueous
sortion contnining aluminium was transferred to a ﬂSO-cm3
volumetric flask and made to volume with wator.

Je Jeternmination of .Jdumina, .;qu3

- -

66
0f the various titrimetric methods available for te
determination of aluminium, the back titration of 0., by
mine using dithizone indicator was adapted., This metuod
66
wras first used by Wanninen and ingbom and has cince
Jfound application in the determination of aluminium in

6
coils, ccmentsﬁ?, silicates and rocks 8’69, acid wator

2]

~nd other materials.
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"o method is highly accurate and reproducible, th: best

worizing »H range being pH4.4-5.0.

Reoccents

teohthel Green B(lg/dmg)

Dit 1-one indicntor: 0.0125g of diphenyl thiocarbazone
3

(¢it-izone), C. H_N=NsCS.NH.NH.C _H_, was dissolved in 5Cem™ of
' Y65 65

athianol (95%). 7The solution wrs discarded after 1 week.

Gtandard Zine Solution (0.05M): Zinc pellets were washed in
cilute hydrochloric acid (2M) to remove any oxide film and then
ith weter aleohol and ether in turn. 3.285g of the oxide froa
not-1 were dissolved 10cm3 of hydrochloric acid (d = 1.10) mnd
50033 of water added. . fter cooling the solution was dilutcd
to 1du3 in a volumctric flask. 1cm3 of 0.05M Zinc scln =

[ Y ] - =
B -)5--.. ..1203

Ctandard DT.. Solution (0.05M): 18.61259 of ethylencdiamino-
totrracotie acid (disodium salt) was dissolved in warm wator,

Tilterced covoled and diluted to Idm3 in a volumetric flask :nd

70

stored in a polythene bottle. The solution was standardized

agrinst standard zinc solution (0.05HM) (1cm3 of 0,05M D7, =

" .

'.550-5 ‘..1203).
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Jreenimn ecetate buffer: 120cm3 of acetic acid (glacial) wereo
cdlaed to 500cm3 of water followed by 74cm3 of ammonia solution
(d = Ta838)s after mizxing and cooling, the solution was dilutod

-
-

to 1w .

Proccelure

59033 aliquot of the aluminium solution wes pipetted into
e 5&O-cm3 conical flask. J few drops of bromophenol blue
jnciecator were added followed by ammonia solution (d = 0.88)
¢ro wvisely until the solution was just alkaline to bromo honol
bluece Che solution was quickly reacidified with hydrochloric
ceia (@ = 1.1B), adding 5 drops in excess. 10.Ocm3 of ED7T/
porlutlon (0.05¢) were added and then ammonium acetate buffer
rdded until the indicator turned blue followed by 100m3 in excoss.
"he solution was boiled for 10min, cooled rapidly uncor ton
veter and a volume of ethanol (95%) equal to the total voluo

3

of the solution added. 2cm” of dithizone indicator were =dded
f£f-1loved by a few drops of naphthol Green B solution (ig/dm:)
to sereen out any reddish or ninkish tinge and the solution
titrsted vith the standard zince solution (0.05M) from a scii-

mierchurctte (10-cm3} from blue/green to the first appearance

of ¢ permanent pink colour,
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The alumina content of the sample was then calculctol
thusg
,,1203 = 2,5E (V=-v)
vhere E = .‘.1203 equivalent of standard zine
solution (0.05M) in mg.
V = volume of 4DT., (0.05M) added
v = volume of standard zinc scolution

(0.05M) uscd in the back titration

The results arc given in Table IV-1

Ce -Jetor_minatinn of Lime (Ca0) and Magnesia (MgO)
71-75

Schyuyerzenbach and Co-workers suggested the use of

L. a8 a complexing agent for the alkaline earths and otlhor
natils as a titrant for the sum of calcium and magnesium in
water using the Eriochrome Schwarz T (Indicator F 247) as
ndicators, The method has been modified using different
rctal indicators such as the Eriochrome 8lack T, Solochrouc
Jloelry, murexide, etce and is amply ewployed in the detoraiiac—

6,77

. 7 ) . . . .
tion of water hardness deternination of alkaline enrtlip

8 9 . , 3

in racks7 ' cemcnts7’, soils, biological materials 1, cte.
In the procedure described hercunder the total c: leiun

and mognesium is determined on an aliquot by adding

tricthanolamine and titrating with =DT,, using Solochrone

“laez 61 indicator. Calcium is determined on =nother 2li unt
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by titroting with EDT,, using the HHSNNA indicator. The
crlecium esuivalent is then substracted from the total e-leciua
~n’ mrognesium to obtain the amount of magnesium present in the

pcnnles

Nengents
“riethanolamine (20% v/v)
Cyiroxylammonium chloride (10%)

loncetianolamine (redistilled)

otoscium hydroxide (8M, aqucous)

NG,y or Patton and Reeder's, indicator: 0.592g of tha

gulid dyestuff, Z2-hydroxy-1-(2-hydroxy-4-sulpho-1i-naphthylr:o’ -
S=nanphthoic acid, were titrated with 50g anhydrous sodiom
gvlohste in o glass mortar until the dye was cvenly distributecd

cnd stored in a well-stoppered amber-coloured bottle.

Solochrome 3lack 6B indicator: 0.2g of the dye sodium-
(*=ly. rozy=C-naphthylazo)=2-naphthol=-k-sulphon~te ground in

50g ol potassium chloride.

l.ognesiun chloride solution (0.01'14): 0.6162g of magnesium
suloshete heptahydrate MgSOh-?HnG, were dissolved in woter ond
fal

diluted to 250-cm3 in a volumetric flask.



w/v]

y oxylamine (10%
eleium Standard Sclution (0.01M): 2.000g of oven-dried

3

{220 - 110°C) Calcium carbonate were dissolved in 100em™ of
. v/ . _
¢ilute hiydrochloric acid (5% v; and warmced to expel carbon

Cioride. .fter cooling the solution was diluted to 2dm3 in

a volumctric flask.

otendord ZDT.. Solution (0.01M): This solution was stand srdiced
egoinit the stondard calcium solution (0.01M) using the osrocodure

cutlined boelow and stored in a polythene hottle.

ulffer Solution (pH = 10): SScm3 of concentrated hydroehloric
acid (d = 1418) were added to QOOcm3 of distilled water and
tRoroughly mixed. JIOcm3 of redistilled menoethanclamine weroe
s8lowvly pourcd into the mixture with stirrings. . fter cooling
To roon tenperature 50.0cm3 of the stend magnesium solution
(0.07:.) were titrated with the EDT.A solution (0.01M) using
1093 of the monocthanolamine-hyd:ochloric acid solution as
bufZer cnd golochrome lack 6B as indicator. The volume of
Lo, (0.0111) obtained was mixed with 50.0cm3 of magnesium
chlo il e golution (0.01M) and poured into the mnnoethanolamino-
Ly oehloric acid solution, thoroughly mixed and the solution

Ciluted to 1dm3.
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(i) _ectcermination of Lime (Ca0)

25.0::1::3 alicuots of the filtrate from the precipitotion
0f a~luminium, iron, chromium and titanium (section 2-3,7...7),
were pipetted into two 250—cm3 conical flasks. . fter
c¢iluting the volume to 50cm3 with water, 5cw3 of hydro:xyl-
cumonium chloride (10%) and 10cm3 of triethanclamine solullon

v/

~0% v) were added in turn with swirling. 1Dcm3 of arucoug
ot ssium hydroxide solution (8.) were added to only one of
the flasks to which, after further stirring for about “min,
Te?g of the HHSNN.. indicator were added and the solution
titr:ted with standard EDT,.. (0.01M) until the colour chan;ed
from wine-red to blue. This gave the approximate violue of
the titre for the celcium present.

7o the second flask, the volume of the standerd 000,
(Ua01])) equivalent to about 95 per cent of the calcium
'resent as determined above was added followaed by 10cm3 of
~otessium hydroxide solution (9M) and the titration
comnhleted as above. This gave the accurate titre for
cnlciume

The pereentage of lime in the original samnle was
cnlculated from the formula:

CaO(%) = 5 LI

vhere Vl = volume of %BT.. solution (0.01M) used in
3

titration of sample soln. in cm



1
Ut
(e
1

= mg of Cal0 eguivalent to 1cw3 ol standard
EDT.. solution (0.01M).
'lcm3 of 0.01M ZDT. = 0.5608mg Cad

‘he results are given in Teble IV--2

soternination of  agnesia (MgO)

— e ——

“rocedure

R

T5.0cm3 of the filtrate from the precipitation of

~‘uniniury iron, chromium and titanium weve transferred to a
?5?~0m3 connical flask and diluted to 5Ocm3 with water. Hth
Bvirling, Scm3 of hydroxylammonium c’iloride solution (109},

3

v/v), 20cm

10e” of triethancolamine solution (20% of buffer
gclution, a volume of standard ZD7. solution (0.01M) ecual <o

thirt recuired for the titration of calcium oxide, V and Q.°.¢

1'
of Solochrome Black 65 indicator were added in tvrn. The
c-lution was titrated with the standard gpT. solution {(C.Ci1i.}
t2 a nure blue end peint.

e magnesia content of the original sample was calculat~d

uz’ne the formula:

1igC (%) 5 {v,-v,) F,

volume of standard EDT.. solution (0.01M)

It

where V
2

required for titration of samnle sclution

3

in cm



v = volume of standard EDT, solution (0.01})

(Y

recruired for titration of the sample solution
in the determination of CaO.

b = MgO0 equivalent of lcm3 of stand=ard ID7T.

"

solution (0.015)

lcm3 of 0.,01M EDT.. = 0.4032mg t—lgO:
“he results arc given in Table IV-1

/here the lime and magnesia contents were very oi=ll,
tiie rliguot velumes were increased to 100cm3 znd the
volumes of the resgents z2iso incrensed accordingly to
recintain the selution at about p’l 10.

”~
. -

2+" Lotermination of Ferric Oxide, 7e 0

- — - - —— —3

a2
iron in soils or other geological materials may o:ict

in both the ferrous and ferric stotes. Therofore, to

cetermine the iron content of such samples, the analyst s

e :

to erxloy 2 method which ensures that the iron in {hwe Lm

A L.
-

st-tes is cuantitatively doterminedes The various metiio o
for determination of tot~1 iren content of silicates hr-vo
X X ., .83 B4 )

been reviewed by lMelnick and Chalmers , =nd the
socectrophotometric methods for the determination of tr-oco
“uentities of iron have also been described by Sinc=11 <
" herce I the e lerinctric

e . e cleseribed el awy byl Xylamine (-3 thoe

he'r ehloride s~1t) is added tc sample scluticn
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to reduce any Fe3+ to F92+. The latter is then compdlexed wilh

1, 1Z2=phenanthroline reagent giving o strongly coloured
86 g .
ro’digh=orange complex tris (1, 10-phenanthroline) iroen(IZ).

L ]
3+ hre“*

hre”t & 2NH,0H = + N0 + 4t . wo

2

2ot N I v 24
7% 4 3c HgN, f Fe(cizusnz)sj

e

tris (1, 10-phenanthroline) iron(II)

~his complex is quite stable and conforms to Beer's low,
its eolcur intensity being constant in weakly acidiec, noutrel
or weeitly alkaline medium (pH = 2-9), and having maximun

choorbonce at 510nm.

Lecgents

. e s e d——

w/v)

‘yirogen Deroxide (6%

lroonium ,cetate (10%) ¢ 1110cm3 of glacial 2cetic acid wero

Ailutod 2000cmo

with water and 1§0cm3 of ammonia solution
(4 = 7¢68) carefully added. The solution was mixed and tho

o0 adjusted to 6 using cither ncetic acid or ammonia sclution,

2, 10=vhenanthroline (0,1%): 100mg of the 1,10=-phenanthroline

monohydrate were disseolved in ?cm3 of acetic acid (glacial)

end diluted to 1000m3 with water.,
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> 3
Gteoadard iron(II) Solutio (0. 1mg FB?03/Cm Y: 0.,4911g of
forrsus ammonium sulphate, Fe(NH4)2¢(SOh}2¢6HQU, werae
Cizgolved in water and 2.5cm3 of sulphuric acid (d = 1.84)
and Sem” of hydrogen peroxide (6w) adaed in turn. After
b |
boiling for 15min and cooling the solution was diluted 1dm”

1141 ~ v.lumetric flas!:,

Jiluted standard iron(II) solution (0.0lmg/cmj): 50.00m3 o’

the standard iron(II) solution (0.1img Fezﬂj/cmg) were diluted

ta SthmB in a volumetric flask when recuired.

Praserure

0, 10, 20, 25, 40 nnd 50-cm3 alicuot of the dilutcd
st ncord iron(Ii) solution (0.01mg Fe?Oj/cmj) were pipetited
iate :0(.-crn3 volumetric flaskse. 2cm3 of hydroxylammenium
calorice (10%), 5cm3 of 1,10-phenanthrelinc solution

1/

o . !
 Eoy, A v) and Rcm3 of ammonium acetete solution (10%

w/

v,
wvere ~Cded in turne After standing for 1%min the solution
in ereh flask was diluted “o volune with distilled water.
me¢ ahsorbance of the solutions were mceasured against
the resgent blank in a 10mm cell at 510nm using Pye Unicanm
556-20C sncctrophotometer. A plet of absorbance against tho
eoncentration of iron oxide in each flask vielded the

celibration curve, Fige.?2,
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5.00m3 aliquots of the stock solutions were transferrod
to 100—cm3 velumetric flasks. The colour and the absorbence
vare developed and measured respectively as outlined above,.
“he ferric oxide content of the solution was then deterninad
by refercnce to the calibration curve,

The results are given in table IV-1,.

%=3«9 Doterminstion of Titania, 'I‘io2

. —

87,8
7,88 method depending on formation of intonscly

leller's
vellow peritanic acid when hydrogen peroxide is added to the
ecicificd solution of titanium sulphate is widely used ior
the determination of titaniume This is a fast and

8
reli-ble calorimetric method-g The procedure followed

is that described by Bennet and Rccdgo.

gent s

ner
e e i

“hosphoric acid (40% V/V)

Standerd titanium solution (1.0mg Tiog/cmj}: 0. 5000g of
titenium oxide were mixed with 16g ammonium sulphate ond

KOcmj of concentrated sulphuric acid (d = 1.84) and hcated
until the mixtured dissolveds After cooling, about 9Ocm3

of water werc¢ added and the solution cuantitatively transforrod

to = SOO-cm3 volumetric flask and dilutcd to volume,
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”
Diluted stondard titanium solution (0,04mg TiOQ/ch): 20c¢ca”
of the standard titanium solution (1.0mg Tioz/cmB} were
diluted to 5000m3 in a volumetric flask when this solution

woan roouired.

. 9
Frocedure

— o e —

Duplicate aliquots of 0, 5, 10, 15, 20 and 25cm3

roshectively of the diluted standard titanium solution
{0«0k4ng TiOn/cmj) were transferred to SOCm3 volumctric

/

flnrp-S8e Tou cach, 10cm3 of phosphoric acid (40% " v) were
wore added and to one of ¢ach pair only 10 cm3 of hydrogen
neroxide sclution (6% w/v) were addedese The solution in
a.ch flask was dilutced to volume and thoroughly mired.

The absorbance of the peritanic acid was measurcd
cgeinzt the appropriate control solution in a 40mm ccll at
390na using Pye Unican §P6-200 spectrophotometer; the colour
of tho solution being stable for 24 hours. The calibration
curve wes obtained by plotting absorbance against

econcentration of TiO

2‘ Fig-3.

?0.0cm3 aliquots of the stock solution were transferred

3

to ezch of the two 50-cm3 volumetric flasks, A and B. 10c:x:

nhosphoric acid (40% v/v) were added to both flasks whilc

19033 of hydrogen peroxide (6% v/v) wore added to only flaglc A.

Zoeh polution was then diluted to 50cm3 and thoroughly idixeds
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The absorbance of solution A was mcasured agoinst
that of B as above. and the titania content of the
original sample calculated by reference to the calibrotion

CUurvoe

The results are given in table Iv-1

"w=3e10 Determination of Mangancse Oxide, MnO,_

A rapid and rcliable colorimetric method for
determination of small amounts of manganecse is that
3 . 91 y z
doeveloped by Uilliard and Greathouse o« It is based on

- - pl -—

the oxidation of Mn * to 'Mn()k by potassium or sodiumn
metaperiodate in a strongly acidic solution, the rccetion
¢ruation being:

L

2t . 5zo; + 31,0 = 2Mno_]; + 510; + 6u*

The reaction proceeds smoothly over a wide range of
manganese concentrations. The few interferonces

encountercd are usually readily climinated,

Reagent s

rPotassium periodate:

3 3

Standard Mangancse solution (0O.1mg MnO/em”): 70.50cn” of
stondardized potassium per-manganate (0O.1N) were diluted

to 1dm3 in a volumctric flaske
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Diluied Btandard Wmanganese solution (0.01mg MnO/cm3)| 50om3

o the stondard manganese solution (Oe1mg Mno/cmjl were dilutoed

to 5000m3 in a volumetric flask when this solution was resuircds

Procedure

—— -

Cy 10, 20, 25, 40, and 50cm3 aliquots of the dilute
manganese sclution were transferred to 100-cmJ volumetrie
flosiis and diluted to volume with water.

The absorbance of cach solution was measurcd in 40mm ccllg
ot 52bnm agrinst water as blank using the Pye Unican SP6=~200
ghcetrophotometere The absorbance of each solution was plottod
against the concentration of manganesc to obtain the calibration
curve, Figure 4,

50.0cm3 aliquot of the stock solution was transferred to

a ,"SOuch beaker. 10cm3 of diluted sulphuriec acid (50% V/v)

3 of nittric acid (d = 1.42) and the solution evapor-tod

cad S5cem
to strong fumes to expel chlorides, The solution was then
coolcd, "Ocmj nitric aciad (ad = 1.42), 1OcmJ of dilute

v/

sheshheric acid (10% v) and 50cm3 of water were added in
turn and the scolution beiled to dissclve the salts and to
expel nitrous fumes. After cooling slightly, 0.2g of potassium

veriodate wore added, the solution boiled for 2min ~nd then

tronsferrcd to a steam bath and kept hot for 10mins. After
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cooling, the solution was quantitatively transferred to
o 100-Cm3 volumetric flask and diluted to volumec.

The absorbance of the soluticen was measured as
outlined above and thc manganese oxide contont determinold

by reference to the calibration curve.

w2421 Determination of Phosphorous Pentoxide, P205

~he most sensitive methods for the colorimetrie
deternination of phosphorous is the "molybdenum bluo"gﬂ
nethods The phosphorous is reacted with ammonium molybdoto
to form ammonium »phosphormclybdate which is selectlvaly reducod

with 1i1d reductants to the "molybdenum blue", a molybdenum(v)

species of uncertain composition:

770, + 12 L("HE)GM"'?O%_. + 3H,0 |_ (Nﬂh)spohd?’ibol!
+ 51NH,* 4 720K
(HH4)3P04-12 1‘-‘100‘!‘l + Reductant == Mo(v) specics
"olybdenum blue',

The blue colour of the solution is measured

spectroscopically at 725nm.

Roagents

yirochloric acid (6.5M): 540cm3 of concentrated hydrolic ccid
3

(1.%42) were diluted to 1dm” with watere.
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Sul auric acid (5«3M): 3000m3 of concentroted sulphuric ceid
3

(2 = 2484) were cautiously added to about 600cm™ of icce=cocdod
dictill.d water in a 1-dm3 volumetric flesk with swirlinge

ifter cccling to room temperature, the solution was diluted

ts v:luwie with water,

3):

ironiug molybdate sclution (25g/dm 259 of ammonium

molyhdate, {Nﬂh)6uo70°4.kH20. were dissolved in cbout 250cm”

of w-tor and poured intc a 1-t}m3 flask containing 500cm3 oZ
pulohuric acid (5.3M)e  after cocling the solution was

diluted to wvolume with distilled water.

ipoe-rbic acid (0.1% H/V)

“hio solution was always freshly proepared.

3

Stendard -hosphorous solution (Oe1img Poo5/°m Y: 0.1917g o2
ovan~aried {105-11000) potassium dihydrcgen phosphate were

fdispolved in water and dilutced to 1dm3 in a volumetric flrg:z.

Praceduregj

—

3

Cy 29 4y 6, B and 10em” of the standard phosphorcus g.lution

(Ce1nrg Pg05/6m3) were pipetted into 250-cm3 tall form beokorge.

ﬂsan of hydrochloric acid (6.5M), scm3 of ammonium molyblata

3

polution (25g/dm3) and 1cm”™ of ascorbic acid (0.1% '/v) wora

addad te cach beaker in turn. The solutions were heatoed to
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vigorous boiling and then beiled for 2mine Aftor coclliic
the solutions were transferred guantitatively to 10?-c53
volunetric flasks and diluted toc volume with watcre

The abserbance of each sclution was measured ageinct
woter at 725nm in 10mn cuvettes on the SP6~200 spectro=
phctometer, The calibration curve was obtained by »lotiing
the abscrbance of each solution against the concentr-itinn
of phesphorous pentoxide, Fige 5.

50.0cm3

aliquots of the stock sclutions were pipoiiod
into 250-cm3 tall form beakcers. 5 cm3 vf nmmonium
aclybdate solution {359/dm3} and 1cm3 of ascorbic ceid
solution (0.1% w/v) were added in turn and the cclour 2a2d
~“hgorbance of the sclutions were respoectively develosed
and meapured as cbove. The net abscrnzace of each

soclution was obtained by subtracting the absorbapce of tho

3 of hydrochleric

rengent blank prepared by diluting 10em
acid (d = 1.42) to 1000m3 in a volumetric flaske.

Tha concentraticn of phosphoroun nentoxide in tha
criginal sample was determined by roeference to the

calibration curve.

The results are givon in table IV-1

=3« 7% Determination of Alkali Oxides: Lizo, K?O, and na?o

The alkali oxides - Li O, Kao and Na?O - were

cetermined by flame photometriec methods Since the stoo-
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sclution wused for aralysis describoed hitherto was
crepared by fusion with the fusion mixture (KQCOBINaHCOB)
the%d solution could not be used for determination of thoo
allzali oxides. The solutionsused for this purpose yoere

prepared by acid attack.

Deccmposition of geil, clay, limustone and marble

Scmles for determination of alkali Oxides

The gamples were decompesed by a mixture of acids =

sulvhurie ncid, nitric acid and hydrofluoric acid.

ﬁoagent
Sulphuric acid - nitric acid mixturo; 50cm3 of sulghurisz
ecic (d = 1.84) were cautiously added tc ?00cm3 of watcer

with stirring followed by 250cm3 of nitric acid (d = 1.%7).

Proccedure

0.25g of the finely ground dricd (at 100-110°C) sausle
of scil, clay, limestone, or marblc were weighed in a
T 3 .
platinum crucible (30 or 50-cm”) and ignited gently for
12 min to remove the organic matter.

Te the couol crucible, 10cm3 of cach of gulphuric
celd=nitric acid wmixture and hydrofluoric ~2id (40% w/w)

wvere addede The crucible was transferred to a low=-
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temverature hot plate and allowed to react with the 1icd on
Zor 15 min and then evaporated to dryness. To the cocl
residuc, 1Ocm3 of sulphuric acid-nitric acid mixturc wero
aClaely rinsing down the sides cf the crucible with water,
2he selution was again evaporated to dryness.

The cool dry residuc was dissolved by warming with

w/v)

-

chmB of dilute nitric acid (5% » after ccoling and
filtering, if nccessary, the solution was diluted te

ﬁEOCmJ in a volumectric flask to form the "stock solution M.

Flame Photometric detormination of the akali coxides

Flame photometry is branch of spectroscopy in which
thie flome is the source cf excitation energy. Dvorac.: .
EE.EL attribute the first quantitative applicationof radiation
cmitted by a flame to Lundegardh who is regarded as the touc
founcer of the method, He introduced a solution of the

sawple inte the flame in the form of aerosol and deteeted

tho radiaticn using a photographic platee. Though the plont
nhysiologist Hicndurgardhgh had developed this method tc

study the distribution of some clements in plants only,

this method was found to be of great significance in all
rnalytical chepistrys. This methocd has been widely
investigated and today finds application not only in

industrial control laboratories but in many othor aspects
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o human activity ranging from medical lanoratories to erimi -l
inveotigotion.
The detailed treatment of tho principle of flame

=95 on the subject ~nc

oactometry is given in general texts
will e only briefly considered herce, when compoundsas of sci2
elomcnts a2re introduced into t e non-luminous flame of the
Suasen burner, they give characteristic colours: sodium grlip
¥ollewy lithium salts red etc. This colour ie cdue to the
omicsion of radistion by atoms or molecules, The radiaticn
forts the spectrum of the atom or molecule, the spectrum boing
uni uve fer that atom or molecules toms give line spectre
wi:ilc pelocules give band spectra.

¢ charncter of the emitted radi-tion is temperature
Catendoente When an ordinory gas flame is used as a scurce o
oreitotion energy, only those clements such as lithiun,
sotopsiuny and scdium thet have low c¢nérgy clectronic lovels
ero cugitede With hotter flames (nboeve 3300°c), other elonerta
=lzo give cimissicn linese 3<e-usc the lines are relatively Tor
ia o typdicnl line spectrum, a rather simple instrument is uzod
o nehiove gatisfactory separation of the lines for anslyczia.
Cne osueh instrument is the flame photometor which cif “ers
f2om the ordinary photometer or spectrophotometer in that tho
1ig0t scurce of the photumeter is replaced by the atomiser :nd

ournar.
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The intensity of the lines at a specific temperaturce is
Circetly preopeortional to the concentration of the clement,
“hig offers a method of determining the concentration of o

given clement in the sample.

Ioharatus
B E A R —

Flae vhotometer: Corning-gel; with lithium, potassiuv:

o sodium filters.

..01"‘ﬂ0nt3

n
b A

Lluninium pulphate (10mg alzoj/cmj): Pure aluminium mctnl woo
clooned with hydrochloric (50% v/v)gﬂthanol (95%) and cthor.
o 10458g eof the clean dry metal, f&Ocm3 of sulphuric acid

{7 = 1.0%) 120cm3 of nitric acid (d = 1.42) and approximotely
5:.0'.'.13 of water were added. .fter rezcting in the cold, the
miszture was gently heated until the metal dissolved and the
nitrie oxides were expelled and the sulphuric acid fumced
ptronglye The sclution was cocled and the crystalline pelt

3

Gicpolved in water and diluted to 2dm™.

SJluaninium sulphate 4 (2000ppm 31203): 400cm3 of the aluminiun

pulohate seolution (10mg .'.1203/cm3 were diluted to dej.

Litiiuws econcentrated solution (400ppm Li?O): Lithium sulph %o

noaoaydrate was dehydrated by drying at 15000 for 24 hours,
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1.47479 of the anhydrous salt was disscolved in water and

3

Ciluted to 1dm™ in a volumetric flask and stored in a pelytlienc

Dotiloe

Lithium ptondard mlution B (40ppm LiPO)z 500m3 of the

3

concentr-ted lithium sclution , were diluted to 500cem™ in o

volunetric flask nand mixod,

Totrssium/Sndium ~oncentrated standard solution A (400pom
I£,,04 100ppm Nn20): 0.6331g of potassium chloride and
010069 of sodium chleri e, both salts dried at 15000, were

= 2 .
Cispolved in water and diluted to 1dm” in a volumetric flos-.

“otossiun/Sodium standard zclution B (40ppm ¥,0, 10ppm HaRO):
3

5CeZcm” of the concentrated potassium/scdium standard sclution

L verce diluted to 500(:1!!3 in a volumectric flask.

Lithium top standard (20ppm Li90)= 25.0cmj of the lithium

ccneentrated standard solution and Qﬂcmg of nitric acid

v/

(5% v) were diluted to 500cm3 in a volumetric flask ond mnixoed,

Potrosium/scdium tc standard (20ppm K 0, Sppm NnOU): 5c.ac:3

2

o pDutassium/sodium concentrated standard soluticn, QOcm3 ol
r111' d = B el “c1c % V/ . ey 3 - s a .
Adilute nitric acia {5 v) 2nd 30cm” of aluminium sulphato

Ak 3
c-lation (10mg 41,0, /cm”™) were tromsferred to 1-dm3vn1uuctric

Z1-picy diluted to volume with woter and mixed.



Potiisium/Sodium zero stanlard (and diluted for alkalis

3

in crcess of 4% K0, 1% Na,0): 40cm” of dilute nitric ccic

54 V/v) and 30cm3 of ~luminium sulphate soluticn 10mg

LlﬁOj/cmB) were transforred to 1drn3 volumcetric flask, diluccd

to volume and mixed,

Intcrinediate Calibraticon Standards:

Lithdum: 10, 20, 30 and bOcm3 aliquots of the lithium tol
st -nlards were transferroed to 50cr:3 volumetric flasks

g = ” s " . Vv . .
containing 4cm3 of dilute nitric acid (5% /v) and diluted to
5Ccn3 with water and mixcds These concentrations were counivolond

o Ly 8, 12, and 16ppm Lizo or 0.4, 0.8, 1.2 and 1.6% Liﬂ'}’

Poteseiun/Scdium: 2.5, 5, 10, 20, 25, 30 and hOcrn3 aligquet
reshcetively of the potassiuny/sodium stomdard sclution 5 vera
tron.ferred to 100-cm3 velumetrie flasks containing 4cm3

2y - - ] . V/ 3 . .

cilute nitric acid (5% “v) and 3em” of ~luminium sulphate

sulution 1Cmg “120 /cm3) and diluted to volume. This gove 7,

3
2y &, 8 10, 12 and 16ppm K20 and 0.25, 0.5, 1, 24, 2.5, 3 ond
vy 1};-.?(‘ respectively or 0.2, 0.4, 0.8, 1.6, 2.C, 2.4 and

2e2% KO ond 0,05, 0.1y 0,2, Culiy 0.5; Cub ond 0.B8% Na\PO.

Procciure

R e e e —

“he flame photometer was 1lit and air turned on and adjusicd

2
to 101b/in"s Water was sprayed and the gas flow adjustea to
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nivye well-defined blue cones, The appropriate filter wes
Zitted,

For lithium the full scnle was set with 20ppm Liao to:
gt -acord and zero with distilled water. The intermediaste
eclibretion standards were then sprayed, noting the readingg
=~ eheeking the full scale and zero frequently. From the
rendings o calibration curve was prepared, Fig. 6,

The sanple svlutions 4 were similarly sprayed, the
rescings noted and the concentration of lithium in the
orininal sna'vle caleculated by reference to the calibration
CUIrvVCe
For potassium and sodium, the full scnle was set wiih Ltho

sotagsium/sodium top standard (20ppm K,C, Sppm NaZO), and zero

2
cinl wotassium/sodium zero standard. The intermediate standardg
vere agein sprayed as above and calibraticen curves similarly

oblcined, Figs. 7 & 8.
ﬂ5.0cm3 cf the stock scluticons ;. were transferr.d to

5'--cm3 volunctric flasks containing 5cm3 of nluminium sulh~to
{n00G/ppn "1?03) ~nd diluted to mark with water to give solution

e Thesc solutions were sprayed as above, the rcadings notod
2¢ the concentrations of potassium and sodium in the criginal
sni_ les calculated by reference to the appropriate calibraticn

CUSVCe

The results are given in table 1V-1.
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CH..PTER I11

ANALYSIS OF CEMENT

The analysis of the cement samples included the deteruineo-

tion of loss on ignition, inscluble residue, SO 1903, Fe, C

3! i 3

Ca0y HgCy Na,0, K0, Li,0, PO, and Mn

5 203'

The variocus brands of cement studied, comprising mostly

of thosc imported from different producing countries in the

worlc, arc given in Section 3=1 bclow.

5=2 Zollcction Of Samples

The cement samples werce cellected eon building sites on
and around the ,hmacu Bello University Coampus, mostly from
e Senate Buildinge The samples were taken from freshly
osened bags of ccements, put in pelythene bags nnd tightly
notchede 11 relevant informnation regarding the brand and

rocucer were noted, The samples collected werci-

(i, CELEIITC PIRINED: Portland Cement, Made in Spain.
(i) 7IT:M: Hellenic Portland Cement, Titan Cement Co.,
strength equivalent, BS12/58-71, Made in Greece.
(1ii) FCLCEM: Feland Cement, Folcem Brands, BS:12:1958,

Vade in Poland.
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(iv) FOU FLAG: Hellenic Fortland Cement, Strength Requiremcont
ocording to BS:112/71, BS:12/1958. Heracles General Cement,

i-chens,y Srecce.

(v) J.GU,R: Gran Canaria, Cementos Especinles, Sa... .rguincgun,
Bouivante on resistance at BSS 12/1958 Puz=-1-35C, Made in

Ic .'.'".ly-

(vi) SEVOlt  Lckom Portl-nd Cement, Fz 450, veb Zemon Kombinat,

Gute Ubcurwacht, Nach DIN 1164 .SMW D.R, !lade in Germany,

(vii) CCiPHI.. DE CIMENTO: Sccil Sore, Portland Normal, * ‘-

(viii) ZZ.2l1: Veb Zement werke Ruders Dorf 3etricbsteil 4,

Seusen Pz 45, Made in Germanye

(i) UDICI 325: Cemento Pozzolanico, Stabilimento di Guildoma
Phyrciecally, Sacchificio Turderasda Varesi, Equivante al

205/12/1958 Made in Italy.
(=) JL3.. CEMENT: Export Cement, Cemento, Made in Italy.

(:zi) DJURHLI:  Portland Cement, Burham Cement Co. Ltd., London,

Paclzed in Nigeria for Nigeriam National Supply Co., NNSCe
(xii) ELZPIIIT: Portland Cement, Made in Nigeria

(xiii) SiZNTIP: Cement, Esportazione, Made in Italy.
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Loparatus
Flotinum Crucible: 20 and BO-cmB caprcity

- S
FufZlc furnace; Carbolyte, temperature range G=1200 ¢

Socetrophotometer:  Pye Unican SP6-200 with 10mm and

L4Omm cuvettes

Jengents

Al reasgents used were of analytical groade unless stoted
othorwviscs

“vdrochloric acid (d = 1.18)

<~ : o/ v/
Jdycrochloric acid (5% v)

: . W
Sodium hydroxide solution (10% /v)

Jamenium chloride solution {209/dm3)

ljethyl red indicator:

3

ig ¢f the free acid dissolved in 1dm” o©of hot water.
Jarium chloride solution {100g/dm’)
selyethylene oxide scolution {2.59/dm3)

v/v}

Sulphuric acid (50%
Sodium carbonatce

Joric acid
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Preparation ©f Cement Samples

Sincc all the cement samples collected were in thc
“incly pulverized state, no grinding was necessary. (o

wrcemtreatment wons performed on the sangles before analycic.

+3

hese sueples were therefore analysed as colloeted,
Samrles decomposition was by the acid decomposition

metheod using hydrcehloric acid as given in Seetion

:Fﬁ}yticzl Stulics 7f Coment Samples

The analytical studies carried out on the cenent

somples were the determinations of loss on ignition,

inscluble residue, sﬂj, "1“03. ch03, Ca0, MgO, NrPD,
1{2*.’:, Liao, P:,_C5 and Mn203-

The analyticnl techniques cmpleyed in these

ceterminaticns are cutlined in the appropriate scctions

hoelow,

3"":-"_ :‘t;t;;rmin"ti(‘n of Loss on anitif.n

97 . P g

The loss 7 in weight on ignition of cement at 1OCC°C
is primary due to loss of water and carbon dioxidc.
lowever, oxidizable matter may alge give rise to losp
(orgeniec matter) or gain (sulvhide suljphur), and the losc
. 98

uay ~lso be affected by other components present in tho

cambl ce
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1.000g9 of the dry coment sample was weighed in o
constant weight platinum crucible. The latter was almoct
comrletely covered with the lid nnd ignited in a nufflc
furnace at 1000 * 20“6 for 30min, The crucible was the:
roucved frem the furnace, completely covered with the 1iQ,
covled in n desiceator and reweighed., The purcentoge losg

on ignition was calculated thus:-

WJeight of platinum erucible 4+ cement = x

cight of platinum crucible 4 residue = 12
Loss on ignitiﬁﬂ -we s e s = Sl 4
... Loss on ignitiUn ana = (:—y) x 100

‘e results are given in table 1Ve-2.

» Deternination of Insoluble Resicdue

100 |
The inscluble residue in cement comes about

gencrally from clay and slag which are used in the manulnciu

«f ececnent as alrcady discussced (Chapter I).

> 0
Procc:'uregg'1 :

1.000g of the cement sample was nccurately weighed o
ircnsferred to a 250-cm3 benker nand covered with o cloc:

gl-~s3. Jbout ?.5cm3 of water were added through the 1li> ol

L]
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beazer and the ecemont dispersed in the water, YWhile swirling,
S5cu” of hydrochlorie acid (& = 1.18) werc added. The mixiurc
wveo gently warmed over a hot plate, breaking any lumps with
ti'e Clottenced opd of a glass rod until the decomnesition was
coizlete as indicated by ceasaticn of effervescenco.

“he sclution wos diluted to SGCmJ with water, heated
cuicizly to boiling and then, with the cover still on, digoestod
over the steam bath for 15min,

~he solution was filtored using a Whatman No. 41 filter
hopery, rinsing the beakoer and the residue thoroughly with hot
water, The filtrate was rescerved for the determinaticon of
sulshur trioxide,

~he filter paper with its contents whs transforred to
the origionnl beaker and digested just below the beiling point
with fDOch of sodium hydroxice solution (109 "/v) for 15min,
ptirring the mixture cceasionally te macerate the filter papeor,

~he solution was acidificd with hydrochloric acid
(2 = 1¢18) using methyl red as indicator and adding 4-5 drono
of thic acid in o¢xcesse The solution was filtered and the
2il%er poaper and residue washed 14 times with hot ammonium
ghlozide solution (RDg/dmj). The filter paper with its contents
wog then ignitod in a constont weight crucible at 1000°¢c for

3%1da, cooled in a desiccator and weighed.



i blank detirmination, following the same procecdus
=nd using the same amcunts of reagents, weas poerformedc -nd

thie results obtained in the analysis corrected accordinglye

Sw3e3 Dotormination of Suljphur Trioxide

: ; i i 5 . 107,
Sulphur trioxide 1s detcermined by turbidimctric )

;10 z 3 L
cenductometric 3, andd grr:v;mctric1 b mcthodse The
closgical gravimetric method was used in this work.

104

Preccodure

The filtrate from the determination of inscluble
reo due was diluted to about 250cm3 in n BCO-CH3 boesker
dth digtilled watere The solution weas hoatod to noar
beiling and 1Ocm3 of hot barium chloride sclution
(1JDg/dm3) added slowly and drepwiscly from a pipettce
~he solution was digestoed near the boiling point for
12hire maintaining the volume of the solution betwecen 205
and h6ﬂcm3.

The precipitate was filtured and washed thoroughly
with hot water. The filter paper containing the preeisit-te
was transforrod to a constant weight crucible, charred, ond
then ignitaed at qou“c in 2 muffle furnaocce.

after cooling in a desiccator it was weighed as

bDarium sulphate, BnSﬂk.
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i recgent blank determination wns performed folleoodi
tag some procedure and using the same amounts of res ontso.
Tho results of the onalysis was thon correctod

accerdingly.
The vercentage of sulphur tricxide was cnlculat.d
using the £ rmulaz-
323(%) = 34300
whore 34.30 = gravimetric factor (0.3430) multili @
by 170
W = weight (g) of nasoh

Tie results are given in Tnble IV=-2.

3=3«L Doternination of sioz, “1203,_59203, €0, Mg,

I R

70, P,0, wnd Mn,C,

These oxides were determined on aliquets of the otoes
solution preparced by hydrochlorie acid decomposition of

the coment samples using the various analytical procourcs

yiven the appropriate scctions below.

ie Decompesition of the cenent gamplos

}rucuﬂurc
1.0009 of the dried {105-11000) sample was
3

.
trmsferred to n 25C-cm” beakore 10em” of w-ter -ad

25cm3 ef hydrechloric aci¢ (d = 1.18) were ndded. D2
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busker was covered with a clockglnss and boiled over a lov

tenmerature hot plate fur 30 min,

Deternination of WMain silicn

The main silica was dotermined grevimetrically.

?rucuvure

The beaker and contents frem the decempesition ol geunle
were allowed to ceol and the clockglass rinsced with weotor
inte the scolution. .\ Whatman accolerator tablet was added

Ved

a1 the solution stirred to break the pulp. 5cm3 of

were agdet
>olyethylenc oxide sclution (2.5g/dm Y{with stirring -ad
allowed te stand for Smin,

The precipitate was filtered using a Yhatman No, 541
Tilter paper, transforring the precipitated silica wvith hot
dilute hydrcochloric acid (5% v/v) and scrubbing thce bealter
uvith a rubbur-tipped glass rod. The precipitate was woshed
0 timcs with hot dilute hydrochloric acid and then with Dot
woter until free from chlorides. The filtrate and washings
were rescrved.

The filter paper ceont2aining the precipitate was
troansferred to a constant weight platinum crucible, charred

ever the gas flame to remove carbonaceous matter and finally
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o
ignited in a muffle furnace at 1200 ¢ for 20min, ccoled in
o desiccator and weighed,
The residue was moistened with water, 5 drons of Jiluted
. EPTR ) Fnd GF St ’ .3
sulphuric acid (5C% “v) and 1lcm” of hydroflucric zeid
1.t w/ : : = ; .
(%Cl% w), and the¢ solution evaporated to dryness over o
low touperature hot plate in a fume cupboard, The cruecibhla
Ath residuc was hoated cauticusly at first over the gos
4 . Z 5 o
flaae, and finally ignited for 5min 2t 1200 ¢, cooled =nd
weighode
dhere the residue weighed more than 30mg the sulphuric
seid/hydroflucrie acid treatment was repeantoed.

The Qifference boetween the two weights representaed the

main or M"gravimetric silicat,

e srepcration of solution for determination of residual

silica, 41203, F02C3, CaU, MgC, TiDz, P205, and ano

J

Proeccedure

The residue from the hydroefluoric acid treastment of the
"eravimetric silica" was fused with 2g of scdium carbonnto
cnd Caftg of boric acides The melt was dissolved in the
main filtrate the determination of the "gravimetric silienl,
cooled and diluted to SOUcmB in a volumetric flask to give

th: stoek solution the aliquots of which were uscd for the

doetermination of the above menticoned oxides,
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Je Doterninntion of residunl silica

-

The amount ¢f scluble or residual silica present in the
stoele sclution was determined spectrophtometrically oo

~eceriboed before, Scetion 2-3.5.

)

«» OCrlculation of total silica content

The values for the gravimetric and residual silice
rogocetively were summed up to obtain the totnl silicn
content of the sample,

The results are given in Table 1vV-2.

Fe Deicermination of “1203, FOEGJ, CaC, MqO, Tiﬂa, ~nd P205

The procedures employed for the determinations of thaso
oxicdes werc cxactly the same as thosc described in Chapter

iIs The results are given in Table 1V-2.

Ge DJeoterwination of magnanic oxide, Mn 0O

23

The same procedurce as used for the determination of
;nc? in Chapter 11 (Section 2<3.10) wos used. The values
obtainced, were multiplicd by 1.113 to obtain un"”a.

The results are given in Table I1V-2.
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S5=5¢5 Determinaticn of Alkali Oxides

Beenuse tha sclution uscd for the determinztions
putlined hithorto was preparced by fusing the resicue
from the hydrofluoriec aeid treatment with sodium c:rbﬁnatc
this sclution could not be used for alkali determinction

particularly Naao. 4 fresh pertion cof the cement snm:lo

A

wes therefore decomposed using hydrochloric acid for the

determingtion of the alkali oxides,

L Decomposition of Cement Samples for detoermination

of &‘L‘(ali Oxii.}es (Li20 :{.20‘ NflzG}

Procodurae
Ce1000g of the ecoment sample was woeighed and

3

transfoerred to a 250-cm” beaker and dispersed with
li?cm3 of water ang 5cm3 of hydrcchlorie acid (¢ = 2.20)
ndded with swirling. .ny lumps of coment remaining veo
broken up with the flattened ond of the glass rod, Tac
soluticon was digestod ovur the steam bath for 1iSmin ond
filtered using Whatman Ne.41 filter paper into a
100-cm3 volumetric flask, washing the besker thorouchly
with water, .fter cooling to rocm temperature the |
sclutiocn was dilutod to 100cm3 and mixed thoroughly.

This sclution was usoed, fur the determination of the

clkali oxidos.
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Ne Flome Photometric determination cf ,lkali Oxiles

This was performed as doseribed in Chapter 11,
Coetion 2=3.12B.

The results are given in Teble 1V=-2,
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CHAPTER 1V

. RESULTS 4D DISCUSSION

antgié chnptcf igé results of the anclyses of thoe Building
Katori¢ls are p}csentud;, Table IV-1_summarizes the analyticcl
Cota on thac sciﬁ, clay, limestone and morble samples, vhilo
Pedlo IV-2 is a compilation of the analytical results obtaincd
o:r Ll coment analysis.

3asced on the analytical data, the cement samples are
gi~npificdy where fonsiblc. according to the .merican Sociely
T24 2enting and Hmturigls Specification (.5TM)3 comparicon
hotwoen the Nigerian made coment and the importcd cement isg
o2 =nd the analytical cdata on the cement samples compared
witl thosc on ihc local Building Material, scil. Fihally,
c nelusions and suggestions for further work arce made,

Results of thoe analyses and their discussion follow

Daleus

L1 the analyticenl results are shown in Tnb;es IV=1,

I7-=" 2lowe

r e—— o e -

- E}scussion Cf Results Of ,nalysis, Of Soils, Clays, Lim?stqngu

nd larble

-

~he results ©f the analysces of these materials arce as. giwsfr
ian 22ble 1V-1. The analytical results for each of these mctoericla

o2 consicered hercundere.



TW3LE IV=21 COIITD

Mgo | cad | 14,0 %‘ mab o1 |.1ic, |- PO, Mno, | Li 0
)e 10 0 CeR1 Ced2 ) 4.17 } 0473 0.7% 0.02 0412

0.10 0 Cell 0.28 5«23 D.95 0.50 0.03 0.12
22 © Ca5C | 2464 | 4.25 ; 0.83 | 0.34 | o0.04 | 0.56

0,20 G Coli2 3.20 &.35 0.85 0.29 0.07 0. 56

Ce22 0 Ce?43 240 | 4.59 | 0.50 0.31 0.02 0454

0.1y © Ce25 | 0,401 3.55 | 0.26 + 0420 | 0.02  o.12

': : E i E !

0.82 0 ' Calib l 1663 | 545 ' 0.70 3 0.41 0,06 ; 0.36
Oull 0} 3e30 ) 0e16 {11475 E 1.93 E 0u23 § 0403 | Oa12
Dal & 2 O.14 ) 13.37 1.05 0.21 C.C3 Ce12

O | 0457 | Co4C D¢72 | 4.86:] 0.6C| c©.21. o0.04 | ©.20
0 0 Ce 26 1.28 | 10.26 | 1.56 0.53 G.05 « 20
c: D 0% 18 0e16 | 13.88 | 0.60 | 0.16 | 0.03 0. 12
2.00| 48467 | 0.06.) 0.20 | 42.76 | 0.08 1. 10 0.18 0s12

0.84] 4843k | 0.tn ) c.28{98.91 V' 6.10] %.20 | 0.16 | 0.12
1.79] 49.75 ] C.92 Oe2k | £2.20 | 0.15 1. 95 "n.is C.16
1.00{ 47.21| C.23 0«32 | 40.18 | 0.18 0.23 0. 22 0.20

6.37] 1767 | 0476 0uh8 | 24047 | 0.50 2.95 0. 46 Ou 14

3.27] 44,90 ] 0©.061 0e30 | 42.46 | 0,09 1+ 10 0. 10 0412

10.56] 32451 e 37 0«20 | 41.18 0. 10 P L0 0.30 Ue 36

0.80] 53496 | 0.2 Ce09 | 43.51 | 0.08 0. 38 04 30 0. 16




TABLE IV=2 CONTD

o s T A -

f? _ Lo; Na,O K,0 Li 0 Tio, p205 Mn203 {E
el Ea84 0419 0.80 0.20 0.36 0. 59 0.06 3434
Taf3  Ne03  C.2k (0,56 C. 16 0.32 0,08 0.13 1,37
.07 1235 0,12 C.68 0.27 0a.20 0.56 Ou28 0,02
7e70 La15 0,20 0,74 C.20 0.28 0. 84 Oe11  a27
3407  faB85  0.20 0.68 0.18 Ou 3% 0. 67 0.58 3492

=1 | 1oy 0. 15 1. 14 0.22 Cedh 0.36 C.16 1,56
5e 19 253 0a21 0.76 0.12 C.30 0.58 O. 11 3.7C
3a35  1aH0 0420 tetk 0. 14 C.37 C.36 Ce11  1e21
1.00 La71 2.04 2,88 0. 16 0.56 1.68 0.29 1%53
2«33 1455 ©Ou21 0.82 0.21 0. 32 0.56 0.06  3e13
5al7  1.65 0,16 0.36 Ou12 0. 34 1.0h Cal16  04L5
Talt 1665 0e12 0.26 0.18 0.28 1.68 0.13 ©a33
fe5C 3438 0.15  0.76 0. 26 0e32 0.45 Cal4 1463
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: seils

From the data on the soils, silicn, 5102, appears to o
the predeminant component of the soil., The value cobtoinced
r:aged from GhehU to 83.42%. It is fellowed by aluminn,
51203, whose value ranges from 4.6 to 9.21%.

The amcunt of the iron oxide is also fairly high, 1,65 -
Go00%,y ond may be respensible for the reddish/brown colour of
scme of these soils (Birinin Kebbi Falling Wall, Samoru
Fclling Wall and Zaria City Wall).

The fairly high concentration cf alkali oxides in the
Samaru Mud-brick (3.78%), Samaru Falling Wnll (%.18%) -nd
Zordn City Wall {3.17%) may be due to the fact that these
poilsy werey, os it is usually done, mixed with hay, ashos,
and animal droppings.

The lime content of these soil samples is practically
moros This is due to the fact that cnlciumlo5 which cxict
in poils os CaCO3 and (_',.'*.SC‘Zl is cnsily washed away by rain

vater,

59 F205 and Mnoa cceur in

The other oxides, lMg®, TiO
rcelatively low concentrations, the respective concentr-tiong
for these oxides being less than 1% in all the samploese

These analytical results are in fair agrecment with

. . . 106 :
tcse obtained on some soils by .kanya « The silica

ccentont however, :.ap-.mra to be much highoer than the average



vo_uc obtained by this author (45.86%). This may be duc to
the fret that the soil used for making the mud-brick is
usually the loomy soil which congists mostly of sand
viroreas this author obtained his samiles at some depth in

Tic grounda

o>

Tho predominant component here again is silica with the
v-lue ronging from 44,88 to 78.83. 1t is followed by
aludina 3 ‘;1203 ]

clucinosilicates. The concentration of alumina rangos from

with which it is usually combinod forming

Ca?23 to 30.73%. The concentrotion of iron oxide, F°a°3'
ranges from 0.65 to 6.60%. .part from these oxides, the
concentration of other oxides remain generally lows

woart from the Ogbakiri Clay, other clay sompleg show
=ere lime content, The cecurence of lime in the Ogbalciri
Clny sample may be due to its riverine location.

Citania, TiCa, shows 2 wide range in its concentration,
Zal0 = 1e93%e The alkali oxides occur in concentrations
ranging from 0,12 to C.92%. Nn20 appears generally in
higher econcontrations than Lizo nd Kac. Liao has a Tairly

coustant concentration (0.12%) in all the samples,.

oceurs in values ranging

Phesnhorous pentoxide, P?Cs,
Zron Ce21 tu (0a53%, The amount of Mnﬁ? is genorally very

low in 211 the samples (003 = 0.06%)a
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The less on ignition, which is due t~ loss of water,
cul-hur trioxide and carbon dioxide, has a range cf valuo
from 4,86 toc 13.88,

The analytical data obtained for the clay samiles
anclysed compare cuite favourably with the specimen

- 10- 8
analysis quoted by Grimshaw i i‘itchel ¢ Ellc and

a
‘..'ar.allIC T Appendix fi.

"e3 Limestones and Marble

-

“he major components of limestones and marble is
lipcy, Cal, with a range of concentration from 3C.51 to
53496%. The concentraticon of silien is gener=slly low
czect for onc sample (GL 62596) which has 2 high silic~
content (34.28%).

3? ircen oxide, F0203, and mognesio, 107,

cceur in low cenczntrations gen rally. The sample

wlumina, algo

GL 62598, however, has fairly high iron oxide (9.120%) -nd
nagnesin (10.56%) contentsa

The concentrations of other oxices - titania, ollz-1i
erides, manganese oxide and phosphorous pentoxide are

gencrnlly very low.
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The vnlue for loss on ignition is guite high. Tha
loss in weight of limestones and warble on boing ignited
e . . .
ot 1208 C is due to the loss of watoer, ~nd, in main
corbon dioXidoe.
These results are compared with those of Benncett

110

and. Reeoo y appendix B.

Digeusgion 0f Rogults Of Cement .nalysis

In cemont chemistry, it is conpventionzl to usce
shortened notaotions instend of the ehomical notations,
When first appearing, the compounds are shewn in the
oirrdinary chemical notations, but subseguently the
shcertencd notation is usced. Some of the shortened
formnulaoe which will be encountered in this discusasion

inclucdc the following:-

L = rilz()j
C = Cﬂ.(‘
F = FEBOB
- e
5 = Sltz
C3S = 3Ca0.$iﬂz
Cas = ECaOaSioa
C_ .4 = JCaO-&l Q
k| 23



w W e

Y = BCC\’.‘)QJ..I._G
53 23
i = 12Ca0e 7.1 .0
C12‘? eDs] 23
A = /e - (“'
CpoF 4eat ;1203 Fe, 3

Kc2351:«3 = K?ﬂ- 23Ca0,. 25102

I

" i C.B alle 34 0
HCB 3 N12 Calle3 12 3

The analytical data on the cement samples arce prescented in
2ahlo I7=2, These data are considered below.

~he main oxides of the cement samples analysed is the 1liliog
thie volue of which ranges from 39.96 to 64.45%. Lime is on
esconticl component of all cements, buing derived from the
decoiposition of calecium cerbonate, chPj mainly, and sowmctincg
being added in the form of gypsum to control the setting of
cza.nts The Cnci*3 is fed in the kiln in the form of the row
moierinls, namely the calcarcous moaterials <« limestone, cemcit
roczy chalk, marl marinc shells and alkali waste.

Linc occurs in coment combinced with three other prinei-=cl
conciituentsof cement = gilicn, alumina, and ircen = t forn-faus

% ; 22
ariincipel compounds e

(i) +tricalcium silicate, 3035.Si02

(ii) tricalecium aluminate, BCaO.nlzoj

(iii) dicalecium silicate, 2Caﬁ.5iv2

(iv) tetracalcium aluminoferrite, k010.“1203,F0203



Lhesoe compoeunds are responsicole for the propertices of
cenents suech s sctting rotey early stroengthy resistouce to
. - : = 22 |
chciicnl attack c¢tce Theoretically the difference in
gerongth from one stock te ancther steock of cement can be
atiributed t« the difference in the properticn cof C3S anc C_.8

cro:oont in the cementy; which cempounds arce mainly responcible
Zors the development of the strengthe CJA controls the sctting
tine whilce CkuF increcses resistance te sulphate attache Qthor
1iae corvounds include caleium aluminato, Cay Csa which are
voery impertont in high alumina cements,

cilica, sicg, the next principal component of ccaenty which
is usually present in the state of combinationy is derived fron
arg’lloccous (clayey) materials - clay, shale, slate, blost-
furiaccce slage ashes, cement rock - of the raw mix. 4As stated
chove, it combines with lime to form cnlcium silicrtes whicl.
sre ressongible for the strength of the cement. In th: present
vort: the silica cementy, as shown in Table IV-2, ranges from
1Ce05 tu 2040%,

2he third major component, alumina, ,1_0 has value of

31
el = 7430%e It also cccurs combined with silica in cloys,
sJlunins is pregent in Portland cement principally as C_hie IS

nicites little contribution to the hardening of Portland cemonte.

Itz vedin use in coment manufacture is that it acts as a flu:s,
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roedue’ ng the clinkering tem eraturcs. Com nts of high 03; cuntend
rve lowerced resistance to sca=wotore.

e last principal compenent is iron oxicde, Fuzﬁa, vihice
concentrationwiries from 1493 to 4.95%. Iron is derived neinly
fromn clay or shale but as scen from the analysis of limestoncs,
some iren is also introduced into the cement clinker by usc of
1i:oot nee Iron is an important compoenent of high-alumina
ccrent wvhere it is derived from bauxitc.

ioart from these major components, minor components in
coimoreial raw materinls alsc enter, to a limited extent, intc
£-112 solutions in the majer compounds, or form modificed

c.uoundse These minor components include Mg?, 30 TicC

39 n?

?3:5' nn??3 and the alkali oxides., The pres.nce of these
1t components affects both the compound compesition and
pronertices of the cement.

liagnesia, M@0, is derivoed from limestone in the ferm of

“e loudto, CaCGB-MgCO or to o small extoent from clay or

3!
chinles It associates with all other comnonents of the clinzer
as well ns ocecuring in free state in Portland Comente. Its
oreseace in cement clinker leads to long=term unscundness of
rozult-nt coment bocausce of expansion which accompanics slow

aydrotions It hos some value as n fluxs In the cemont s~ntles

analysed its content ranges from 1.25 to 5.68%.
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“he sulphur grioxide content ranges from 0.91 to 3.350.
5ul:hur cumpounds are present in clay or shale in small
crovortion in form of pyrites, sulphatcs or more rarely, in
Ltho form of organo=sulphur compounds. Sulphur may also Do
introduced inte the cement clinker by the fucl used.

The sulphur compounds are oxidized to sulphur trioxi<o,

82.3 vhich is absorbed by ~:w 1ir. it kRighor tomreraturs down

SR 5 T :‘s'k Zze nperzes. Considoradle proporyiion of tha
g1l Tlior ic 2inally lost in the form of fuel dust.

Thae amount of sulphur triexide present in coment is of
grusidorable importance to the compound composition as woll

=hyzical anl chemical propertiecs of the cement. It reacts
=it nlweali oxides, ano and X, 0, to form a2lkali sulphatc,

“hip reoetion reduces the amounts of ano and K20 available

t. Zorm KC..5 or NCBAB so that the effect on the potentinl

23712

114

colisound composition cf the cement clinker is similar Lo

sroduced by lowering the alkali centent of the clinker. Tho

influence of SO, content of portland cement on the creen and

3

othwr Uhysical properties of concrete has been investigoted

113.

by ilexander ot al These authors found that the erce:.

of concrete is very sensitive to the S0, content of cemontg

3

Lthce creep doubles when SO3 content is reduced from 3.7 to

ot
192
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A

The ecment samples analysed gencerally have 503 contcent
loses than the limit of 3.0% specified by . STM.

Titania, Ti02, occurs in small extent in all the ecricnt
c-m:leg analysed, the concentration ranging from 0.27 te
Neb5 e It is derived from clay or shale. It is more importon®

in highe=alumina cement where it is derived from bauxite.

Phos horous pentoxide, PO

2051 is found to be present in

ok

eonen

™
- de

and is introduced into it by the raw materials usced fc

tie manufacture of cement. PQ05, when present, decomposcs C.S
s >

In favour of czs sclid scolution containing P20r and oxceos Col.

Far

"his remerked reduction in the C3S by P205 explains the

oronounced effect of P20 in depressing the rate of hardening

11h-11
arnd carly strength of cementse Further, if large

p I 7
amounts of P O_. are present, free lime is formed.

The percentage contont of P20 found in the prescent wor':

5
r-ages from 0,08 - 1,68%,

“he manganic oxide, Mn 03, is a constituent of all conent

2
clinzers preduced by burning raw mixes of blast furnace sl-og

sith limestone but is present only in very small amounts whon
clry or shale and limestcnes are usced as raw materials,

a0, imparts a brown colcur to cement but otherwise appenrs
oo

oo o subgtitute for Fe 0. and to have little effecct on the

23
oroerticg of cemente It is thought to be present in Portlond

118
coment in form of a solid solution sy 4Cn0. 41,0, aMn 0O o ‘‘he

> ik .
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v~lucs obtained for Hn203 in this work range from 0.06 = 2,500,
he last oxides determined in this work were the alizali
o:xiceose The 2alkali oxides usually discussed in cement cheaisizy

cra otogsium and scdium oxidese In this werk, lithium oxidoy
Lizc, was also determined. The ccncentration of K20 is
genror lly higher than the other alkali oxides. The concentrao-
tion of Li20 is the lecast. The total alkali concentraticn for
tlie sanules analysed is gencrally not much higher than 1%
cizcoot for one sample whose total alkali concentration is 5.00%.
The alkali concentration has to be contrelled due to the
voariocus doeleterious cffects it has en the cement clinker -nd
e conerete, They may have significant cifoet on the
2otential cempound CUnpositinniia of the clinker: they noay
conbdine with the major component of the clinker to form new
oowounds in which the percontage of the alkali oxides is low
such as l’.CzBS12 and NCEA7- The reacticn of alkali with
pul-hur tricxide has already been discussed,
iliznli have been found to cause deterieration of concrote
cuo o nlkali-aggrugatuiio.la! reaction. Premature brenkcowm
o concercte, some expansion of concrete in overground buildiag,

wridge construction and hydraulic structures arc all due to
. R . 122-124 . 179
“he aliknli-silica reaction - Finally, alkali hava

~lgo boecen found to affect tho strength of Pertland cements

cddition of alkali deercasces the compressive strength,
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The 1“859? on ignition which is due to loss of water
21¢ carbon dioxide, has v-lues ranging from 1,40 to 4e717%
ipart from three samples - Four Flag, Jaguar and Unicem
325 = the value for loss on ignitiun lies within thoe 8570
Spocification limit for the portland coments (3.7%).

Finally the insoluble rcaiduc100 which is mainly cdue
to thce eclay raw material ranges from O.45 to 3.93%. For
Pertland cements the (STM spucification for the moximun
inscluble residuce conteont is 0.75%. Thus apart frow the
Surham and Elepbant cement samples, all the othoer concnts
stulicd had insoluble residue content higher than the
grceeifiod moximum limit.

The chemicnl requiroments = maximum limits of The
various components - as reqsuired by the [STM specificotion
are shown in Lppenxi C.

The analytical data of other workers arc also includad

in .opendices.

Lwiz Clossification Of Cement Samples

Of the varipus specification or classificention schuoiiep
for cements already mention 0, the .merican Socicty for
Testing and Materials (,,STM) Spocification was chosen og

it could readily be <btained from literature.
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.0 clessify or specify cements, approximate compound ccou=-
piticon of the cement arc ca:lculated by usc cf QfUﬁtiUﬂiia!lz?
doveloned from equilibrium datas,  The nnalyticnl data and tho
c:leculstled potontial compound compesition of e=ch cement
gonclecare then compared with those for vnrious types of
coiicnt as given by thoe (8Th Specification to determine tihe
Lyoe of cementa

- -

Caleulation of Petential Compound Composition

— - S

The potentinal compound composition of pPortland coment

uas ¢nleulated from the chenmienl analysis using the following

127,126
ccustions .

/o) CSS = 4eC7 C = 7608 = 6724 ~ 1.43F =~ 2,85 353
% C.8 = 2487 8 -~ 0.754 cjs
% Cnin = 2.65¢'. -~ 1.69F
-
% Tyl = 3. O4F

e results are given in Table IV-3 below.
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POT:ENTI.. L. COMPPOUND COMPOSITION (%)
CAEID S{PLE i i
C3§ Czb Cjn CQuF P
senonts Pirin 33 37 2 15 '
s 2dten L 55 ! 13 ! 11 7 :
s ! : ;
' Poloon ' ho 26 B 7 '
; t ] : :
.:;“ % IranliFy l{“g ' nICo: lNCe . 9 1C H
! b b ! i
Jeocuax 22 NI 11 9 }
: |
Tolton 50 20 8 6 j
Comoneiiian de Cimento 29 30 10 6
Laron 29 35 7 6
Unican 375 NeC n.c 11 15
L1lbe 39 32 7 6
Durihar 54 22 2 11
Elorhant 63 11 6 10
Snontir L2 29 9 9

e e — -

1le Cu

= n.% cnlculatable using

analytical results obtained,
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Dae Cl-ssification of the Cement Samples

™e STM Sprccific tion €150 = 63 has classified Portlond

Coment intc four types:-

Tyoe I: Used in general concrete construction when no

acecial properties arce specificd,

Tyme II: Used in general concrete construction exposcd
to moderate sulphate action, or wh.re moderate hent of

aydraticn is regquiraed,
yue I11: Used when a high early strongth is requircd,
Yyoe IV: Uscé when a low heat of hydration is requircd.

The chemical composition of these cocment types are shioun
in fppendices C - E.

By cemparing the analytical results ~nd thoe calcul~t ¢
not.ntial compound eomposition ¢f the cement samplces
rnnlyscd with those specified for differont types of cement
Dy the [ 8TM Specification, .ppendices C~E, the cement tyne
voo Jetormined.  The resultant classification of the cenent

s-n_los follow below, Table Iveh,
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- e e

. AT

CEIIEIT 8.1:PLE TYPE COMMENTS
Coente Pirined 1v Choemical composition rougnly
| enrrcaponds to Portland Tyve I
apmendices C - F
Titon III ' Both chemical compesition and
é cnlculated potential compound
; cemposition roughly corresponds
to Portland Type I1X '_g

Poloon i Chemical composition is cultbc |
gimilar to that given for
Prortland type I. ippendices C~E

Foupr Flag - B3oth the analytical results ~nd
the calculated potontiazl coanowd
composition do not show any
similarity to available dotoe

coguar v The chumical compogition is
fairly similar to Portland tvie
IV. .prendices € - 3Z.

Zao'zonm - Chemical and ealculatoed potuntio
compound compositions de not show
any similarity to the aveilaoble
datna,

- !

- dp—
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SASLE IV=4 CONTD -t e e
CIIENT SiMFPLE | Type COMMENTS

Componbia do Cimento - Ccannet be clogsifled uoing $le
H8TM datae

Unicom 325 i Pozzo~ Chomicnl and cealeulated enmzouwad

! lana E
’ composition do not coerreospond o
E
ABTM cemuent type but indicato that
E it is a Fomzolanic coment foyendisn D.

1152 | v : Chuemicnl compogition fairly simil-r
to Portland tyue IV. .ppondicos C,8

Durhom I Chenienl and cnlculated potenilrl
compound comirositions corrossond
fairly well with Portland %yhe I
appendix

El anhant 1 Chomical eomposition £-irly i
similar to Prrtland tyra I. |
appaendice € -~ E.

Smentir 1% Both chemical and ezlculatod ;
poet.ntial compound composition _-'
fall within thc range of Portlond

, type II appendices D, Ee
b
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Some cf the cement samples could not be elassified by Lo
L8721 Syrecification,s, It is chsorved that the lime contoert ol zuel.
conents wns less than the minimum amount of lime specificd for
Portland cementz, i.c. 60%, though the 1abels on the b-gs
clopoificd thenm as Pertland cements. Further, the inscluble
rozidue content of such cements samples w:s found to be much
hic or than the maximum limit specificd by the (STM Speeilicr-
tions Sinece the lime content is critienl for the good nuality
of any cement,y thosc cemont s:mples whose line content (-nd eother
chomienl compconents) do not meet the required specifieations
siould ncrmally he rejecteds, However, according to the ,S571.
s;ncificationizq Heement shall noct be rejocted for failure t:
cecnsorm to a chemicnl reguirement unless all determinetions of
tiie constitucnts involved and separations prior to “oternin-tions
ol ony once constitucnt are mage entirely by the prescribed roifree
nothordgH,  Llmest nll of these metheds are classical graovivoet de
or titrinetric methols, most ¢f which arce tedious. Though
the cuthor limited the use of the classical methods to the
Coternin-tions of luss on ignition, SiC

w10 Ca0 wnd [gC,y tiw

ot 3!
rostlis cobt-ined by using the methods desceibed in Chapter IIX,
alrowed goed reproducibility and the variations for duplic-te
e lyoes were all within the limitg specified by t is [ ST1C

128
goocelficaticon y ppendix Ge Moreover, spectrophtometric noti:als

erc generally more accurate than the classical methods., Henco tho



eaglytienl ;roccdures adapte! in this work should boe as good ooy
iZ not Dolter thang the classical motiods. Thoercfore, other
thdnes Doeing cqual, these coment samples fniling to satisfy tho
choiierl recuirements should be rejected,

Since these cements are used in building and engincering
conzitruction works in pMigeria, the foor nuality o’ some of thise

ptructures could be attribut.d to the chemienl shortcomings of

heco cemonts -« particularly lack of sufficient lime contont.

Coa-rision Of Vigerian Cements And Importod Cementao

— . e a b —

ey

~ie Nigerian made cemont studied was the £leph nt Fertlond
oomoate Thoe Zurham cement is only packed in Nigeriaj; it is
oroduced by the Burham Cement Company of London,

2hese cements shew satisfactory chemic~l requirements for
good cuality Portland cemunt as specifiod by the (\STM Specificow-
tion, The nroescent trend in the compositicon of Portland cementiso
sulz ephosis on the steady rise in the lime contient while a 2211
ia 2 siliecn content, This vicew is sunport.d by the recent

129, 130
wor.zs af tennett and Reod y Smith and Halliwell y 2nd Giles

|
rad Zoiaoach A whose results are siown in ,ppendix He The jligari-n
Saaient hing fairly high lime content and lew contoents of thoso
idner e oncents which usually have deleterious effects as nlrocy

cizeunseds The Elephant Cemcent belengs to the Portland ccoient

tyro I ¢f the ,STH specification which is suitble for usc in
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geanoral copncrete construction, It compares well with othoer
innorted cements of tha same type as is seen from its chewmical

courocition (Tanle Iv-2),

Cormparisicn ¢f Choemical Composition ¢f Scils ,nd Cenenta

Comparision of the analytical dat, on both soils and eancnt
coam»les (Tables IV-1, IV=2)} raeveals some stricking differoncos
i1 the chemical composition of these Building Materials, Tho
Boil samples have proactically noe lime wheroas the ecoment sonunles
Aarve high lime contunt. The MgO contoent of acils is faivly
conatant (Cel = 0,3%) whereas that of thoe coment samples varicp

£r0m 2402 to 5.59%. On the other hand the silica, SiOz,

A

clusinag, Al and titania, TiO contents in the soils aro

203! !
gonerally much higher than those in the <eerant gamples. Tho
rmodnte of “thor compaonents arc gener~lly similar for both
tyoan of Duilding Materials,

Since lime is roesponsible for most of the cementing
mrosertias, its absence in the mud-brick uscd for construecting
the mudyhuts is responsible for the inability of these nud-=huls
to withstond such adverse conditions such As changees in

tomnerature, hunvy rains, chemical action, winds, streas,

strain, ete. as againat structures built with cewmoent.
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Lt Conclusions
From the chemical analysis of scils, clays, limestoncs,
marble and cements, the fellowing conclusions can be madc.
(i) The clays, limestones and marbles preésent in
Nigeria could, by proper proportioning, be uscd
for cement manufacture.

(ii) Some of the cements imported into the cocuntry have
lime content less than 60%, the minimum requirement
for Portland cement which is used for general
construction works. The poor chemical guality of
thesc cements may be responsible for the rapid
deterioration of some building and engineering worlis
constructed using these cements.

(iii) The few Nigerian made cements analysed have quality
of good Portiond cement Type I which is uscd for
general concrete construction,

(iv) The lack of cementing qualities in mud-bricks and the
consaquent inability of the mud-huts to withstand
adverse conditions such as rain, stress, strain, cte
is duc to the lack of lime in the scil. This suggestso
that mud-bricks, when used, should be supplemented

with additional lime,
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LS Recormendations For Further Werk

Some aspects of analytical studics of these Building
Haterials deserve further work:
1« Some elements such as the halogens, chromium, cobalt, copper,
lead, vanadium, zinc, and zirconium have not been detorminccde.
: - 132 . i
Recent investigations - indicate th 't some of thesc clenents,
though only present in trace quantities in cement, wmay hove
iuport-nt effects out of propertion to their concentration,

115133 is able to increase the strength gain

Thus fluorine
of cement remarkably while its maximum concentration is only

nbout 1% It would therefore be worthwhile determining the

concentrations of these trace elements in cements.

e Only a few samplcs of cements made in Nigeria have been
studieds It would be worthwhile making 2 comprechensivo
analytical study of all the cement s mples with the vicw
of evolving a Naticnal Scheme for Specificaticn of Cencnts
mede in Nigeriae. Such work would include the study of the
physical _(r engineering properties such 2s fineness,
soundness, sctting time, compressive strength, etc,

Ja i broader survey of the country's clay and limestene deposiis
would provide raw materials for local cement factories.
Furthermore, from the analysis of some clays, it is clcar

that some have very high silica content. Jdditional study
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in this ficld would be invaluable in determining the potentiality

of class industries in the country,

Finally enalytical study on these Building Materials using both
the classical methods and the rapid instrumental methods =
atomic absorption, spectrophotometry and flame photometry -
would offer a comparision between the results obtnined using

these two methods.
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APPENDICES

e ghemienal eompositicns of soils, clays, limestones, marblo
=il e2tants 2btoined on the analysis of these samples have been
in cian-ter IVe In this scecticn the results cobtaincd by
ot wrrrersom t fow similar serples as well as the chemicnl
re uiraiwcnts of cements as specificd by the .merican Scciety for
Pemting snd Materials (ASTM) are presented in the appropri.te

annonciced,
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Comnosition Obtained on .Analysis of Typical Clays (% by weight)

Red=Brown Grey Clay* China Clay*+’ Brick=}ialzing

xice Clay* Clayx+*+*
sit, 43472 45.64 46.29 63.2
;'.12‘.‘3 23.82 ‘ 25.77 38.38 18.2
;?003 l 84 10 ' L4 60 0,30 be1
1:g0 ! L,06 : 349 0,59 048
Ca0 0465 0.62 Ge61 Oe?

'
Ilar‘O 0.27 0.21 0.15 lel
::;:’ 3e72 b,36 0.51 3e3
LOI 7«22 7.63 13.59 6e4
140, 1.47 1.72 0.02 Oe?7
Pf‘.os - - - -
MnOz G 4] - -
L;lz() - - - -
Sources:
. titehell et ..'1_108
. Wora11 17?7
107

T srisgchow
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(% by weight)

qucimen jalyegia of Limoestones

=ice I II
310,{, 9,65 0.59
J‘.IZO3 1.65 0.38

'
Faao3 : 1o bl Oa 12
¥
1190 Q.98 0,20
Cal L7.44 54.75
a0 Oe12 0.03
1:20 n.d. Nede
LOSS 317.87 Li.45

'J.‘iOz 0.18 0.01
PZOS nada. Nedae
I:“Oﬁ n.d. Nia d.
I-l‘io n.d. n.d-

-

haGe = not determincd
Sowrce: Bennett, % Reed

110
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APPEIIDIX C

pPrincipal Clhiemical Requirements for Portland Cement, ASTM € 150-6,

Type I Type I Type III Type IV Type 7

Silicon dioxide, %, min 21.0
aluminiuwm oxide, %, max 6.0 : '.a
Ferric oxzide, %, max 6.0 6.5  a
Magnesium oide, %, max 5.0 5.0 5.0 5.0 Lot
Sulfur trioxzide, %, max '
when CBA iz 8% or less 2.5 2.5 3.0 2.3 243
when ¢ A i3 more than
8% 2 3.0 e
Loss on ignition, %, max 3.0 3.0 3.0 2.5 3.C
Insoluble residue, %,max 0.75 0.75 0.75 C.75 075
€4Sy 5y mast 35
025, %y min 40
Cyiy gy MOt 8 15b 7 Y 5

as Tha 63& ghall not exceed 5%, and the CQAF plus twicc amount of

CBL shall not eiceed 20%.

be When moderate sulfate resistance is required for type III cemen®,

Cgﬂ pay be limited te 8%,

When high sulfate resistance is required, the CBA may be limited to 5¢0.
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Typical Coposition of Various Cements

CEMEIT “IPE SiO2 ,;1203 Fe203 €a0 | MgO 503 LOSS| InsO
Portland Tyne I 2143 6.3 2e7] 63:212,9] 1.8] 1.3 0.2
Portlend Tyue IX 22,3 ha? 4od| 6341{ 2.5 17| 0.8 Oe1l
Portlznd %yoe III 2044 549 Je1| 64,3] 2.0 | 2.3 1.2 0a2
Portlond Tyne IV 24,3 | 43 he1) 6243} 1.8 | 1.9} 0.9 | 0.2
Portland White : 2545 E 59 0.6% Gﬁ.Oil-l 0.1‘ Neds Nade
Natural E 27.8 E 55 4.3% 35.653L2 :O.S! b1 Nele
aluninous : 5¢3 | 39.8 1“.6} 33¢5] 1.3 | Cet] - o8
Pozzolone 26,0 6.9 3.6] 52.3]4.2 | 1.8] 4.8 9.k
Trass 3C/50 22.3 8.3 2.5 46.8| 1.9 | 1.8 3.4 95
Trass 50/5¢ 2541 8.9 3.3 ] 35¢3| 1.2 | 101 5.8 | 15.9
Gaize 26.5 L 3.0 | 43.0|1.0 | 1.0 2.0 | 16.5
Eisenportland 23.5 8.5 17 | 5721533 | 2.0 Beda'l Neds
Hochofen 31.3 R203 13651 47+4212.2 [ 0a7 | nede | nace
Metallurgi de fer 26,0 8.0 3.0 ]| 58:0[2,5 | 1.0 ] 1.5 Nede
Metallurgic de 29,0 1545 1.5 | 48.0]2.5 | 2.0 0.5 Nede
Laitior
Ferarrari 22.9 3.5 5¢5] 63.8[1.3 |21 = Nede

I'l.d. =

134

Sourcag Doguc

llot determined
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Composition of Some American —u....n.w..pvn...ﬂ._.m Cements (% by weight)
caen wepm | 9302 [A25%) Fe0,] Ge0 | MeO | 204 [Na 0 [EO [ TI0; |45 |CaB | GF G
1 20.7 5¢6 2.4 535 | 347 1¢6 | Ce21 { 0.51 | 0.23 50 22 12 7
22.1 mwa.w 3.0 OUJH Za5 1¢7 0.06 130 | 0.21 42 32 8 9
22.2 | 447 2.1 6548 | 1e1 1¢6 | 0.04 | 0.19 | 0.31 50 26 15 7
21e1 | 647 2.5 6248 | 167 | 18 ]0.95] 0.51]0.39 | 33 36 14 8
11 20.8 | Le8 L.8 €lelr] Ce 148 | 0,06 | 1.30 | 0.21 | &4k 29 5 15
24.0 | 4.0 2.1 6LeO | 249 1¢7 | 0.23 | 0551 0.23 | A1 38 7 6
I1I 20,0 | 5.2 2.5 655 1e4 | 243 | 0.21] Ouk4b4 | 0.27 | 60 13 10 8
20.3 5e1 2,0 0340 Le3 25| 0.19] 0.28 ] 0.21 2 19 10 6
v 22.9 | k.6 5.0 59.51 3.2 1,3 ] C.06] 1219 0,23 | 2C 51 5 | 15
25.2 | 3.7 3.1 635 1e1 ] 19| 0.33} 0.01] 0,19 | 29 52 5 9
Vv 24,4 _ 3.1 3.3 | Glhe3| 1e7 1.4 | 0.08} 0.22] 0.19 41 39 LA 10
26.1 | 149 1.3 _ 6Ler] 2.5 1 2.0] 0.10} 0.15! 0,12 | 36 48 3 A
Source: Lea, & wwmmu.uum
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iverage Fotenti~2l Compound Composition

of

Type Cements(% by weigl:"l:._a‘:_

iLS8TIH Type cjs C,S Cqd €y, i
Tyoe I 4s 27 11 8
Ty e 11 Ll 31 5 13
Tyoe IIX 53 19 11 9
Type 1V i 28 49 s 12
Tyne V i 38 43 4 ?

—

Souwrcc} Bogue
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APPEINDIX G

licximum Formissible Vvariations in

Results of Cemont analysis:

AST!1 (C114-58)

- BETWEEN TWO BETWEEN THE
Silicon diexide, 8102 0. 16 Oe24
Sluninium Oxide, 51203 E 0.20 : Oe30
Jorric Oxide, F0203 i 0. 10 i Ce 15
C-leium Oxide, CcaO ' e 20 E 0430
iingnesium Oxide, MgC 0. 16 Co2h
Sulphur Trioxide, 503 O« 10 0«15
Loss on ignition 0. 10 0e 15
Sodium Oxide, Nazo 0e03 0.05
Potassium Oxide, K20 0.03 0.05
Woter=Scoluble Alkali 0,05 0.08
Phosphorous pentoxide, FZOS 0.03 0.C5
licgnie Oxide, Mh203 0.03 0.05
Insoluble residue 0. 10 0.15




APPEIDIX H

Recent Jnolysis of Some Cement Samples (% by weight)
I opC OFC oFPC ENG Tvl Tvlz
OXIDE - M798## M2JE*w M2LOn e L saal wE
sic, 20,46] 20,96 15.32 23,40 20,8 24,0 2he1
21,0, f:-.79‘ 5. 80 6417 3.59 | 6.2 heo 3.7
e ' ’
’ ]
70,0y 3.>5i 2,40 3.54 1.6 | 2.3 b 2.4 1 2.4
2 ' _
Ca0 : Gle86] 64404 62,78 65.80 | 672 66,4 | 67.0
!
]
}igo 1«51 1.24 2.36 0.77 C.9 2.2 1«7
533 2"!*7 :-’--52 2.91 2'32 1-3 n.d Nned
LOI 1.33) 1.71 1.48 1.67 n.d n.d ned
Ha, 0 Oe 56 0.25 0.10 0.09 0.2 n.d ned
Nedl 0.C1 0.71 0.62 C.7 ned ned
L _:” D.OS ned n.ad Nne.d na«d ned ned
Tif)ﬁ 0.39 O.ftz 0035 0030 ﬂ-d n.d n.d
P_O_ Ned Ce 20 0.07 Nt n.d n.d ned
25
Imncj :.OO Ue O? O. 11 0‘ 08 n.d n.d n.d
ESc
c35 48,8 bse1 49,2
€,5 2345 21.6 30,2
C, A 113 10,4 7.0
-
C, LF 73 10.8 hel
LOI = Leoss on ignition, n.d = not determined
PCC = Potential Compound Composition
Sources: *Bennettl?®  esgmith, Hedey and Helliwell 130
s*sGjilles, I.S., and Peisach
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