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ABSTRACT

The anal ytical study of iron ore sanple of the Agbaja
plateau in Kwara state and phosphate rock sanples from
Togo, Senegal, N ger Republic and an indi genous rock from
Sokoto state was carried out with a viewto evaluating the
grade of the iron ore sanple for the manufacture of steel,
and the suitability of the phosphate rock sanples for the
manuf act ure of phosphatic fertilizers, with particul ar
reference to the wet process phosphoric acid production.
The analysis of the iron ore sanple included the estination
of SiQ, Fe,0;, AL,03, P, and S. The estimation was carried
out in two parts: a systematic gravinetric and photonetric
determnation involving the use of ion-exchange separations,
and i ndividual determnations of other elenents by specific
nmet hods on separate portions of the sanple.
In the systematic portion of the analysis, Si0,, Fe,0; and
A O were estimated in one and the sane portion of the
sanple. The sanple solution was prepared by fusion wth NayO.
The nmelt was taken up rith HClL and the silica determ ned by
t he doubl e dehydrati on nethod. The filtrate fromthe separation

and determnation of silica was subjected to ani on exchange



separation. Two fractions wore /collected for iron and
alumnium the total iron in the sanple was determ ned
gravinetrically by precipitation with ammonia and al um na
was estimated colorinetrically by nmeasuring the col our of
the oxinate in chloroform

In the non-systematic portion of the analysis, P:Q and S
were estinated on separate portions of the sanple. For the
estimation of P,Q, the iron ore sanple was deconposed by
digestion with HNO; and HF, and then fusing the insoluble
residue with Na,CO;,. The P, was then determ ned col ori net -
rically by the nol ybdovanadophosphoric acid nethod. In the
determnation of sul phur, the sanple solution was prepared
by fusion of the sanple with a mxture of Na,CO;, and Na,O,
and the sul phur precipitated and wei ghed as BaSQO,.

The results obtained reveal that the ore is rich iniron
(72% Fe,O; , with tolerable anmounts of silica (6.32%Si O,)
P, (2.77% and S (0.13% for steel manufacture. It is
however found to be high in alumna (7.60%Al ,03) .

The anal ysis of the phosphate rock sanpl es involved the
determnation of noisture, total P,GQ, SO Fe,5 A G,
F and CaQ

Mii sture and P,Q were estimated in one and the same portion
of the sanple. The noisture was estimated by | oss on ignition

at 110°C, after which the dried sanpl e was deconposed by



digestion wth nitric acid. The P,O was estinated gravi net -
rically wth quinociac reagent and colorinetrically by the
nol ybdovanadophosphori ¢ acid net hod.

In another portion of the dried sanple, Si 0, Fe,O; and A ,G;,
were determned. Silica was determned gravinetrically by
enpl oying the Hoffran and Lundell roLification of the
Berzelius nethod. The residue after the estimation of silica
was fused with a mxture of Na,0O%;, and Na,O, and the resulting
solution added to the conbined filtrates fromthe silica
determnation. The resulting sol ution was then passsed t hrough
an ani on exchange colum in the d° form. Two fractions
were collected for iron and alumnium Iron was estinated
colorinetrically by the 1, 10-phenanthroline nethod, and
alumna estimated colorinetrically by the 8-hydroxyquinoline
nmet hod. The fluoride content was determned on a separate
portion of the sanple. The dried sanpl e powder was steam
distilled wwth perchloric acid and the F determ ned by
titration wth a standard solution of thiriumnitrate. Line
(CaO was estimated on a separate portion of the sanple. The
sanpl e solutions were prepared by fusion with a mxture of
Na,CO; and Na,O, and the nelts taken up in de-ionized water.
The CaO was then estinmated by flane photonetry.

The results obtained for the various phosphate rock sanpl es

studi ed are sumari zed bel ow
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I ndigenous (FSA 1) rock from Sokoto state:

The results obtained reveals that this rock is high in
P,0s (36.25%), low in SO, (3.44%), low in Fe,O3 (1.30%),
low in A1,0; (1.50%), low in I" (3.85%), low in moisture (0.76%)
and high in CO (52.30%).

The rock is of the calcium type and is a high ferade rock for
the manufacture of phosphatic fertilizers.
Togo rock;

The Togo rock is also of the calciumtype and hi gh grade
for the manufacture of phosphatic fertilizers. The rock is
rich in P,GO (36.60% and CaO(52.20% . It is lowin noisture
(0.84-%, A1,0 (2.10%, Fe,03 (1.20% and F (4.61%.

Senegal (Thiers) rock:

The P, content of the rock is high (34% . The I|i ne,
noi sture, alumna and iron content are within the specified
limts of a high grade rock, being, 46.10% 0.68% 2.39% and
1.20%respectively. The rock is however high in silicious
matter (8.19%Si 0;) and highin F (6.449%.
N ger Republic rock:

This rock is a difficult phosphate rock and of |ow grade.
It islowin P,y (2?7.409%, highinF" (6.23%, highin
Al,035 (3.00%, high in Fey03 (3.70%. The lime content is
47.70% and the noisture content is 0.75% This rock is not

suitable for the manufacture of phosphatic fertilizers unless
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it is blended with an appropriate hi gh grade phosphate
rock in the proportion that would bring the constituents

within the required specified limts.
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CHAPTER 1

INTRODUETION.

T « 1 Iron:

iron {Fe) hos had a profound effect upon the development
pf the human race. It has become such a distinctive feature of
civilisation that it gives its nzme to one of the ages in
orcheological chronology. As o major constituent or in trace
amounts, it is found in almost every motericl in the earth
erust, of which it constitutes 5.7%. It ronks fourth in
nbundonce after oxygen, silicon and aluminium. The red and
yellow colour of soiis 1s due principnlly to iron compounds.
The most nbundant forms of the element in nature are the divo-
lent aond trivalent states, combined as ferroue ond ferric
gompounds. It clso oeccurs (rarely) im the uncombined, metallic
stote in meteorites.
Jesides the eorth's crust, there is a possibility that the
centre of the earth wmay be iron. Indirect evidence bosed on the
study of earthguake waves and tidol agtion indicate that the
core of the sarth is liquid and hos o density corresponding to
thot of liguid iron ot high pressure.
The element is an essentizl comporent of the human body. Tt

occurs in blpod, in the form of haemoglobin ond in storage



compounds, ferritin ond heamosiderin.

Commercinlly, iron has an industrinl importance which at
present exceeds that of any other element. Although it finds
other npplications, (fs in combating iron deficiency anemia)
by far the most important use of iron is in the manufacture
of steel.

1 - 1.2 Iron ore:

The list of iron-centaining minerals is extremely
lnng1 but only 2 few are of industrial importance aos a scurce
of the metnl or its compounds. These are:

magnetite, FEBDQ; heamatite, FHZGB; limonite, Fezﬁj.nHZD;
siderite, FecOy and pyrite, Fes,e.
The ore may be defined os #o heneficinted mineral nggregate,
(natural mineral nggregate) that cccurs in sufficient quantity
to be o sustnined supply of raw material to industry, and from
which iron can be satisfactorily recovered under existing

economic conditions or which may be usable in anticipoted

economic circumstnncea.“z

Cammerciclly important iron ore ore found =211 over the world.
Ore deposits are usuclly cssoniated with plutonic, basic igneous
and gronite rocks. Deposits nssocinted with plutonic rocks
consist of layered, disseminated, interstitinl and injected
magnetite with minor heomatite and ilmenite. Iron, mognesium
and manganese are generslly most abundant in ultromofic rocks

nnd decresse in cbundance as rocks become more silicic.
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In nigeria, two known iron cre deposits having gquality and
situation which makes them paossible sources of iron ore, are,
the Enugu Ironstone, situated 7 miles west of Enugu in
Anambra State with en estimated reserve of 16 million tnnas,
and the over 260 million tons deposit of the Agbaja Plaoteau
in Kwara Stmte.h's Another ore deposit is known to exist to
the scuth of 8irnin Kebbi in Sokoto State.ﬁ

The iron ore sample studied come from the Agbaoja Plateau
deposits in Kwnra Gtate. The Agbaje Platesu is a teble-land
stretching from Janata southwards along the west bank of the
Niger river to within 4 miles of Lokojo. It covers on area of
abhout 40 sguare miles and is a typical example of the
steep-sided, flat-topped, laterite-capped hills which border
the Niger river from farc down-stream to Ajookuta.

The ironstone crust capping the Platenu consist of an
irregular mantle of cellular and concretionary laterite
which averlies a bed of oolitic ond pisolitic ironstone of
variable thickneaa.7

1 = 1.3 Characteristic features of commercially prefered

iron ores for the manufoncture of steel:

The history of the iron and steel industry which forms
the backborn of modern technrlogy probnbly dntes back to about
1300 g.C., although iron objects dating from the third
millinium 3.C. have been found.a The prototype cf the modern

blast furnace was develpped in the fourteenth centuary A.D.



-h-

The row materials for the production of steel are, iron ore,
1imestone and coke. The overall reaction agiving rise to the
crude product of the blast furnace, ealled pig iron, which
contains abnut 4% garhon, 2% silicon, a trace of sulphur and
other impurities is:

Fezn3(3) + BED(Q) e ZFe(l) + 3802(9)
The limestone decomposes to give lime (Ca0) which reects with
gilica to give a love-like slag.
The pig iron is subjected to refining operations which gre
technical and of great variety. Sasically however, the
refining operations ore designed to produce steel, which is
an alloy of ircn with smoll and carefully controlled amounts
of carbon plus many other elements depending on the required
specifications. In the refining operaticns, limestone is
added to provide Cap for converting oxidotion products
such as Pz”s into slog.
The fundamental reguirement for o commercially useful iron
mineral is the iron content. For an iron ore to be congidered
as o raw material for the iron and stoel industry, 1t should
have on iron content of about 37.2% F9203 (or 26 Fe) and
above. & high grede iron are should have, among pther things
an iron content of betuween 85.8 to §7.20 Feyl, (ny G0 - BE&%
Fe). Once the ore meets the reguirement ns regards the iron
content, then other features brcome impertant in determining

the economic feasibility of utilising it 23 o rouw material for
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moking steel. The whcle thing is 2 qu.ostion of cost; wheather
thg cost of copital investment, cther raw materials and labour
Justifies the use of the ore in the manufacturing process.
Thug, the e2ffectas of other minor constituents in the ore,
namely, phosphorus, sulphur, manganese, silicsa and alumina

in the manufacturing process hecome importsnt.

8illeco gives an acid reaction in the blast furnace and is
removed by fluxing with lime or magnesin. A high silice
content therefore requires more coke and limestone which
roiscs the production cost.

Alumina is also a slag forming constituent, =nd like silica,

a high snlumina content raises production cost.

In the coase of phosphorus, only limited smounts ore acceptable
in cres for smelting and steel manufocture. It is reduced

when the ore is smelted, and practicnlly all remains with

the pig iron and must be removed when pig iron is converted
into steel, Much phosphorus in steel causes brittleness,
BeteCa

Sulphur is an undesirable impurity. It couses objectiocnable
properties in steel similar to thot of phosphorus. Since

i% is hard toc remove in refining operctions, on are containing
more than 0.1 sulphur is usually noi acceptable for use in
bhlast furnace.

Tiltonium gives an acid reaction in the furpoce, and when fluxed

it tends to make the slag highly visccus and difficult to



control. It may also form ageretinr~ in  the furnace that are
not melted st ordinery pperating temperatures. 1t is therefore
an undesirable constituent, ond an ore having a titanium
content of more than 0.1% is ussunlly unacceptable.

The desired specifications of o high grade iron ore is

given in Appendix 3T (page 133).



1 - 2 Phosphorus:

Fhosphorus is widely distributed over the sarth in both
igneous and sedimentary rocks. It ranks ifwelveth in abundonce,
congtituting epproximstely 0.13% of the lithosphere. The most
abuﬁdant forms of the element in nature are the salts of
arthophosphoric acid,

It is o unlversal constituent of protoplasm, and is required
for growth, health and reproduction in 2ll forms of animals
and plants. It occurs as orthophosphates, various
nolyphosphates and esters, phosphoproteins and complex
nucleoproteinsg. In animals, the elemont ls found in highest
concentration in bone and teeth, znd ot lower levels it is
vital to many other biological processes.

Commercinlly, white phosphorus is employed in chemical

warfore gs an antiperssonel, and n smoke generatcr, ond as

an igniter for gelled-gasoline incendiary bumbs.g Red phosphorus
is used for wood and paper safety matches, being an ingredient
of the abrasive surface on which match is scratched. GQut by
far, the mpst important commercial epplication of phosphorus
is in the manufacture of phosnhate fertiliser,

1 - 2.2 Phosphate rock:

Commercially, phosphorus is obtained from minerals
collectively known a2s apetites of general formulas,
DaSX(PUh)B’ where X may bz fluorine, corbonate or hydroxyl. The

fluorapatites are the most insnlublu, and hence the phasnhate
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ore hos o composition close to it. This ore is knoun as
'Phosphate rock',

Extensive deposits of the rock occur all over the world,

These include apatite deposits of igneous origin, marine
phospharites, residucl phospharites, river-pebble detossils,
phosphatized rock and guana.1D These deposits are thought to
originate from the pellet phosphorites, the characteristic ore
of sedimentary type which is deposited under favcurable marine
cunditiuns.11

In Nigeria, @ pheosphate rock deposit has been found in Sokoto
State. Another deposit is known to exist in Oyo State, verying

from the aluminium type rock phosphate in Kajola and Pepa

Alanto to the celcium type rock deposit near Abeokuta.12
1 - 2.3 Specification and use aof phosphote rock in the
manufacture of phosphatic fertilizers:

The use of bones and guana for plant nuitrition hes
been known for o very long *ime, but the history of the
fertilizer industry dates bzck to about 10#2.13 The chief ore
of the rock, calecium fluorapatite is inscoluble and the
phosphorus is therefore not nvailable to plant life. The ore
has tu be treanted with ncid or hented tn elovated temperctures
for them to release their phosphorus.

The nrincipanl phosphate fertilizer products in commerecial use
in the werld today, in the approximate order of their P,GS

2
volume, are:
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1. Phosphoric scid and its derivatives:
a. ammonium phosphates
he triple superpheosphates
2. Single superphnaphsﬁes (55P).
3. Nitrophosphates.
4. Nasic slag.
5. Ground phnsphate rock for direct application.
7. raw aApatitic rock
be colcined aluminium phosphate ore
6. Sintered nlkeli-rock phosphate materials (moinly
Rhenania phosphate).
7. Fused caleium mognesium phosphate.
f'e Defluorinated phosphate rock.
9., Dicnlcium phosphate.
Phosphnric ocid and its derivatives cccupy a preeminent place
in fertilizer technology and discussion would be limited to
the wet phosphoric aecid process. As is well known, this
process implies a reaction of rock phosphate with sulphuric
aecid, the resulting calcium sulphate beinn separated by
filtration. Depending on the reaction temperature and the
phosphoric acid concentrztion, the calcium sulphate is
precipitated as dihydrote, hemihydrate or onhy-irite.
In the wet process production of single superphosphote (8SP),
the process consist basically of causing sulp'ine cseid to

renct with the phosphate rock, and thzn curing the product to
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obtain a porous material which is the superphosphate.
Hence, normal superphosphate (SSP), is essentially
monocalcium phosphate monohydrate, Ca(H2P04)2 o H20 and
calcium sulphate hemihydrate, CaSO, . E H,0, with some
impurities originally contained in the rock. The 9205
content of the superphosphate fertilizcer varies between
16 - 24%, depending on the grade of the rock, degree of
dryness of product and the ratio of rock to acid employed
in the manufacturing process.

The first fundamental requirement for a phosphate rock to
be of any value as raw material for the production of
phosphatic fertilizers (SSP in particular) is that it
must have a high P205 content for fixing water soluble
ons. A lower P205 content means that more tonnage of the
rock has to be handled.

A high grade phosphate rock is one that has, among other
things, a 9205 content equal or grecater than 32%. Once
the P205 content of a rock is considcrad sufficient to
justify its use as a raw material for the manufacture of
phosph@tic fertilizers, then othzr features of the rock
become important. These are the effects cf other
constituents of the rock on the manufacturing process.
Rocks high in silicious matter have been classified among

the common type of difficult ores.14 High siliCious matter
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in rocks leads to problems in grinding and aloso slow
down the acid reaction. However, if the silica is present
in an unreactive form, it will not normally cause any
special problem in the phosphoric acid production process
if the plant is designed with sufficient filtration and
washing capacity to remove the silica with the calcium
sulphate filter cake.15 Nitrophosphate processes can
however accept high silica ores by providing a simple
silica removal step following the nitric acid digestion
step.

Rocks high in iron and aluminium are normally regarded

as unusable in wet-process phosphoric acid manufacture.
When the R203 (Fe203 B A1203) content exceeds a certain
proportion, which is usually placed at 3 - 5%. A low

R203 content is required to avoid reversion. Such difficult

ores, high in R cannot satisfactorily be beneficiated.

2%
The problem also results from the mineralogical forms

in which the iron and aluminium are present, for example,
as phosphates, silicates, oxides or other minerals.
Hence, ores high in aluminium/iron phosphates and those
high in non-phosphatic iron/aluminium minerals are also
classified as difficult ores.

Another requirement of a good grade phosphate rock is that

it should have a low fluoride content. Normally, the
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maximum fluoride content that can be tolerated is put

at about 4%. Serious corrosion of the plant material
results from the treatment of a high fluoride ore due

to release of free hydrofluoric or fluorosilicic acid.
The carbonate content of a phosphate rock is an important
feature in wet process phosphoric acid manufacture., High
carbonate aids reactivity and give rise to high evolution
of carbon dioxide, giving rise to a porous product which
is easier to bag, while low carbonate and low reactivity
leads to stichness of product (SSP).

On the other hand, ores containing a high percentage

of carbonates, particularly calcite and/or dolomite may
be uneconomical to process because of the high
consumption of sulphuric acid.

The optimum carbonate in a high grade ore has been put
at a maximum of 3%.

Organic matter in phophate rock can cause difficulty in
wet - process phosphoric acid production by giving rise
to foaming and by forming a sludge which interferes with
filtration. A good grade ore should have a low content

of organic matter.

Low meisture is also preferable in phosphate rocks due

to consequent grinding problems.

The desired specification for a high grade phosphate rock

is given in Appendix IV (page 135).
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1 - 3 The Scope of The Project:

The present work has been carried out with the

following objectives in view:

i)

ii)

To characterize the iron ore sample from the
aAqhnia Plateau in Kwara State of Nigeria.
Specifically, an analysis was carried out to
determine the total iron, silica, alumina,
phosphorus and sulphur content of the ore.

To characterize the phosphate rock sample

from Sokoto State of Nigeria (designated FSA 1
sample) in particular and other phosphate rock
samples obtained from Togo, Senegal (Thiers)
and Niger Republic.

Specifically, an analysis was carried out to
determine the following constituents in the
phosphate rock samples, thus:

moisture, silica, ons, Fe O

o0 alumina,

fluoride and lime (CaO).
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CHAPTER II

ANALYSIS OF IRCN ORE.

The iron ore sample studied wns obtnined from the Agbaja
Plateou deposit in Kwora Statz.
As is genernlly the case in mineral onalysis, the analyst is
not often involved in sampling and preparation of sample other
than in the griding and subsequent sieving operations.
The onalysis performed included gravimetry (determination of
silicn, total iron nnd totel sulphur) and sphectrophotometry
(determination of 31203 and PZGS).
2 - 1 Sampling:

Sampling and sample preparation procedures have been

extensively treated, 1?23

1t is generally agreed that an
analysis is no better than the sample it represents. A sample
taken for analysis must accurntely represent the whole quantity
of moterinl under consideration.
Generally, sampling may be divided into three parts, thus;

o« obtaining the grose sample,

be. tnking the laboratory sample,

c. preparing the laboratory sample for onalysis.
The laboratory semple as obtained from the minerologist must
be homogenous and truely representative of the gross sample.
In the present work, the laboratory sample was obteined in the
form of small lumps .
2 - 2 Sample preparation:

Sample preparation includes such operations as crushing,
splitting, grinding, mixing and drying, and is an important step
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in analytical work. There are various ways of preparing a
laboratory sample for analysis and it is necessary to choose
the hest procedure for the task at hand.

Conterminntion of @ sample during preparetion is an ever-present
danger and it is almost imnossible to preparc a sample of a
complex materinl, like rock, mineral or soil samples without
changing its composition in some respects, either through
foreign moterial, loss of material or the oxidation of the
constituents. Hence during preparation, care must be taken to 2void
contaminating the sample, or where this is not possible, to

opt for a procedure that will favour a type of contermination
that is least harmful.

In the present work, the laboratory sample was air-dried and
crushed using 2 porcelain mortar and pestle to smaller particle
sizes suitable for grinding end then sampled by coning and
guartering. For ease of attack and complete dissolution, the
sample was grinded into a fine powder using a porcelain mortar
are pestle. The final sample for analysis was obtained by
sieving the finely ground semple through a Twente wire sicve

of 120 mesh size.

The finely ground sample was then throughly mixed by rnlling‘
the powder (- 120 mesh size) from one side to the other on a
sheet of glazed paper so that the sample tumbled over itself.
The powder was then placed in 8 labelled sample hottle with a
cap and stored until required for use.

2 - 3 Ssample decomposition:

The methods for opening up iron-containing minerals
are numerous, and the choice of any decomposition procedure
depends on the nature of the material and the purpose of the
analysis. A few iron bearing minerals are socluble in water.
Many of the oxidized minerals yield to attack by hydrnchfnric
or nitric acid or agua regia, often when ground extremely fine
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and subjected to prolonged attock. Many minerals that do not

yield to attack by acids can be opened up by employing fusion
procedurcs. Decomposition by the use of fluxes have been adequatcel
treated by Hillebrand et alh and by Haxwall.s

with the exception of boric oxide, the common fluxes are

compounds of alkali metals; carbonates, peroxldes, hydroxides

and borates on the alkaline side; bisulphates, pyrosulphates

and acid fluorides on the acid side.

gevaral factors must be considered in choosing the appropriate
fusion procedure.s These may be summarized, thus:-

a. the method choosen must coffectively decomposc the sample,

b. introduction of large guantitics of material which may
be troublesome in subsequent stages of the analysis
must be avoided. In this respect the use of acids have
a definate advantage over the usc of a flux hecause of
the ease of removal of the excess acid and the fact that
fluxes are not so readily obtained in as pure a form
as are acids,.

c. if a flux is used, then a crucible medium that will
best resist attack by the flux should be employed:
platinum is commonly employed with carbonate,
pyrosulphate and borate, while nickel is employed for
peroxide fusion,

de the method of decomposition used should not result in
loss of constituents by volatilization. In this respect
alkaline fluxes have an advantage over acids and acid
fluxes.

Sne117 has outlined a summary of the generzal methods used for
opening up iron nres.

In the present work, o basic flux was used for opening up the
iron ore sample. The cheice of a basic flux was considered
advantageous due to less tendency for losses to occur by



volatilisation. Ajibuyea reported a lower percentage of iron
when o phosphoric and perchloric acid mixture is used for
decomposing iran ore samples as compared to the use of a
besic fluxe.

Also, the choice of a flux ensures that the small amount of
materiel introduced during fusion did not interfere with the
subsequent stages of the analysis.

2 - 4 pnalytical approach:

In rock and mineral analysis, the separation and
determinntion of silica is usually the first step in a
succession of operations that lead to the determination in
one nnd the same sample of many other elements. These may be,
after first separating silica, first, elements precipitable
by hydrogen sulphide, then those precipitable by ammonium
hydroxide, followed by the alkaline earths, and finally magnesium,
The general procedure usually followed has heen fully deuelnped,g
and various forms of this procedure has been schematized.1
vVariations in the general procedure may be called for in some
cases, and not all the elements in a groun are necessarily
determined in the group precipitate. Some of the elements to
be estimated may require separatc portions of the sample,
After the separaotion and determination of siiica, and the
precipitation of the hydrogen sulphide group, if this was consider -
degirable, the next step is to ensurc that iron exists in the
trivnlent state. The analysis can now follow any one of several
courses, depending on the end in view,.
In the usual case, iron, aluminium, vanadium, phosphorus and

nthers, collectively known as “RED " group, nare determined in

3
the ammonia precipitate. The precipitation is usually carried
out with agqueous ammonia at a pH just below =~v~n, Under these

conditions, manganese remain in solution. The filtrate from the
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precipitation of the "9293" group now contains the alkaline
earths (Cn, Sr, 8a8), magnesium, manganese, a relatively large
amopunts of sodium salts and small amounts of & number of elemenis
which hnve for some rensons escaped separation.
Next follows the separation of mangancse, zinc and nickel by
precipitntion with ammonium sulphide, after which calcium is
determined by precipitotion with oxalate, fellowed by the deter~
mination of magnesium as the phosphate.
In the present work, the aim of the iron ore analysis as previove
mentioned (section 1 - 3) is to determine the amount of total
iron, alumina, silica, phosphorus (PZDS) and sulpbur in the
sample, and this has determined the anmlyticol procedure employed.
Accordingly, the classicol scheme of analysis was modified, end
modern analytical techniges included to produce a scheme of
analysis divided into twao main sections, thus;

i) n systematic gravimetric and sphectrophotometric analysis

involving the use of ion exchange separations, and
ii) individual determinations of other elements by specific
methods on separate portions of the sample,

In the systematic annlysis, silica, total iron and aluminium
were determined in one portion of the somple: after the separation
and determination of silica by the double dehydration method,
the filtrate was subjected to ion-exchange supnratinn. Two
fractions were collected for iron end aluminium: iron was estimo*~'
gravimetrically and 2luminium was determined by a sphectro-
photometric method.
In the non-systematic part of the analysis, phosphorus and
total sulphur were determined on separate portions of the sample
by specific methods for the elements.
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2 - 5 Ggystematic analysis:

As mentioned in the preceding section, this part of the
analysis involves the determination of silica, total iron and
alumina in aone and the same portion of the sample. The variocus
analytical methods employed for these determinations are
detailed in the appropriate sections below.

2 -5.1 Decomposition of the iron ore sample:

A basic flux was used fer the decomposition of the sample
for reasons outlined in section 2 - 3 (page 17). The flux choosen
for the fusion of the snmple was sodium peroxide. This is bhoecaus:
it is a very powerful disintegrator and oxidant. Ona of the
chief difficulty of the usc of sodium peroxide ag a flux is thot
of finding a vessel in which the fusion can be carried out and
still not seriously contaminate the nnﬂlyaia.11 Also duz to its
hygroscopic nature, it is difficult to handle as compored with
other fluxes. Fusion generally takes place at 600 - 7200 and
platinum is seriously attacked at this temperature. If however
the inside of the platinum crucible is coated with a thin layer
of fused sodium carbonate and then with & thin loyer of fused
sodium peroxide and the fusion carried out at the lowest pogsible
temperature and not unduly prolonged, then a platinum crucible
can be Dmnlnqad.12 Silver, gold and zirconium crucibles resist
attack by the fused peroxide. In the usual ecase, however, the
fusion is mAde in crucibles of nickel or iron, with nccompanying
conterminotion of the fusion by the constituents of the srucible.
The fusion procedure is hence used in annlysis for which the
conterminnting substances are not to be determined. Thus in the
present work, the crucible employed is a nickel crusible. The
crucible material used in peroxide fusion generally has a shori
life time, Muehlberg13 recommen”” A procedure for sodium peraxi.”

fusions thaot results in little or oo a%tnr% on nickel crusibies.
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EXPERIMENTAL

Rengents

All reagents were of analytical grade unless stoted otherwise,

Sodium peroxide

Hydrochloric acid (d = 1.18)

Procedure

A mixture of 1 g and 4 g of the iron ore sample and sodium
peroxide respectively was carefully fused in a mickel eruycible
using a bunsen burner, In order to avoid froathing, the mixture
wns heated gently at first with constant swirling until a melt
was pbtoined. The mixture was then strongly heated until &
cleer homogenous liguid phase was obtained.

Nay0, + Fe (mineral) = Fenhz- + nat

After cooling, the sample cake wss transfered to a 1 litre
porcelain dish. The dish was covered with a watchglass. To the
dried and cooled mass, 15 ml of hydrochloric acid conc was
continously added, and then after about one minute, 100 ml of
hot water was also added. The cover was rinsed with water and

the dish tronsfered to a steam bath with constant stirring

until a clear solution was obtained,
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2 - 5,2 Gravimetric determination of silica:

Numerous methods for the dotermination of silica have
been developed. Modern instrumental technigues, direct and
indirect, for the determination of heteropoly acids (silicon,
phosphorus and arsenic) provide rapid and accurate methods
for the estimation of silica. The technigues generally depend
on the formation of molybdosilicic acid. The silicon can then
be estimated apectrnphutnmetrically,1“ or indirectly by atomic
absorption spectruscupy.15

Hurford snd Boltz '°

have reported a method for the indirect
simultaneous determination of silicon and phosphorus by
ultra-vinlet spectroscopy.

The most common analytical tonl employed in the determination
of silica is the gravimetric method described by Maxmellq7 anu

Hillebrand et n1.15

This is usually due to the desirability
of the removal of silice which would otherwise seriously
interfere with the determination of other major constituents
if not first removed. In the gravimetric d=atermination, the
sample solution which was either directly decomposed by acid
or rendered into an acid-decomposable form by fusion with a
flux is evaporated. The sclution becomes supersaturated with
respect to silica present as silicic acid,Si(OH),. which

coagulates into high molecular weinht aggregoies. On further

evaporation, the hydrated silica leccoza vnter and is rendered
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insoluble in o form which shows only a slight tendency to revert
to a colloidel form when treated with dilute acid., A single
dehydration usually seporetes 97 - 99% of the silica; 2 aecond
gehydration leaves less than 1 mg of the silica in solution
which is coprecipitated with the smmonia precipitote in the
glassical scheme of analysis and 1s estimated colorimetricolly
in very accurate work. _ |

The precipitated silica, which is impure is ignited at 120008

to constant weight after purification with HF and H,80, and the

2
silica content aobtained by loss of weight as it volatilises
8s hydrofluogilicic acid.

The most serioug interference arise due to the presence of
boron and fluorine in significant amounts. Boron will in part
accompany the silicao and be volatilised with it as 3F3, thus
resulting in high results for silica. Fluorine interferes by
forming SiFh in strong scid solution and is lost when the

temperature is raised sbove 10035 and causes low results far

gilica.
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EXPERIMENTAL

Apparatus

Platinum crucible: 25-ml capacity

Desiccator: cantaining silica gel as desiccant
Oven: Gallenkamp, temperature range, g-200°¢
Muffle furnace: carbolyte, temperature range, 0-1200°n
Reagents

All rengents used were of analytical grade unless stated

ptherwise,

Dilute hydrochloric acid (50% V/V)
Dilute hydrochloric acid (5% v/\l)

Dilute hydrochloric acid (1% VKQ)

4y

Dilute sulphuric acid (25%

Vs
Hydrofluoric acid (48% "\

Procedure

The solution of the iron ore sample prepared in section
2 - 5.1 (page 22) was evaporated to dryness in the porcelain
dish on a steam bath. Heating was continued overnight so that the
separated silice was sufficiently dehydrated. The residue was

N
taken up with 30 ml of hot dilute HC1l (50% 4}) and filtered
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through a whatman nNo. 40 filter paper which was previously washed
with warm dilute HC1 (5%\J<j), catching the filtrate in a litre
porcelain dish. The silica and the filter paper were washed with
hot dilute HMC1 (5%\444) until the yellowish colpur of iron wes
completely removed from the paper. The residue was then washed
ten times with hot water and the filter paper sucked dry at the
pumpe. The residug and filter paper were kept and the filirote
and washings evapourated tc dryness on a steam bath. Heating was
continued overnight to dehydrate the silica. The dish was hested
in an aven at 11803 for about one hour. It wos then covered and
the residue taken up with 20 ml hot dilute HCL (SEES\ﬁﬁJ) and
heated on the water bath for ten minutes. Flltration followed
immediately on a new and smaller filter paper, ceatching the
filtrate in 2 40D ml beoker. The residue and paper were washed
with cooled dilute HEC1 (1% V&d)’ and finally with hot water.
The filirate and washings were reserved for the determination of
iron and aluminium,.
The combined filter papers containing the separated silica were
placed in a platinum crucible and moistened with 2 few drops
of dilute HaS0,. In order to asvoid mechanical loss, the silica
was carefully heated over 2 low bunsen flame until it slowly
inflaming
dried and the filter peper charred .&tbout / v The crucibls

was partly covered and the heat slowly ineressed until the carbon

was throughly burnt. The crucible was then tighitly covered and
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heated in an electric muffle furnace at 1200°c for half an hour.
It was conled in a desicocator and weighed. The ignition was repeated
at 15 minutes intervals until congstant weight was cbtained.
After the weight has become constant, the impure silica was
moistened with water, followed by the addition of 5 ml HF and

a few drops of dilute H2SDQ' The contents of the crugible were
cautiously evaporoted to dryness. The crucible and contents were
then ignited at 1200% for 4 minute, cooled in the desiccator
and weighed. The ignition, cooling and weighing operation was
repeated until canstant weight was ogbtained. The crucible and
content were kept for the next stage of the analysis.

The determination was repeated for a 0.8g and 0.99 sample weight

respectively,

Calculation of percent silica

The weight lost during the hydrofluoric acid treatment

equals the weight of silica.

\
o

weight of crucible + silica and impurities =
weight of crucible + impurities .. .o = b
0‘ - wEith Uf EiliBﬂ LN ] - e » o a = 8 - b

Percent silica in sample .. ee .. B8-B 00

The results obtained are given in trhle I.

r
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TAALE I

SILICA IN IRON ORE SAMPLE

Sample fueight of wWeight of Percent {Mean
NO. Jsample (Q) silica (qg) gilica percent
silica
I 1.0 0.0620 6,20
11 0.9 0.0576 S.40 6.32
111 0.8 0.0508 65.35




2 - 5.3 Preparation of the splution ond ion-exchange

seporntion for the determinntion of total
iron and alumina.

After the separation end determinntion of silico, tho
next stage in the systematic analysis is the estimation of total
iron ond alumina. Consequently, both iron and oluminn have to
be brought into favoursble environments free from interferences.
This cells for analyticnl seperations designed to;

n. separnte iron from aluminium and other interfering
substances, a2nd
b. separnte aluminium from substonces that might interfere
with its determinotion.
There are scvernl established procedures for the senaration of
iron (J11) from =2luminium ond other elements. Precipitotion
methods for this purpose have becn extensively dealt with by

20 21 N
Peterson hns reported n method

Hillehrand19 and Maxwell.
for the separation of iron prior to its determinotion by

cupferron precipitation and extraction with chloroform,

Iron (III) con also be sepnrnted from oluminium ond other

elements by extroction with ether from hydrochloric acid
anlutiun.zz Ion-exchange techniques arc often employed in the
separation of iron (I11) from oluminium and cther elements.

Cation exchangers can be used in the separatioan of iron (IT1I)

by elution with 12M HE1.23 Anionic exchongers con nlso be employed

for the same purpose. Kurt and Hmuszh have reported the
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hehaviour of divalent transition elements including iron (I1I)
in hydrochloric aciﬁ solution on 2n 2nion exchange resin. In
10M HCl, aluminium is not ahsorhed on an anion exchanger, while
iron (I1I) is retocined by the resin.zs

In the present work, aluminium and pther constituents of the
ore were sepnrated from iron (III) by carrying out onion
exchange seporation by eluting with 10M HCl. The separation
depends on the formation of chlorocomplexes of iron (ITI) in
strong hydrochloric acid solution whereby the hexoquoiron (I17)
cotionic complex interact with the chloride ions to form

chlorncumpluxes.26 The formation of the chlorocomplexes follow

the pattern indicoted.
Fe(H, 002 4 LHOL ——a Fe(H,0),617 + UH,0" (1)
2. G + " 2 2 l‘ 3 RO
- + . — “} .
Fe(HZU)z‘:lh + 2H - e 3 Feﬂlh + 2H3[] -n-o-o-coo(li)

guth chlorocomplexes shown in equations (i) =and (ii) above

are known to exist in hydrochloric acid solution of iron (II1)
cmmpounds.27 Cn an anion exchange resin in 10M HC1, aluminium
and phosphorus (in the form of orthephosphate) are not adsorbed
and are collected in the effluent, while the iron (III) is
retoined by the resin and can be eluted with wnter.

After the ion-gxchonge separction, the iron (III) fraction is
analysed for total iron ond the effluent is subjected to futher
separaticn in order to sepnrote aluminium from phosphorus and

other interfering substances.
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!
fine of the chief difficulties in the determinotion of aluminium

is thot of effecting o shoarp separoticn frem interfering
subpstances. This is the reason why in the clossicel gscheme of
nnalyslis, aluminium is chininad by difference nfter the
determincticn of nll the sther members of the "REDB“ group in
the ammonina precipitote. However, various grovimetric procedures
hove been treated by Hillehrand28 and Mﬁxwallzg for its
separation from other elements., The only grovimetric method
cited in the literature copable of producing, in one operation,
a good separation of zluminium from other elements is that in
which it is precipiteted as the bydrated chloride, Al{:l3 ° GHZG,
by passing gaseous bydrochloric acid into 2 cold, cencentrated
sclution of aluminium chloride.in n mixture of hydrochloric neid
ond ether,

gsolvent extractinn technigues for the seporation of oluminium

30 The extroction

prior to its determinoticn hoave been develceped.
method vaing B-hydroxyquineline is not very sensitive, but is
highly selective provided epprepriote masgking agents aore used.
Retween pH 4.5 and 10, B<~bydroxyguinoline forms the chelnte,
HI(CQHGDN)3, which is sparingly soluble in woter hut rendily
digeolve in chleroform. although S-hydroxygquinoline is o group
rengent, ond reacts with many other metal ions, the use of
appropriate masking agents mekes the method specific for aluminiu
in the present work, aluminium in the effluent was separated

from other constituents of the ore by extraocting 1t with

f-hydroxyguinoline into chicroform (see sec 2 <5.5).
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EXPERIVNVEMNMTAL

Apparatus

Platinum crucible: 25-ml capocity
Hot Flate: Gollenkomp, temperature range, 0O - 250z

Ton=-exchange cclumn.

Rengents

nll reogents used were of nnalyticnl grade unless stoted

otherwise.
Y

pDilute hydrochloric 2cid (500
Anhydrous sodium carbonnte
Sodium peroxide

Concentrated hydrochloric acid (10M)

amberlite resin IRA 400 (£1” form)

Preparation of ion-exchanga column

The anion exchange resin, Amberlite IRA 400, supplied in
the chloride form was nir dried for about 24 hours. 5.0g of
the a2ir dried resin was taken and woshed with water by
socking and decantation until 211 suspended particles were
eliminated., The resin was then sonked in 10M hydroechloric
acid and uniformly packed into the column making sure that no

air bubbles were trapped so as to avoid channeling. Finolly
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the column was woshed twice with 25-ml portions of 10M HC1,

meintaining the flow rate ot 2 ml per minute.

Preparation of scluticn for the ion-exchange separation

The residue from the volatilisntion of silica wns mixod
with 2g ond 0.5 of scdium corbonote and sodium peroxide
respectively in the pletinum crucible. The mixture was carefully
fused, the melt allowed to cool and then taken up with 15 ml
of hot dilute HC1 (5{155\1”\1). This wos herted on a hot plate
until a clear solution was chtained. The solution wes added
to the combined filtrates and washings from the silico determina-
tion in the 4OOD ml beaker. The fusion treatments (sec 2 -5.1 ond
sec 2 -5.3) have ensured that all the iron in the sample is
present in the sample sclution s iron (III1).

The solution was concentrated to about 200 ml on a steam bath,
transferred to a 250 ml volumetric flosk 2and made upto the
mark with distilled water. A 50 ml ~ligquct portion of this

snlution was tzken for the ion-exchange separation.

Procedure

The 50 ml aliguot portien of the sclution in o 250 ml
beaker was concentrated to about 10 ml on o het plate. 30 ml of
10M hydrochloric acid was added and the sclution passed through
the ion-exchange column at a flow rate of 2 ml per minute. The
column was washed four times with 50 ml portions of 101 HCL,

with the same flow ratc ond the effluent cnuchi in 2 400 ml
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becker., This fraction was kept fer the determinoition of
aluminium,

To remove the iron from the column, 200 ml of woter was passed
through the column. The breakthrough for iron wos shown by the
appzarance of o yellow effluent solution through the column.
The iron fraction wos collected in a 400 ml heaker ond kept feor

the determination of iron.
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2 - 5.4 petermination of totel iron

The conventionel technigues for the onnlysis of iron
minerals are many and include grovimetry, titrimetry, specirometry

and elentrnmetrv.31’ L

Gravimetry is the method employed in

this study and it is often used when the concentration of iron

in the sample lies within the range of 10 - 1007.. The method

is selective, often requiring complete separotion of the metol

- or compound of interest. It is time consuming and tadious hut
cheop, requiring nc complicoted equipment and copoble of yielding
a reascnable degree of cccurzcy with precision hetter than

1 part in 1000.

Conventionally, irun (III) is determined gravimetricoclly by
precipitoting it as the hydrous oxide by addition of hydroxyl

ions from ammonia.

Strictly spenking, hydrous oxide has no definote stoichiometry.
It is represented by the formula, FEEDB‘ xHZD. The precipitate
is typically amorphous and reacdily forms colloidnl solutions,
In washing the precipitate, an electrolyte is used tn prevent
peptisntion nnd production of slimy moterial. Ammonium nitrote
is most suitable for this becnuse on ignition it volatilises,
ond dces assist somewhat in the subsequent icnition of the
nrecipitate. Ammenium chloride is not suitable for washing be-

couse ferric chloride which is volatile is Teraed during the
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ignition, thus:-

3
Ignition must be corried out in the prescnce of 2n oxidizing
ngent (=2ir), ctherwise partial reduction to F'G}IZJJI+ nr even to

the metal may occur. Of the major and minor constituents of

the ore, 2luminium, pheosphorus, titanium, vanadium and
manganese would be expected to interfere with the determination.
Of these, conly manganese may not heve been separated durino

the ion-exchange separction. Monganese can be completely
separated by careful nuetralisation of the solution with

ammonia during the precipitation.

EXPERIMENTAL

Agnnretus

Porcelain crucible: 30-ml capacity

Desiccator: Containing silien gel as
desicecant

Oven: Gellenkamp, temperature
ronge, 0 - 200°C

Muffle furnace: Carbolyte, temperature
roangs, 0 = 120055

Reagents

All recgents were of annlyticol grode unless stated

otherwise.
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T .

pilute hydrochloric acid (snc::\’/\l-)

Ammonium nitrnte solution (1%{n4J)

Methyl red indicetor: Prepared by disscolving 0.02 g of the
free acid in 100 ml of hot water, 2llowing the soluticn to
cool and then filtering through a ihatman Npo. 40 filter

pAper.

Procedure

To the iron scolution in the 400 ml beaker wes added four
drops of methyl red indicotor and heated just to boiling.
Dilute ammonia (50?\,41) wns ndded dropwise until the colour
of the sclution changed to a distinct yellow. The sclution wos
then beiled for two minutes, more ammonic being added if the
colour of the solution changed to orange cr red. After digestion
of thc reddish-hrown precipitote, tho ~olution was filtered
ot once through an ashless yhatman pNo. 40 filter paper. The
precipitnte was washed three times with 50 ml porticns of hot

% ommonium nitrate until no positive test for chloride wes
obtained from the washings. The precipitate waos dissclved in
warm dilute HCl and the precipitaticon and weshings repeated,
The filter paper was throughly droined efter the sccond
precipitotion and washings. It was then carefully folded over

the edges and transferred to o weighed porcelain crucible
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which had previously been ignited ot 7200°c in =n electric mu-
ffle furnace and weighed to constznt weight. The crucitle wos
hented over o low hunsen flame until the filter prper was
charred without inflaming. The hoot was incressed until the
cerbon was throughly burnt off. The crucible was then ploced
in the furpace with the cover displaced to one side ond the
door of the furncce opened slightly to 2llow 2ccess to zir in
prder to ovoid reduction of the Feolye The crucible wns then
heated nt 700°C for 1 hour. Heating ot o temperature greater
than ?DUDC was nvoided os it would result in the reduction

of iron (IJI) oxide to iron (II) oxide by the reaction;

Fes0y ez WFRO 4+ 0O,

The crucible and content were coecled in o desiccotor and
weighed. The ignition, cocling and weighing of the precipitote
as FEZU3 were repeated to constent weight.

The determinaticn was repeated for the 0.8 g and 0.9 g somple

weight respectively.

Calculation of percent iron (III) oxide.

The percentage of total iron os FE203 in the iron ore somple
wos calculated os follows: -
Wt cf crucible + Fe 04 in 50 ml aliquot o i~ =X g

Wt of crucible i ) @ % % P

0

v o

s Wt of Fey0,5 in 50 ml nliguot .. oo Wi T X=y
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Hence Ut of F8203 in 250 ml of sample solution =5 x (x~-y) o
Wt of sample toaken for anolysis .. .o ee = W O
I.. ';t; FG203 1“ Bﬂmple .o o8 N - e = SDD X (X-V)
w
The results obtoined are given in toble II.
TA3LE 11
RESULTS FCR THE GRAVIMETRIC DETERMINATICN CF
TOTAL IRCN AS FEZD3.
! ? . ; ; iM;Dn;_,_ _!
Sample Weight of Weight of { Percent ! ;
j percent
NOe sample (g) —;.FEZUB (1) | Feylq Fe 0, ?
¥
! :
I 1.0 ' 0.1448 72,4
R b Y S
3 ¥
| . : {
! 5
1T 0.9 ; 0.1269 70.5 i 72.0
b
H !
" l
}
111 0.8 . 0.1170 73.1

-—— -
s
b =
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2 - 5.5 petermination pf alumina

In the classical scheme of annlysis, aluminium
(ng ﬁ1203), is usurlly determined Dy difference in the "Rzﬂ3“
nrucipitate. methods for the direct determinotion of nluminium
include grauimetry,BB' 3k atomic ~nsorpbion ond fluorescence
apectrnscupq,35 colnrimetrq36 and pther techniques.
In the present work, aluminium (os ﬂ12D3) was cetermined
spectruphutumetrically by mezsuTing the yelliou colour of the
axinate of nluminium in chloroform. '
Full accounts of spectroscopy as an anzlyticel zael have been
trented in detoil by Donbruw37 and Dyer.BE atoms and molecules
are capable of undergoing energy tronsitions Dy absorption
or emission of guanta nf the appropriate plectromagnetic

radiant energy, given hy Plonk's aquatlon;
E - h.o

where,

h = Plonk's conatant, ond

L}

frequency of electromagnetic
radiotion.

The value of ¥ depends on the tyﬁe of tronsition and the
species jrwolved. For inatance, electronic transitions resull
in emission GT absorption of enerqy in the wltraviolat - visi-
yle region of the electromagnetic spectrum. Quantitctive

analytical agpect of maleculnT ahsorption apeaRroscopy ATE
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bosed on Beer - Lambert's law, often represented by,

A - Ecl,
where,
G = concentration of absorbing
. . -1
species in mol 1
A = nhsorbnnece of the solution
1 - thickness of somle sclution in cm
E = absorntion ceoefficient for the

1

somple in a1l em™ ! at o parti-

culor wevelength,

Aluminium oxinnte is yellow when disselved in chloroform,
cnorbon tetrochloride or benzene. The ceolouration is not very
apprecichle to the eye, but the abscorption is high in violet

and ultraviolet light with a2 sensitivity of;
E = 6,700 at 390 nm =ond 20,000 at 260 MM,

Separation from other elements, in particular other constituents
of the ore such 2s phosphorus, monganese, sulphur, vanadium,
chromium and other interfering metal ions was achieved by
extracting the oxinste into chloroform in an 2mmonincal medium
at pH 9 in the presence of tartrate, cyanide ond hydrogen
peroxide, as masking cgents. Also, the presence of tartrate
keeps aluminium in solution at pH volues at which it normally

hydrolyses.
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EXAFPERIMENTAL

Appnratus

pH meter

Snectrometer: spectronic - 20 instrument.

Rengents

All reagents used were of analytical grode unless stoted

otherwuiae,

m
8-hydroxyguincline (oxine, 27 41): 2 g of B-hydroxy-
quinoline wos dissolved in 100 ml of spectroscopic grode
chloroform.,
L
Potossium cyanide (13% ‘Q)
",
Sodium sulphite (200 V)
m
Tartoric acid (10% /Nb
\Y
Hydrogen peroxide (10% AJ)
Dilute sulphuric acid (0.07 N
ammonium nitrate,
gtondard aluminium solution (1 mg/mi): 17.59 g of aluminium
potassium sulphate, HAI(SUQ)2 . 12 Ho0 was dissolved in
water containing 5 ml of concentrated sulphurie 2cid. The
sclution was quantitatively tronsferred to o 1 litre volumetric

flask and made uptc the mark with woter.
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Preperation of calibration curve:

[liquots of the standard alw:iniun solution were pipetted
into labelled 100 nl volunctric flasks ond diluted to the
nark with 0,01 i' 1,70, to give solutions of 0.10, 0,15,
0e20, 0425, 0.30, 0.35, 0,40, 0.45 and 0,50 ng pcr 400 nl.
25 nl of the stonderd solutions were pipetted into labelled
150 121 beakers. 2 nl of tartaric acid and 1 ml of hydrogen
peroxide were added ond the solutions allowed to stand
for five ninutcs. 5 1l of socdiun sulphite werc added and
after allowing to stand for thrce ninutes, 10 ml of the
potassiun cyanidc solution were odded. “he solutions
were heated to about 7000 and then cooled to about 2500.

2 g of ommoniun nitrate were added and the pH of the
solutions adjusted to 8,9 £ 0,3 with anmonio or HC1
using a ph neter. The sclutions werc transferrcd to
labelled 250 nl separatory funnclse 5 11l of oxine were
added and the funnels shaken for two ninutes. fter
allowing to scttle, the organic phasc wos collected

in a 50 nl volumetric flask. The extroction was repeated
thrcee times and the solutions werc iiacdc upto the nark
with chloroforn. The abscerbencce of the scluticons was
neesured at 389 mm  against 2 reagent blanc using spect-
ronic - 20.

L calibration curve was obtaincd (Fig 1) by plotting

absorbance against concentration.
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Procedure for the detcrnination of alunino:

The z2luriniun froction from the ion-oxchoange sepoeration
(scetion 2 - 5.3) was concentrabed to cbout 20 nl on a
stearr bath ond amnonic solutien added until faintly
acidic, The sclution was transfcerred to a 1 litre
voluctric flaosk ond nede upto the narlr with water,
25 nl of this sclution was pipceltted inte o 100 nl
volunetric flask and nade upto the norlr with water, 25 nl
of this fincl solution was token, the oxinote propared
and cxbracted into chloroforn as previously describeds
The obsorbance was neasurel at 389 MM and the concentraticn
of aluniniun in the sclution obtedned fron the calibration
curve (fig. 1)

Calgulction of percont alunina:

et the concentration of sclution zs obftained fronm the

IS

calibration curve in ng per 100 nl
izince the 100 nl of final sclution was obtained by
diluting 25 nl of soluticu with water, then the nunber
of nr in this 25 nl = o

But the 25 rl was an clicuot fron 1 litre of the diluted
solution aftor jlon-cxchange scporation,

e+ the nuiiber of g in 1000 nl of sclutien = a x 40

But 50 2l was trlien for ion-exchonge separeticn out of
250 nl of sonple solution,

e nuiber of ng of mluniniun in saople scelution = o 200



dence, nunber of ng of .’_1,,05 in sonple = 2
[
whoere 1.8099 is the conversion factor.

e A1P05 in sanple = o x 200 x 1,8899 x 100

- W

wherey 'w' is the weight of sanple in ng.

The results obteined are given in toble ITT.
£

TLABLT IIT
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Woa

iieight of
gsonple
(g

Lbhsorbance

.

IX

0.9
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0.8

C. %2

1706
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Mean

% ﬂ1205

746

X 200 x 1.8899,
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2 - 6 Non-gystenotic enalysis:

In this part of the analysis, thce phosphorus and
sulphur content of the iron ore sanple arc detemiined
n separate portions of the solid pcwder as prepared
in scetion 2 - 2 (pege 16). The mnelytical teckniques

eriployed in the deternincticns ocre detailed in the
appropriate sections bclow,
2 - 6.1 Deterninetion of phosphorus

The deternination of phosphorus in the
proportions in which it occurs in silicatc rocks and
ninerals is ussually carriec out on a scparate portion
of the sanple. The various nethods for the scparation
and deternination of phosphorus hove been fully
treated (sce chapter ITI, section 3-4,2), Suffice it
to say herc that the cstination wes carricd out by
neosuring the colour of the yellow nolybdovancdophos—
phoric acid conplex. The ncthod is considered to be
nost specific for phosphorus. Llcuents such os silicon,
arsenic and gerncniun, which like phosphorus foru
colourcd heteropoly acid conplexes intcrfere with the
deterninaticn and nust be renoved. Lenoval of silica
can be casily accorpolished by decouposing the sanple
with a nixture of nitric and hydrofluoric acids,
Fluoride ion intcerfercs with the developnent of the

colour and con be expelled by evapouration with nitric
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acid to dryness ofter decorposition of the sanple and
baking at tenperocturces not greater thon 250°C, &
higher tenperature can result in loss of nhosphorus

by volatilisaticn. -lenents which forn coloured
conpounds such as iron, nickel and copper interferc
with the nethod ond nust eithier be renoved by prelind-
nary separation of the phosphorus or the absorbauce

be corrceted for That due t the colcured substonces.
"hig is porticularly inportent for iron (IIT) due to
the nature of the sample, Yhe coptinun concentrotion
ronge is 5 ~ 40 pprn end the abgorbance is ncasurced ot

10O ~ 460 nm,

BEXxP oI Lkl L

et . A A AL B i S el M e S i i

Apparotus

Plotinun digh: Copacity - 30 nl.
Spectroncter: spectronic ~ 20 instruncnt.
Repgents

£11 reagentzs used were of annlytical gradce unless

stoted octherwisce

e
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Hydrofluoric ccid (48%‘44J)

Boric acid (5%'m4¢>

Sodiun carbonate (anhydrous)

Armoniun nolybdate (5% m«[): 50g of anncnium nolybdate
(5H4)6Ho7024.4H20 was dissolved in =2bout 500 nl of
warn water, The solution was allowed to stand for
severcl hours, filtercd through a 'hatmen No. 42 filter
paper, diluted to the nark in a litre volunctric flask,
nixcd well and stored in a polyethylene bottle,
Lnnoniun netavanadate (0,25 h/\f}: 2e5¢ of annoniun
netavanadate (TH4V03) was dissolved in about 500 nl

of hot woter ond then cooled. 20 n1 of concenbrated
nitric acid was added and the solution allowed to

stand for several hourse.e The clear soluticn was diluted
to 1 litre with distilled water ond stored in a glass
bottlc,

Standord phosphate solution (Mg P/ml): 3.7137g of
annoniw orthophosphate, NH,H,PO, (re-crystallised and
dried at 100°C), was dissolvcd in water and diluted to
1 litrec. The sclution was storced in o tightly capped
polycthylcene bottlee

Preparation of calibrotion curve:

- ——

To a series of 100 nl volunetric flasks, aliquots of
the standard phosphate solution were pipetted to give

solutions of 0,00, 1,00, 1.50, 2,00, 2.50, 3,00, %450
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Hydrofluoric acid (48% \4/\[')

Boric acid (5% "AL)

Sodiun carbonate (anhydrous)

Anmoniun nolybdate (5% ﬂ%J): 50g of anncniun nolybdate
(PH4)6H07024.4H20 wos dissolved in about 500 nl of
warn woater. The solution was allowed to stand for
several hours, filtercd through a 'hatmnen No. 42 filter
paper, diluted to the nark in a litre volunctric flask,
nixced well and stored in a polyethylene bottle,
fnnoniun netavanadate (0025 m/\b: 2¢5g of anmoniun
netavanadate (quvoﬁ) was dissolved in about 500 nl

of hot woter cnd then coolecds 20 11 of concentrated
nitric acid was added and the solution allowed to
stand for several hcurs. The clecar soluticn wes diluted
to 1 litre with distilled water ond stored in a glass
bottlc,

Standaord phosphate solution (Mug P/ml): 3,7137g of
annoniul orthophosphate, NH4H 304 (re-crystallised and
dried at 100°C), was dissolved in water and diluted to
1 litre. The solution was stored in 2 tightly capped
polyethylcne bottle,

Preparation of cclibration curve:

To a series of 100 nl volunctric flasks, aliquots of
the stondord phosphate solution werce pipetted to give

solutions of C.00, 1.00, 1.50, 2.00, 2.50, 3.00, 3,50



and 4,00 ng P/100 nl.

5 nl of concentrated nitric ceid werc added and the
goluticns diluted to about 50nl with weter, 10 nl of
amnceniun vanadete solution wns added, followed by

20 1l of the anoniun nolybdate solution. '“he sonlutions
werc diluted to wvolunc with woter, throushly nixed

cad allowed to stand for 30 ninutes at roon tenperature.
Finally, the absorbance of the yellow conplex was
necsured at 460 wm ogeinst o reagent blank using
spectronic - 20 spcecetroueter.

{. eelibration curve was obtained (Fige. 2) by plotting
absorbance ag: .st concentreotiona

Proccdure for the deterninoticn of phosphorus:

0.3; of the iron ore sanple was placed in a 30 nl
pletinunm dish, noistenced with water end stirred with
a stiff platinun wire, “he dish was covered and 10 nl
CONCe HNO3 wes added, Lfter cffcrvescencce has ceascd,
the cover was renoved, rinscd with water and 10 nl
of HI' was adleds The dish was placed on a sand bath
end the contents slowly cvepourated to near dryness
with occasional stirring. After cooling the contcents
of the dish werc noistened with water followed by the

additicn of 5 nl HNO, and 5nl HF respectively., The

5

nixture was stirred and evapourated to dryness on a

sand bath, “he solid nass wzos alloweG to cool, 20 nl
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FIG. 2%:47TORATION CURVE FOR THE DETERNMINATION OF P,O.
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of HT.-TO3 (5055 “Q) cdded and again evapourated to
dryness and the solid 1ass heated for about 30 minutes.
Asfter cooling, 20 nl of KN 3 (SOﬁ‘q&(, previcusly boiled
and cooled to renove oxides of nitrogen) and 10 nl of
boric zacid were added and the residue broken up with a
platinun rod. The dish was covercd with a plastic cover
and. the contents digested on a water bath for 2 hourse
"he solution was filtercd through a ‘habtman o, 40
filter paoper into a 100 nl velumetric flask. The dish
was throughly policed with water containing a few drops
of HHOB. The dish ord@ the paper werc washed severcsl
tines with this wash sclutione.

The residuc and the filter paper werc ignited in a
pletinun crucible over a low flane until the filter
chars without inflaoning. ‘“‘he carbon weas burnt off, the
resicdue ignited and fusced with 1g ungcca. After cocling,
the cake was leached with water, filtcred, the filtrate
nade acicd with HI--TO5 and added to the solution in the
volunetric flask., Finolly, the soclution was diluted to
the mark with water and throughly nixed.

50 nl1 of the solution was pipetted into a 100 nl
velunetric flask., 5 nl of conc. ﬂgca was added ond the
deternination carried out as describel previouslye.

To corrcct the ebsorbance due to prescnce of iren (III),

the rencining 50 nl of the sanmplce solution was diluted
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to 100 nl with water, and the aobsorbance of the solution
neasurcd at 460n8m ogainst distilled water 2s blenk,.

The absorbance was subtracted fron that of the yellow
conplex to obtain the corrccted absorbance readinge.

The concentration of phosphorus in the solution wes
obtained from the calibration curve (Fig. 2)

Calculaticn of percent P205:

Let the ceoncentration of phosphorus in the sclution
as obtained from the colibration curve for the 50 nl
aliquot be a ng/100 nl.

e o for 100 ml of samplec solution, the concentration

of phosphorus in ng/100 1l = .. .o .o 2xXa
e®e the nunber of ng of PEOB in sample solution = 2 x
a X 2.2912, where the figure 2.2912 is the
conversion factor.
2 = a .’?
%P205— .o L] Lo 2 e LW ?K }C2c912
W

where, 'w' is the weight of sanple in ng.

The results cbtained for the threc sanple weights arc

shown in tablec IV,



RESULTS FOR THI SPECTROFHOTOMICRIC

DETERMINATION OF PHOSPLORUS AS P?O5

-

BY THE MOLYBDOVANADOPHOSPHCRIC

.CID METHOD.
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Sanple Weight of i =
Nce sanple ibsorbanee] % P,0. ,If/f[ei;n
(F) 29 14y L 205
T 0. 3000 018 } 2,67
|
_i.
1T 0. 4034 0,30 | 2,84 2,79
W
{
<
i
III 0.3%273 0,24 | 2.80
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! R SP

oy




2 - 6,2 Dcternination of total sulphur

In silicate rocks and ninerals,sulphur usually
occurs in the fornm of a sulphidc such as pyrite (FCSE),
pyrrhotite (Fe738), or troilite (FeB).

The analytical problens encounterced in the dotermination
of sulphur arise when it is associated with elcnents
such as bariun, lcal, strontium or large anounts of
calciun with which it forns insoluble sulphates. In the
cagc of the first thrce elenents, and in particular with
bariun, an insoluble sulphatce is formed and ceaught with
silica, thus causing prcblcns in the deternination of
the nain portion constituents in a complete analysise.
The sanple taken for the dcternination of sulphur

nust not be too finely grinded so as to avoid loss

of sulphur as the dioxide due to oxidation . Care nust
also be taken in the dcceposivion of the sanple in
order to avoid contamination by sulphur conpounds in
the atnospherc and in particular by ignition or fusion
over flanes that arc fed by gescs containing sulphur,
Such contanination can be avoided by neans of an
asbestos shicld.59 In general, the sauple is deconposcd
under oxidising cenditions to »ender the sulphur into
the forn of 2 soluble sulphnte.

Various nethods for thc scporation and deternmination of



sulphur hove been cxtensively treated4o. Iron and
other elcments that are prccipitable by amnmonia
without formation of basic sulphates con be separated
fron the sulphate ion by dcuble precipitation.
tlectrolysis with o nercury cathode in dilute acid
soluticn can separate boscs such as iron, chroniun,
nickel and molybdenune. lMagnesium and the allkaline
carths can be separated pricr to the precipitation

of bariun sulphate by fusing the sanple with sodiun
carbonate, extracting the nelt with watcr and washing
the residuc with hot 1% sclution of sodiun carbonate,
The analytical techniquces often cenmployed in the deter-
nination of sulphur include titrinetry, photonectry,
turbidinetry and gravinetry.

In the present work, sulphur was estinated gravinet-
rically as total sulphur in ~ scparate portion of the
sanplc, Fusion with sodium carbonate and extraction
with water ensures separaticn fron the alkaline earths-
Ferric ion can be recduced te the ferrous state by
addition of aluniniun powder. The precipitation of
bariun sulphate nust be carried out under well
defined conditions due to the solubility of the
precipitate in acid nediun, occlusion and co-precipi-
taticn. In general the sanple soluticn should contain

cnly a srall excess ol Lylrcchloric acid because the
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solubility of barium sulphote increases with increasing
acid concentration. The volune of the sanple solution
should be large to uinimisc tlhe tendency of barium
sulphate to adsorb other ions and to prevent the

precipitation of gilica. Freocipitation is carried out
at beiling point to nininisc the tendeney of bariun
sulphate to super saturate. The preeipitate and sclution

-

should be allowed to stanc prefaorably overnight sc

as to wininisc coprecipitrtion.

Ls barium sulphate is easily reduced by carben,
ignition of the preecipitatz should be cerriced ocut at
a low tenpcraturc (below GOOCC) and under goad
oxidising conditionsa. 'The Femitod residuc is trected
with IF and H,80, end then re-weished so as to remove
eny silica tkhat night have gone Cown with the bariun

o

sulphate,

EAPILIRINITEDT AL

————— s - ke e e e e

Apparatus
Platinun cerucible: 25-nl copreity

Desiccator: consniaing silica gel as

Oven: Grllint~mh, tenperature

range, 0 - z00°C
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Muffle furnace: Cerbolyte, tenperature

range, O ~ 1200°C

Reagonts
All reagents used were of onalytical grade unless
stated otherwisc.
Hydrochloric acid (12 i)
Sulphuric acid (Crnc.)
Oydrcfluoric acid (48% v/ V)
Hydrochloric acid (BOﬁ\dﬂd)
fmnonia solubion
Saturated bromine weter (Froshly preparced)
Ethyl alcohol
Bariun chloride (5%1“AJ)
Sedium carbonote (4%'“”#)
Sodiun carbonate (aniydrous)
Sodiun peroxide

Lluniniun powder

Precedure

About 1,0000g of the sample {100 uesh size) wos
dried in an oven at 110°C snd Sransferred to a 25 nl
platinun crueible., 3 g of onliydrous sodiun corbonate

and 0.5 g of Nagog were oadcd and pixed throughly with
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a glass rod which was wipeld free of particles by
rubbing it in 1 g N32005 on a filter poper and the
flux use? to cover the nixture in the crucible. The
cruclible was then placed on an asbestos boat over a
bungcen flane ond heated until o melt weos cbtained,
After cooling, the coke was loosened with a few nls
of water and a stirring rod and transferred to a

250 nl beaker, The inside of the crucible and cover
were policed with 2 rubber pelicenon and the rinsings
transferred inte the beaker, The contents were
diluted to 50 mls with woter. dbout % nls of ethyl
alcohol and 1 g powdered nluiiniun were added and
digested on an electrically heated woter bath with
constant stirring for about ten ninutes.

The solution was filtered inte a 900 nl beaker
through a Whoatnen NVe. 40 filter popere The residue
and beaker were washed soveral tinegs with cold 1%
soclution of NagCO5 and the rinsings poured through
the filter paper. The peper and contents werce wacshed
five times with 5 nls portions of the wash scoliution.
5 mls of saturated bronine woter was added to the
filtrate and the veolune dilubted o 300 nls with waobter,
The beaker was covercd with o watchrnlass and HCL

(506 A() adaed dropwise until tlho sclution was acidic,.
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The solution was hcated to boiling tu expel carben
dicxide and bronine, coolel, neutralized with arvoniao
solution and acidified by adding 2 nls of 12 ¥ 1 C1.

It was then hecated to boiling and 25 nls of ot 5%
sclution of BaCl, added drepwise witl: vigorous stirring.
The solution and precipitate were digested on o water
bath for 1 hour and a2llowed to stan® overnight.

The soluticn was filtercd throuch a Yhobnan No. 42
filter paper by first deconting as imeh of the supcr-
natent liquid as possible, kecping rnest of the
precipitate in the bea¥ker, an? the filtrate discarded,
“he precipitate weos ther transferred onto the filter

paper with a streas of het water. The paper was folded

I e
around the preecipitate anl ploced in o weished
platinun crucible previously ignited ot OOUOC ond
ceooled in o desiceator before weighing. The erucibdle
cover was placcd loosely ©o allow access o 2ir ond the
crucible heated cver o 1w bunsen floiie. Vithout
allowing the crucible te becone e the paper was
charred without inflazine. The cover wos displacer

to one side ond the terperature raised until the

carbon wos coupletely burnt off. The residue wos igni-

& 2 o z )
ted at 9007C in an eleetrie wufflc furnace ond cooled

cr

X [l §

in @ dosiccater. One drop of cunc. fqoon and 2 nls

of hydrofluoric acid were adled, cvoporated +o Cryness,
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and reignited at 9007C to constont weisht.

~alculation of percent sulphur

B3ince the precipitatce was weilshed ag BQSO#, the
percentage of totoal sulpbur in the iron ore saonple

was computed fronr the relation:

Wt of Baﬁoq % Q1574 = 100

T T

Wt of soiple
where, 0.1374 is the gravinetric foctor,.
The results chtoained for 211 the threce sanple weights

takren arc given in table V.
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RESULMS FOR NI GRAVINTIRIC TUMIRNINATION

OF MOTAL SULPHUR LY PRECIDITATION 48

-,

SalTUN BULPL S,

o]

Sanle Weight of 7 Weight of L Heon
T saiple B0, (z) s %5
(2)
. - — i Do

I 4 1.0000 0. 0095

II (¢.8000 0.00868 015 Ca5

s i p———

11T 00,6975 00,0057
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CHAPTER IIL

ANAIYSIS OF PHOSPHATE ROCK

Four phosphate rock samples were studied, namelys
ae FSA I phosphate rock sample located in Sokoto state
of Nigeria., This sanplc was obtained from the
" Institute of Geological Survey, Kadunae
b. Togo phosphate rock, located in Togo .
c. Senegal phosphate rock, located inThic ~, Senegal.
ds Niger phosphate rock, iocaved in Niger Republic.
£11 the phosphate rock samples, b - &, were
obtained from the Federal Super Phosphate
Fertilizer, Kaduna,
The analysis of the phosphate rock samples was carried
out to determine the following coasbtituents, thus:

noisture, silica, PPOE? Jo 05? alunina, fluoride

AN)

and lime,
The analytical techniques employ>d include, gravimetry
(determination of moisture, ]?,)O5 axd silica);colorimetry
(deternination of P205, FeaOB, A1203;; titrinetry

(determination of fluoride) and flam> photonetry (Cal).
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3 = 1 Sampling and sanmple preparation

Sampling and sample proparation procedures have
been fully discussed in chapter two (sections 2=1 and
2—2; page 16), Suffice it to say here that all the four
phosphate rock samples were obvunined in the finely
powdered form, hence naking tho laboratory treatment
of the sanmple unnecessary. However, all the finely
powdered samples were sieved Through a Twonte wire
sieve of 120 mesh size.

3 -« 2 Bample decompositicn

Procedures for deconmosirg phosphate rock sanples
have been fully developedfq’g Acid deconmposition or
fusion procedures can be cmplnye£; the choice of method
being governed by the nature of vhe constituents Lo be
determined and the analytical tcchnigues envisaged.
Digestion with hot strong ac’l is nost comnonly
employeds The use of sulphuz’~ 1~3id i3 not recommended
due to volatilisation of phosphorus wien the solution
igs strongly fumed. Nitric acid is »rzferrable and is
most comnonly used. Hydrofluomic rcid may be required
to decompose the silica, howevir., whan used, the excess
acid should be removed by rapinucd evanouration to
drynesse

Fusion with scdiun carbonate o s~diinm peroxide followed
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by extracting the melt with water can be used for opening
up phosphate rock samples. Fusion with pyrosulphate

in open crucibles or ot very high- temperatures results
in loss of phosphorus and should bo avoided.

The criteria for the choicc of an appropriate decompo-
sition procedure hove been discussed in chapter two

(section 2-2, page 16),

3 -~ 3 Analytical approach

The schene for the systemntic analysis of rocks
and minerals have been outlirs” in chapter two (gection
2«4, page 19), The chief Aifficuity in the analysis of
phosphate rock lies in the systenatic analysis, as the
separation of minor amnounts I grovrp-3 netals from the
predominont alkaline earths by the ammonia precipitation
is vitiated by the prescence of lrrge omounts of
phosphate,

Another difficulty often encountzred is in the determi~
nation of silico in the prescence of fluoride and
vice~versa. In strong ccid solution, SiFg“ complex ion
igs fermed and decomposes %o the volatile SiF4 on
heating at 2 temperature above 10000, thus giving low
results for both silice opd iluoridea

Various procedures have heen a~viesd to overcome the
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problem of chenical separations in the prescence of
_phosphéte, and in the determinetion of silica in the
prescence of fluoride. Wilson3 devised a scheme for
analysing phosphate rocks where group~3 metals are
separated by a double precipitaetion as benzoates and
calcium is sepoarated by a doublc precipitation as
oxalates, Gravimetric finishes are then employed for

the deternination of aluminiuwu, calzive ond magnesia,.
Methods for the estinofion of silica in the prescence of
fluoride have treated by Hiiiohred™ ant Naxwell.5

The determination of fluoride ig problematic in
phosphate rock analysis due to thoe prescence of not
only silica but also large anmcvats of phosphate and
caleiun. So numerous arc the preblams of chemical
separations in the analysis ol phosphatc rocks that
Hoffman and Lundell® avoided systenctic analysis and
determined each element sepornt~ iy.

In the present work, moisture ond E205 were determined
in o separate portion of the soprle. Tn znother portion
of the sample, silica, iron os Fegﬁa and alumina were
determineds Fluoride was estim~“zd soparately in one
portion of the sample by titrotior with a standerd sclu~
tion of thoriunm nitrate. Calciuw wae alsn separately

determined by flame photometry.
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3-4  Determination of moisturc and total phosphorus

As mentioned in sectioun %%, moisture and total
phosphorus as P205 were determin. .. in one and the same
portion of the sample. The moisture content of the sample
was determined by loss of weight on heating at a tempera~
ture of 110°C. Phosphorus was cstimated gravimetrically
with quinociac rcagent and colometrically by the molybdo-
vanado phosphoric acid method. The experinental procedures
are detailed in the appropriatc sections beclow.

5=le1 Determination of moisture

Moisture (HEO"), or non—essential water is generally
regarded as woter held by surfacc .coces such as adsorption
and capillary actione. It cxcludes the possible prescence
of HEO as water of crystallization. Thc moisture content
of a sample is related morc to the physical properties
and sanple treatment than to composition. The finege
of the powder governs the amount of surface area exposed
and has a great effect on the initial anount of adsorbed
moisture, but later variations in moisture content are
mainly caused by changes in humidity. It is important
that the noisture content of the sanple remain constant
during the period of the analysis,

Generally; heating at 100 - 140°C drives oif most of the

moisture and the anount of nois'mre is thus determined
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indirectly by loss of weight on the assumption that the
loss of weight on heating at the statcd temperature
range is due to moisture alone. Crucibles of platinum,
porcelain; nickel or even a glass welghing bottle can

serve for the determinatione.

EXPERIMENTAL

Apparatus
Porcelain crucible: 25-nl capacity
Desiccator: containinrgz silica gel as desiccant
Oven: Gallenkrin, temperature range,
0 - 200°C
Procedure

A clean porcelain crucible and coever was placed in
an oven and heated at 110°C for - hour, cooled in &
desiccator and weighed. The heating, cooling and
weighing was repeated to constont weight.
About 1 g of the powdered phesphate rock sample was
placed in the crucible and weighnd, thus obtaining the
weight of the sample by differcn~=. The crucible cover
was removed and the crucible and cow’ oty flaced in the

oven and covered with a 10 cn Jdiaretar filter paper.
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The crucible and content was heated at 110°C for 4 hour,
cooled in a desiccator for half an hour and weighed with
the cover on. The heating cooling and weighing operations

were repecated to constont weightb.

Calculation of percent moisture

The losgs in weight of the sample on heating at 110°%¢

weight .
equals the [/ of moisture.
Weight of crucible and sample before heating = a
Woirlit of crucible and sample after heating = b
Weight of ignited crucible - o = C
o'+ Weight of sample oo o oo = aec
and W‘eight Of mOiSture .e ¢ o ) = a - b
Hence, % moisture in sample .. .o - 2=b 4 100
a - ¢

The results obtain are given in table VI.



- 75 -

T ABLE VI

RESULTS FOR THE DETERMINATION OF MOISTURE

TN PHOSPHATE ROCK SAMPIES

rock

pr— s ~€
Sample Weight of Weight of Percent
NOe sanple (g) { moisture moisture
- (&)
h-,

FSA 1 0.8520 0.0065 0.76

Togo rock 1e 0230 0.0086 0.84
|

Senegol 0.9600 0,0065 0.68

(Thiers) 3

Niger Rep.

0.73%21 0.,0055 Q72
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3-4.2 Determination of total phosphorus

:.There are several methods for the estimation of
phogphorus in minerals, roks and ores, e..i:.c.?’8 A1l
methods for the determination of phosphorus calls for
its prescence as orthophosphate. Meta or pyrophosphates
nust be converted to the orthophosphate by appropriate
treatments such as alkali fusion or digestion with
strong acids., Phosphate rock samples are often brought
into solution by digestion with strong acids, The use
of sulphuric acid is not desirable for this purpose due
to loss of phosphorus by volatilisation on fuming.
Nitric acid is generally enmployed and preferrably alone.
Most methods for the determination of phosphorus involve
its precipitation as ammoniun phosphomolybdate and
subsequent treatment of the precipitate. In general; the
methods for the treatment of the phosphomolybdate precip-
itate can be classified into two -- those requiring a
recasonably pure precipitate of any composition and those
based on a pure precipitate of definate composition. With
regards to the first type; the most common procedure
employed is that calling for final weighing of the
precipitate as magnesium pyrophosphate. In the second
case, the methods employed include weighing of the dried

or ignited precipitate, the reduction of the molybdenunm
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and subseduent titration with a standarl permanganate
solution, or the titration of the procipitate with a
standard alkali solution. Addition of citric acid and

the use of an excess of nagnesia mixbur. can be employed
for the precipitation of phosphorus directly as magnesium
ammonium phosphate in the presccence of elements such as
caleium, iron, aluminium, titaniuvm. vanadiwn and is often
employed in the determination of tetal phosphorus in
phosphate rock samples. However, the gravimetric procedure
involving precipitation with quinccias recagent has been

torninavion of phosphorus

o

developed specifically for the 4
in phosphate rock samples.g'qo

Colorimetric procedurcs are among thoe common methods used
in the estimation of phosphorus in phosphate rock sanples,
These depend on the measurement of the intensity of the
yellow coloured complex formed by oirthophosphate,vanadate
and molybdate; or of the blue colour foracd by the
selective reduction of the orthophiosphatemolybdate complex.
Elements that form similar heteropoly acid complexes;

such as silicates, arsenates and molybdate interfere and
must be removed, In phosphate roclk samples. it is only
necessary to remove silicate by volatilisation of the
gilicon with hydroflucric acid.

Indirect spectrometric methods for th. determination of
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of phosphorus have been developed, Thege depend on the
formation of molybdophosphoric acid in an acid solution
by addition of excess molybdate. The molybdophosphoric
acid is then extracted with diethyl ether and the extract
subjected to acidic washings to remove excess nolybdate,
The molybdophosphoric acid is then decomposed by
contacting the extract with a basic buffer solution and
the resulting molybdate determined either by measuring the
absorbance of the soluticn at 2309w using an ultravioclet
spectrometer or by measuring thce absorbance of the
solution at 313%.3 nm resconance line of molybdenum

using an atomic absorption spectrometer.11
In the present work, total phosrhorus was estimated
gravimnetrically by precipitation with quimociac reagent

and colometrically by measuring the yellow colour of

molybdovanadophosphoric acid complex,

phosphorus
Fmil 241 Gravimetric determination of total/as P205

with Quimociac reagent

The gravimetric determination of phosphorus in
phosphate rock samples with quimociac reagent is very
specific, The prescence of citric acid prevents interfe-
nce from elements that do occur with phosphorus in the
rocke. The precipitate is weighed as quinoline phospho-

molybdate (09H7N)3.H

5PO4.12N003.
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FEXPRLRRINENDT AL

Apparatus
Desiccator: containing silica gel as desiccant
Oven: Gallenkamp, range, O - 200°C

Sintered glass crucible: G3

Reagents
All reagents used are of analytical grade unless

stated otherwise.

Sodiﬁm molybdate dihydrate

Citric acid monohydrate

Synthetic quinoline

Acetone

Nitric acid (Conc.)

Hydrochloric acid (Conc,)

Quimociac reagent: 70g of sodium molybdate dihydrate

was dissolved in 150 ml of water. €0g of citric acid
monohydrate was dissolved separately in 150 ml of water
to which 85 ml of Conc. HN03 was added. The solution was
allowed to cocl and then molybdate solution wes mixed to
it with stirring. To this was added 5 ml synthetic quinoline
mixed with 100 ml of watecr arnd 35 ml Conc. HNOB dropwise
with stirring. The resulting solutiorn wns allowed to
stand overnight before filtering through a Whatman No 40

filter paper. The solution was then mixed with 200 nl
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acetons and diluted to 1 litre with water to get the
reagent ready for usce. The reagent was stored in a

polythene bottle,

Preparation of sample solution

About 1g of the dried (moisture free) sample was
accurately weighed and placed in 2 250 nl beakers To this
was added 20 ml digestion acid (four parts 131 HNO5 to
one part HCl) causing effervescence followed by libera=-
tion of light brown fumes. The beaker was covered with
8 watchglass and heated to moderate boiling on a hot plate
until the brown fumes ceased to evolve. The mixture was
cooled to room temperature, diluted with water and then
filtered., The solution was transferred to a 250 ml

volumetric flask and the volume adjusted to the mark.

Procedure

25 nl of sample solution was taken in a 500 nl conical
flask, diluted to about 100 mls with water and added 50 mls
guimociac reagent by means of a pipette. The flask was
placed on a hot plate; the contents boiled for 1 minute
and allowed to cool to room temperature by constant
shaking. The yellow precipitate was filtered through a
sintered glass crucible, GB; using sucti~-n, The precipitate

was washed five times with 20 mls portions of water while
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2llowing it to suck dry between the washings. The
crucible was dried at 200°C for 1 hour in an oven
and then allowed to cool in a desiccator. The
precipitate was weighed as quinoline phosphomolybdate

to constant weight.,

Calculation of percent P205 in sample

Weight of precipitate, (09H7N)3.H3P04.42M005,‘in
the 25 ml aliquot portion of the solution = b,
then the weight of P205 in the same aliquot
portion of the sample solution is obtained
by nultiplying the weight of the precipitate
by a factor of 0,03273,
e s Weight of P205 in 25 nl aliquot portion
of the sample solution ,. ae .o = b x 0,03273

and, weight of P205 in 250 nl of sample

SOlution ] - e .0 - e - b 2 O. 3275
If the weight of sample taken so s = @
then, percent P 0g .o .o .o .o b x 32475
a

The results obtained are given in table VII,
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TABLE VIL

RESULTS FOR THE GRAVIMETRIC DETERMINATION OF

TOTAL PHOSPHORUS AS P205 BY PRECIPITATICN

WITH QUIMOCIAC REAGENT

Sample No. Weight of Weight of % PO

sample (g) | Pp0g (8) i

Togo rock 1.,0005 0.0%65 36450

FSA 41,0038 0,0%61 35494

Senegal 08367 0.0287 33,80
(Thiers)

Niger 1.045% 0.0287 27 U3
Republic.
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3=l4e2.2 Colorimetric deternination of total

phosphorus by the molybdovanadopho-—

sphoric acid method.

The colorimetric determination of phosphorus
by measuring the colour of the nolybdovanadophosphoric
acid@ complex has been discusscd in detail in chapter
two; section 2-6.1 (page 47). Suffice it to mention
here that the saumple solutionsg prepared in the previous
section were used for the determination. Silica was
removed by bolling the solution with concentrated
perchloric acid, This operation also eliminates inter-
ference from iron (III).,12
Because rock phosphates contain considerable amounts
of phosphorus the method entails extreme dilution of
the sample solution to bring it into the proper

concentration range for coleorimetric measurement,

EXPERIMENT AL

Apparatus {

:
Spectrometer: Spectronic - 20 instrument.
Reagents

All reagents used were of analytical grade unless

stated otherwise.
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Nitric acid (Conce.)
Perchloric acid
™ .
Ammoniun molybdate (5% /V): Prepared as in chapter
| 1, section 2-6.1
. , ™/ .
Ammonium vanadate (0.25% ‘N): Prepared as in chapter

1, scction 2-6.1

Procedure

5 nl of the somple solutions prepared in section
Belk, 2,1 (FSA 1; Togo and Senecgal rock samples only) was
pipetted into a 100 ml beaker. About 5 mls of perchloric
acid were added, boiled; cooled, transferred to a 100 ml
volumetric flask and nade upto the nork with water. 25 ml
of this sclution was pipetted into a 50 ml volumetric
flask and made upto the mark with water,

5 ml of the Niger Republic phesphate rock solution
(prepared in the previous section) was pipetted into

a 100 ml beaker., 5 ml of perchloric acid was added and
the mixture boiled to fumes of perchloric acid, cocled,
transferred to a 100 ml volumetric flask and made upto

the mark with water.

25 ml of these diluted solutions were taken, neutralized
with acqueous ammonia and transferred to 100 ml volumetric

flasks. 5 nl of Conc. HNO5 was added to ecach flask and the
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/carricd out as previously described (see chapter two,

Bection 2"‘6.1’ rage 47).
The concentration of phosphorus was obtained from the

calibration curve (Fig. 2, page 51).

Calculation of percent Pafi

Let the amount of pheosphorus per 100 ml

of the 25 ml aliquot solution as obtained

from the calibration curve .. ,e = b ng

Then the amount of phosphorus in the

F3A 1, Togo and Senegal rock samples = 100 x b ng

and the amount of P205 in these

samples (see sec. 2-6,1, poge 53) =100 x b x
2,2912 mg

and the percentage of P205 in these

Sa.mples *n .s P . se = 100 x b x 2.29,‘23{ 100

a8

where o is the sample weight in mg.

Similarly, the percentoage of P205
100 x 50 x b x 2,201

in the Niger Republie rock sanple
. . N

The results obtained are given in table VIII.
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TABLE VIII

RESULTS FOR THE COLORIMETRIC DETERMINATION

OF PHOSPHORUS AS P205 BY THE MOLYBDOVANADO-

PHOSPHORIC ACID METHOD.

Sample No. |Weight of Absorbance % P205
sample (g)
FSA 1 10038 0«19 3646
Togo rock 10005 0619 367
Senepal 0.8%67 0415 Bl 2
(Thiers)
Higer 1, 0453 0430 274
Republic
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3 -5 Determination of silica, total iron and alumina

As mentiongd in section 3-3, silica, total iron as
F9205, and alumina werc determined in one and the same
portion of the sample.
Silica was estimated first. After the separation and
estimation of silica, the filtrate was subjected to
ion-exchange scparation. Two fractions were collected for
iron and aluminiume, Iron was estimated colorimetrically
by the ortho-phenanthroline method and aluminium was
determined colorimetrically by measuring the absorbance
of the oxinate in chloroform. The details of the
analytical techniques employed are discussed in the

appropriate sections below,

3=-5¢1 Determination of silica

Methods for the determination of silica in rocks
and minerals have been discussed in chapter two, section
2=5.2 (page 23), The main problem encountered in the
determination of silica in phosphate rock samples
arises due to the prescence of fluoride. When a solution
containing silica and fluoride is made strongly acid, a
strong complex, SiF62' is formed., On raising the tempera-
ture of the solution to above 100°C the complex decompose=

to form silicon tetrafluoride (SiF4) which is volatilized.
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Consequently; low results would be obtained if either
silica or fluoride is being determined.

Numerous methods have been developed for the determination
of silica in the prescence of fluoride. Fusing the sample
with boric oxide or sodium tetraborate provides boron
which ties up the fluorine as boron trifluoride (BFB)

and minimises leoss of silica by volatilisation.

Berzelius ochieved a separation of silica from fluoride
by precipitating the silica in a variety of ways in
alltaline solution. Some inscluble gilicates are formed
during the leaching of the alkaline fusion cake and are
removed by filtration. Some soluble silica is separated
by precipitation with ammonium carbonate and the rest
with ocmmoniacal ZnO, |

Hoffman and Imndell modified the Berzelius method by
gubstituting the use of ammonium carbonate with Zn (ITI)
and introducing the usc of A1 (III) in the final recovery
of soluble silica.

Shell and Craig ® roecivionicd fusion with & mixbure of
Zn0 and Na2005 and the estimation of the residual

silica spectrophotometrically. she1l reported that
s8ilica can be estimated without separating fluorine in
the prescence of large omounts of AL{TIIT).

CO5, WayB,0, and

Czech et 3115 recommended fusion with Na 2B,,0ry

2
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A1205 for the determination of silica in the prescence of
much phosphote and fluorine,.
In the present work, silica was determined by employing

the Hoffman nd Lundell modificaticn of the Berzelius

method,.
EXPERIMENTATL

Apparatus

Platinum c¢rucible: 25-nl copacity

Porcelain dish: 250-ml capacity

Desiccator: Containing silica gel aos desiccant

Oven: ' Gallenkanp, temperature range,
0 - 200%¢

Muffle furnace: Carbolyte, temperature range,
0 - 1200°%

Reagents

All reagents used were of analytical grade unless

stated otherwise.

Sodium carbonate (anhydrous)
Sodium corbonate (2% m/\l)
Zin¢e Oxide
. . : V/
Dilute nitric acid (50% "\)
v
Dilute nitric acid (10% V)
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Diluts nySroshlonts aeid (58 VAD

Concentrated hydrochloric acid (12 N)

Concentrated sulphuric acid (18 N)

Hydrofluoric acid (48%\,/\[)

Amnonium carbonate

Ammonium hydroxide

Methyl red indicator: dissolved 0,02 g of the frec acid
in 100 ml of hot water, allowed to

cool and filtered.

Procedure

About O.5g of the powdered phosphate rock sample which
haos been previously dried at 110°C was accurately weighed
into an ignited and weighed platinum crucible. It was
thourcughly mixed with 5g Na2005 and fused over a llecker
burner, The cake was cooled, transferred with water to a
250 ml porcelain dish and heated on a water bath until
disintegration is complete. The platinum crucible was
ignited, weipghed and reserved for later usec,.

The contents of the porcelain dish were filtercd through
o. Whatman Noe. 41 filter paper into a 600 ml bezker
keeping the bulk of insoluble material in the dish. The
residue was transferrcd back to the dish with o jet of
water. 50 mls of NaECO3 (2% m/\() was added and the

contents boiled for a few minutes. The solution was
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filtered through the same paper and the dish and residue
throughly washed with hot water, The filtrate and washings
were combined with the first filtrate and the residue (4)
reserved for the determination of silicue

To the combined filtrates was added a solution of g

Zn0 in 20 mls dilute HNO, (10 VAP, boiled for 1 minute
and filtered through a Whatman No. 471 filter paper. The
residue (B) was throughly washed with hot woter and
reserved for silica determination.

To the combined filtrate and washings wes added o few
drops of methyl red indicator, nearly neuitralized with
HNO5 ond evapourated to about 200 mls on a hot plate
making sure that the solution remained alkaline during
the evapouration. After cooling, dilute HNOz (BOﬁ‘VAV)
was added dropwise until a pink colour just appeared,

A solution of 1g ZnO in 20 mls of water crnbaining 2g
(NH4)2003 and 2 mls NH,OH was added ond boiled in a
covered porcelain dish until zcmmonia gas ccased to evolve.
The solution was diluted by odding 50 mls of warm water;
stirred, allowed to settle for a few ninutes and filtered
through a Whatman No. 40 filter paper. Thz residue and
dish were throughly washed with cold water. The filtrate

-t

was reserved for the estimation of ire -7 olaminiun

and the residue (C) reserved for silica detcrninatione.
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The residues A, B and C werc washel with a jet of dilute
HC1 (5%\JAJ) into a 250 ml porcelain dish, The filter
popers were ignitced in the plabinuwm crueible and the
residue obtained added to the contents of The dish. =
25 mls of conce HCl were added and the silica separated
by a double dehydration as previously dcesceribed in
chapter two section 2-5.2 (page 259). However, -10 nls
HESO4 (16 N) were added to the filtrate from the first
dehydration and cvapourated to fumes of sulphur trioxide.
This was due to the prescence of considernble Zn012

which is dried only with difficulty in the abscence of
considerable amounts of silicn. The filtrate was reserved
for the determination of iron and aluminium.

The geparated gilica was ignited in thce platinum
crucible and treated with HQSO4 and HI' and the amount

of silica obtained by loss of weight as descibed in

chapter two section 2-5.2.

Caleculation of percent silica

The weight lost during the hydroflucric acid Treatment
equals the weight of silica,
Percent gilico in sample was calculated from the relation,

. _ a=D>b
% 810, =

w
The results obtained ore given in table IX.

x 100 (560 page 27).
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TABLLE TIX

RESULTS FOR THE GRAVIMETRIC DETERMINATION

OF SILICA BY THE METHOD OF HOFEMAN AND

LUNDELL,

Sample Noe Weight of Weight of | % 8i0, '
gample (g) silica (g)

FSA 4 0, 4416 0,0152 B4
Togo rock 0,5000 | 0,0163 %925
Senegol 046213 0. 0509 819
(Thiers) a
Niger 0. 4122 0.,0166 4,02
Republic
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3 = 5.2 Preparation ¢ the solution aad ion-exchange

geparation fcr the desers’ration of total

After the separction and determination of silicc,
the course followed by the onalysis is the estimation
of total iron and alumina. The problem of chemical
separabions to bring iron ond aluninium into favourable
environments free I[-om interference for their estimation
have been fully dzu’ %t with in chapter two, section 2=5,3
(sec page 29). Suffice it to sey here that anion exchange
separation, the theory of which has been previously dealt
with, was employed for the separation. On passing the
sample solution in 10! HC1l through an anion exchange
column, phosphorus as orthophosphate and aluminium are
not adsorbed by the resin, but iron(III) is retained by
the resin. The iron(III) fraction can then be eluted
with water and the aluminium separated from the phosphoius
and other interfering elements by extracting the oxinate

into chloroforme

EXPERIMENTAL

Apparatus

Platinum crucible: 25-ml capacity
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Hot plate:

Ton~exchange column

Reagents

Gollenkamp, tewmperature range, 0—25000

All recgents used were of analytical grade unless

stated otherwise.

Sodium carbonate (enhydrous)

Sodium peroxide

Concentrated hydrochloric acid (1OM)

Amberlite IRA 400 (C1™ form;

exchonge capacity-3.9 mmol

per gram of dry resin).

Preparation of ion-exchange column

The anion exchange column was prepared as described in

chapter two, section 2-5.3 (page 32).

Preparation of the solution for ion-exchange separation

The residue left in the platinum crucible after the

volatilisation of silica was
mixture of about 0.5g Nagco5
was allowed to cool and then
hot dilute HC1 (50% v/\l). Tt

plate until a clear solution

carefully fused with =2

and O.1g Na202. The nelt
taken up with 15 mls of
was then heated on a hot

was obtained. The solution

was added to the combined filtrates and washings from the

separation and determination

of silicay ond evapourated

on a hot plate to about 30 ml, About 30 mi of Conc. HC1
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was added and again'evapourated to obout 10 mls on a Lot
plate, 20 mls of 10M HC1l wes added to this and the

resulting solution kept for the ion«exchange separation.

Procedure

The solution prepared was passod through the ion~exchanse
column at a flow rate of 2 ml per minute. The column
was washed four timeg with 50-mls portion of 10M HCL
maintaining the same flow rate and the effluent caught
in a 400 ml beaker. This fraction was kept for the
determination of alumina.
To remove the iron(III) from the column, 150 mls of
water was passed through it. The breakthrough for iron
was shown by the appearance of a yellow effluent solution
through the column. The iron fraction was recieved in

a 400 ml beaker and kept for the estimation of iron.

3 = 5,% Determination of total iron

The separation and determinatien of iron has
béen discussed in chapter two, section 2-5.4 (page 35).
Suffice it to say here that in the present work, the
total iron in the phosphate rock samples was determined
colorimetrically by the ortho-phenanthroline method.
Ortho-phenantroline is an organic base and reacts

rapidly with iron(II) to give an orange red catiocnic
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complex over o wide range of pH, 2 ~ 9. ‘

In the estimation of total iron by this method, iron(III)
hags to be reduced to iron(Ii}. Hydroxylamine, ascorbic
acid and other reducing agents can be used for this
purposc. The main problem encountered in the colorimetric
estimation of iron in phosphatc rocks have been outlined

by Wilson.®

These arise chiefly due to the formation and
precipitation of iron(III) phosphate under the weakly

acid conditions often employed. Wilson overcame this
problem by employing ascorbic acid as the reducing agent
and buffering the solution with chloracetate huffer and
substituting 2,2~Bipyridyl in place of hydroxylamine as
the colour developing agent. In this way, the precipita-
tion of group-3 phosphates can also be prevented. Fluoridc
do not interfere in the colorimetric method when the pH

of the solution is fess than four,

In the present work, ortho-phenanthroline was employed

as the colour developing recagent and acetate was used to
buffer the solution to the appropriate pH value. Interfe-
rences that can occur due to formation and precipitation
of iron(III) phosphate and possibly group-3 phosphates

was taken care of by the anion exchonge separation carried

out in the previous section. Hydroxylamine hydrochloride

was used to reduce iron(III) to iron(II).
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LXPERIMENTAL

Apparatus
pl neter

Spectroncter: _ Spcetronic~20 instrument

Reagents

A1l reagents used were of analytical grade unless

atated otherwise.

Hydroxylamine hydrochloride (10%'"(%, freshly prepared)

Sulphuric acid (Conc.)

Ferric alum

Podiun acetate (25% WVV)

1;10—Phenanthroline (O.25%j?V)

Ammonium hydroxide

Standard iron(III) solution (Mmg/ml): 8.6350g of ferric
alum, FeNH4(SO4)2.12H20, wag dissolved in water
containing 5 ml conc. Hgﬁo4 and made upto the mark

in a litre volunetric flask -iith watere.

Preparation of calibration curve

To a geries of 50 ml volumetric flasks, aliguots of
the standard iron(III) solution were pipetted to give
solutions of 0,10, 0,20, 0.30, 0,40, 0.50 and 0.60 mg

iron(ITII) /100 mle. The amount of sodium acetate
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requiredtfo bring the pH of the solutions to 3.5 was
determined in o separate solution using a pH meter. The

pH of the standard solutions was then adjusted accordinglr.
2 ml of the hydroxylamine hydrochloride solution and

1 ml of the 1,10-Phenanthroline sclution was added.

After allowing to stand for 1 hour, the solutions werc
nade upto the mark with water and shaken. The absorbance
was measured at 512 ™ against a reagent blank using
Spectronic~20.

A calibration curve was obtained (Fig 3) by plotting

absorbance against concentration.

Procedure for the determination of iron

The fraction from the ion-exchange separation was
evapourated to about 15 ml on & hot plate, Ammonia
solubion was added dropwise until the solution was
8lightly acidic. The solution was transferred to a 4100 ml
volumetric flask and made upto the mark with water.

5 ml of this solution was pipetted into a 50 nl volumetric
flask. The oamount of sodium acctate required to bring

the pH to 3.5 was determined separately on a separate
portion of the samplc solution. The pH of the solutions
were then adjusted accordingly. The orange red colour

was developed as previously described and the absorbance

measured at 512 wm against a reagent blank.
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Calculation of percent Fe 0,

The concentration of iron in the 5 ml aligquot portion
of the sample solutions in mg/100 ml was obtained from
the calibration curve (Fig %). If 'a' is the value obtoin .
ed, then the percetage of FeQO5 in the samples (with the
exception of Niger Repe. sample) is given by the relation:

[rid —_ A
% Fe205 = a X 1431 x 100

sanple weight (ug)
where, 1.431 is the conversion factor from Fe to F9205°
For the Niger Rep. sample the relevant expression isj

feld - X
@ F6205 = 2 X a x 1.4%1 x 100

sample weight (mg)

The results obtained sre given in table X,
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TABLE X

- =

RESULLS FOR THE COLORTMETRIC DETERMINATION OF

IRON AS Fego5 BY THE 1 ,’iO-PI.EI‘IMITHROLINI‘J
METHOD

- - Sample
Somple Noe s % Fe~0

weight (2) Absorbance % Pe2 3
FSA 1 0.4416 0426 165
Togo rock 0.5000 0.28 Tee
Hemegal 0.6213 0435 o2
(Thiers)
Niger 04122 0436 347
tepublic i

]
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3=5,4 Determination of alumina

+ Methods for the separation and determination of
aluninium have been treated in chapter two, section 2-5.5
(page 40).

The dotermination of aluminium in phosphate rock by
precipitation as the oxinate from ammoniacal solubions

17

haove been treated by Wilson.

18 has described a procedurc for the rapid complexo-

Evans
metric cstimation of aluminium in rocks and ninerals that
involves no prior separation of interferring elcements.

In the present work, aluninium was estimated colorinetri-
cally by measuring the yellow colour of the oxXinate in
chloroform. The aluminium fraction from the ion~exchange
separation was evapourated with perchloric acid to
eliminate interferecnce from fluorine, the later being
volatilized as hydrofluoric acid. Any fluoride remaining
in solution was complexed by the addition of Be(II),
FThosphate deoes not interfere as it is not extracted by
oxine. The use of oxine in the colorimetric determination

of aluminium has already been discussed (see page 31),



Apparatus

pll meter

Spectromcter: Spectronic~20 Instrunent

Reagents
A11 recagents used werc of analyticol grade unless

stabted otherwise.

8uﬁydroxyquiniline (Oxine; E%W%&): 2g -of 8-hydroxyquinc-—
; - line was dissolved in 100 ml
| of spectroscopic grade chlorofor:.
Potassium eysnide (15%IN/V)
Sodium sulphite (20% W/V)
Tortaric acid (10% /)
Perchloric acid (Conc.)
Dilute sulphuric acid {(0.01N)
Ammoniwm nitrate
Hydrogen peroxide (1&%\JAJ)
Beryllium sulphate (4% hVV)
frocedure
The aluminium fraction from the ion-~exchange separatiom
(sce scetion %3-5.2) was concentrated to about 15 nml on

a hot plate, About 10 ml of perchloric acid was added

anG the solution evapouratced to dryness. Another 10 ml
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of perchloric acid was added and the resulting solutbtion
again evapourated to dryness. The residue was dissolved
in 5 ml perchloric acid and 25 il water with hcating
and stirring until a clear solution was cobtaaned, The
solution was transferired to a Litre velumetric flask
and made upto the mork with water,

25 ml of these final solutions {12.5 ml wag taken for
the Niger sud Joenegal scaples)  was pipetted into a

200 ml beaker. 2 ml of tartaric acid, 1 ml of hydrogen
peroxide and 2 ml of beryllium sulphate solutions were
added, The solution was allowed to stand for 5 minutes
and then 5 ml of the sulphite solution was added. After
standing for a furthcr 3 minutes, 10 mls of cyanide wewe
added and the solution heated to about 70 - 80°C and
then cooled to 25°C, Finally; 2% of ammonium nitrate was
added and the pH adjusted to 9 by dropowise addition of
ammonia solution using a pl meter.

The extraction of the oxinate amd the colorimetric
measurement was carried out as previously described

(see chapter two, section 2-5,5, page 42).

The concentration of aluminium in mg/100 ml for the
aliquots of samplce solutions taken was obtained from the

calibration curve (Fig. 1, page 44),
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Calculation of percent A1205

The percentage of A1205 in the phosphate rock samples
was calculated from the relations:

a. For FoA 1 and Togo samples;
% AL.O 10 x a x 1.88 x 100

273 -
sample weight (mgz)

where,

a = the concentration in mg per 100 ml

]

of the aliquot of sample solution taken,

and  1.88 ig the conversion factor from Al to AlQan

b. For Scnegal and Niger Republic samples:

% Algoa - 20 x a X 1.88 X jgp

sample weight (mg)

The resmlts obtained are given in table Xl.
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TABLE_ XI

- - e

RESULTS TFOR I COLORTMZTRIC DETERMINATION

OF ATANINIUM AS A1.0,
e 2

e el 2 el 8 -

BY THE 8-~HYDROXYQUI-

R —— -—

NOLINE MaTHOD.

Sample Noe Weight of Absorbance % A1205
sample (g)
FOA 1 0. 4416 0668 1450
Togo rock 045000 1.08 210
Sonegal 0.6213 0,76 2.39
(Thiors)
Niger
Renubliec 0.4132 0.62 5400




%z - 6 Determination of fluoride

The problems encountered in the determination of
fluorine in rocks snd minerals have been discussed in
sections 3-3 and 3~5,1 (pages 68 and 85). These arise
chiefly due to the occurance of appreciable amounts
of fluorine in the prescence of silica. Virtually all
methods for the determination of fluorine are subject
to many interferences and as sueh the separation of tho
fluorine is the first step in its cstimation. This is

generally achieved by steam distillationqg’go

, pyrolysig
or more recently by ion-exchange. Once fluorine is
separated, the deternination nmay be deone by a variety

of titrimetric, colorimetric or gravinetric methods.
Ho:uc"c;ongfI has given an extensive review of the methods of
determination of fluorine,

In the present worlk, separation was carried out by

steam distillation, On heating the sample with one or
more acid while steam is being passed through the
mixture, fluorine is evolved as a mixture of Bil'y, and

HF and is collected in the condensate. Generally,
sulphuric and perchloric acids are most freguently usod;
with the later being the least troublesome, The optimuil
temperature for the distillation ranges from 125 -~ 150°C,

In general, most of the fluorine is collected in the
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first 50 mls or so of the distillate, but the prescence

of such e¢lements as aluminium necessitate that a larger
volume of the distillate be collected, This is becausc

Al is thought to form a strong complex with fluorine

and so retards its rccovery. The fluoride in the distillobs
was then cstimated by titration with & standard solution
of thorium nitrate using alizarin indicator, The pH of

the solution should he kept constant at about 3-3.4. Thia
is achieved by using sodiunm monochloroacetate buffer.

4 blank determination is usually necessary or alternativol:
the sodium nitrate solution can be standardised against

Inown amounts of fluorine,

EXPERINENT AL

Apparatus
Steam distillation set-up.
Reagents
A1l reagents used were of analytical grade unless

stated otherwise.

Sodium hydroxide solution (1M)
Hydrochloric acid (Q,1M)

Ammonium fluoride

Thorium nitrate solution (0.014)
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Perchlori scid (66%‘444) S

Monoehloroacetic acid~sodium hydroxide buffer: 3.9240g
of monochlorecacctic acid and O.8g of
sodium hydroxide were dissolved in water
and madce upto the narik in a 100 ml

_ volunetric flaslk.

Phenglpthalein indicator: Re-crystallized the reagent
from ethyl alcohol and dissolved Dy of
the purified product in 400 ml ethyl
alechol and diluted to 500 ml with water.

Alizarin indicator (1%'M/Q): dissolved 1g of sodium

alizarin sulphonate in 100 ml of water,

Standardisation of thorium nitrate solution

0.1951¢ of NH,F (previously dried at 110°C) was
accurately weighed and transffered with 15 ml perchloric
acid to a steam distillation flask. Distillation was
carricd out at 125 - 45000; tho temperaturc being
maintained within this range by reguloting the supply
of steam from the stecam generator, and boiling chips
were added to the distillation flask to avoid bumping
and maintain steady beiling. The distillate was recieved
in a 500 nl beaker, Distillation was continued until

150 nl of distillate was obtained,
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To the distillate was added a few drops of phenolpthalcin
indicator and titrated with 41 NaOH solution until just
alkaline. The solution was transffered to a 250 nl
volumetric flask and made upbo the mark with water. A

50 ml aligout portion was pipetted into 2 titration
flask, 5 drops of alizarin indicator was edded and O.1M
HC1l was added dropwise until the pink colour of the
alizarin indicator was discharged. 2.5 ml of the monociilo-
roacctic acid-sodiun hydroxide buffer solution was adied
and the solution titrated with 0,01 thorium nitrate
solution to a faint pink end point,

The average titre reading obtained was 15.20 ml.

Hence,
1 ml 0,01 Th(N05)4.6H20 = 1.3160mg ¥~

Procedure

About Sg of the finely powdcred phosphatc rock sample
(previously dried at 41000) was accurately weighed and
transfiered with 15 ml perchloric acid to a stecam distill-
ation flask. Distillation was carried out as previously
described. About 150 ml of the distillate was collected,
and titrated with 1M NaOH solution using phenolpthalein
indicator until just alkaline. The solution was transffcird
to a 250 ml volumetric flask and made upto the mark with

water. A 50 ml aligout portion was taken and titrated
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with the standard thorium nitrate solution as previously

described,.

Calculation of percent F~

Volume of 0.01M Th(NO3)4.6H20 required for

the 50 ml aliquot of samplc soluion .. = a ml

sample weight (mg)

The results obtained are given in table XII.

. — e e

e ——— .

Sample No. Sample Titre o 5=
weight (g) |value (a nl)
TSA 1 04104 2,40 3.85
Togo rock 044000 5.80 -
Senegal
I P
(Thiers) 0.5000 4490 6ot
Niger
o -
Republic 0.6332 6400 6423
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The analytical chemistry of caleium has becn
discussed in detail by Turckian et al.>~ Tn general,
calcium is separated as the oxalate (Caceoq.HEO) by
neutralizing with agueous ammenia an acid solution
containing the calcium and ammonium oxalate. The calciu
can then be determined gravimetrically as the carbonatbe
or oxide or titrimetrically by dissolving the oxalate
in dilute H2804 and Titrating with a standard solution
of KHnO,, _

The determination of cacium by flame c¢mission photometry
i8 rapid but not easy., The chief source of difficulty
appears to lie in the anionic supressicn of the calcium
cnission line by sulphate, phosphate and aluminate.
Stone and Thomang overcame this difficulty by removin:
R203 group by a double precipitation with agueous ammonio
prior to the determination. Releasing agents such as
lonthanum or strontium can be employed to eliminate

the depressive effects of £0,%7, 0,2 cte.

In the present work, calcium was estimated on a separatc
portion of the sample by flame photometry. The depressicn

of the caleium line due to prescence of appreciable

amount of phosphate was eliminated by carrying out
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ion-exchange scparations. Calcium can be separated fron
PO45“ by means of a cation exchange resin, Ca2+ would
be retained by the resin but not the PO, Weakly basic
anionic sxchangers can be usceéd for the same purpose, in
which case POQB— is retained by the resin and the eluxtc
analysed for calciuiie
In flame photometry, a solubtion of the test sample is
drawn into the flame region of a flame photometer by
aspiration where it is desolvated, evapourated and
atomized., The atomg then undergo electronic excitaticn
due to thermal collision with moleculecs and radicals
of the flame gases. During collison, the transfer of
thermal energy involves conversion of internal vibra~
tional energy of the flame melecules to electronic
energye. The excited atons then emit radiation equal to
the difference in energy from the higher to the lower
level, that's when,

E = hv
The intensity of the emitted radiation is determincd
by the number of atoms in which identical transitions
oceur simultaneously, hence it depends upon the
concentration of the solution. The emitted radiation is
rasseé through an appropriate filter or monochrometer

which selects the desired spectral feature and reject



backoround radiation and other spectral interfercnces.
Hence, correclation of the emission intensity with
concentration of test substance in the solution spray
forms the basis of guantitative determination.

In the present work; calcium was separated from phosphate:
by anion exchange separation and then estimated by

flame photometrye. The procedure has the disadvantage thot
wcessive dilution of the sample solubtion has to be done
to bring the calcium ion concentration within the optinzuw.
concentration range of 1 to 10 ug/mle Lanthandm was

added to ensurc ccenmnplete elimination of depression of tho
calcium signal, The lower sensitivity of the method is
0.017 and comparcs favoursbly with other methods of

0 - 1% range.

Apparatus
Ilame photoneter: Corning-Ecl; with caleium filte.:.
Reagents:

A1l reagents usecd were of analytical grade unless

stated otherwise,

Sodium earbonate (anhydrous)

Sodium percxide
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Lanthonum nitrate (AN)

Amberlite IR,B (C1™ foxn)

Ammonia solution (2N)

Dilutec hydrochloric acid (2H) |

Standard calcium solution (ing/nwl): 3.6681g of
rcagent grade calcium chloride dihydrate (CaClg.BHEO}
was dissolved in de-~lonizeé water, transferred to a
litre volumetric flask and made upto the mark with

de-ionized water.

Preparation of calibration curve

Aliquots of the standard caleium sclution were
pipetted into labelled 100 il volumetric flasks to give
solutions of 1.0, 2.0, 3,0, 4.0, 5.0 and 6.0 mg per
100 ml, 2 ml of the lanthanum nitrate solution was
pipetted into cach flask, and made upto the mark with
de=ionizod water.

The flamc photoueter wéé 1it and air turned on and
adjusted to ﬂOﬂb/in2. Water was sprayed and the gas
flow adjusted to give well defined blue cones. The
calcium filter was fitted., The full scale was set with
the 6.0 ng/100 ml calcium top standard and zcro with

de~ionized water, The intermediate calibration standar’

!

were then sprayced, noting the readings and checking thio
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full scalc and zero frequently. Fron the readingsy a

calibration curve was prepared, Fig. e

Procedure for the determination of calcium

a. Prepargtion of ion-exchange colummn:

Resin: Awberlite TR 47 (€17 form)
Copacity, 75 wcq/g. :
Column height, %0 cn. |
The resin was converted to the C1T form by passing
2% HCLl through the column and then washed with de-ionizold
water to nuetrality (bromophenol bluc).

be Preparation of sample solution:

About 3.0g of the phosphate rock powder (previously
dried at 110°C) was fused with a mixturc of 4g Nagcoa
and g Na,04s The cake was taken up in de-ionized watew
to which 10 ml of 27 HC1l has becn added, The clear solulb’:
was transferred to a litre veolumetric flask and madc

upto the mark with de~ionized water,

ce Operating procedurc:

25 ml of the sample solution was taken and neutralizo’
with ammonia solution (bromophenol blue). The slightlyr
acidic solution was then passed through the snion-cxchor~
column at the rate of 2 ml per ninute., After washing thco

colunn, the eluate was concentrated to about 50 nl and
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transferred into a 100 ml volumetric flask. 2 ml of thu
lanthanun nitrcate solution was added and the solutioin
nade upto the mark with de—-ionized watere. Readings werv
takon on the flame photometer 48 previously dcscribed.
The concenbration of calcium in vhe 25 ml aliguot of
sasiple solution was obtained from the calibration

curve (Fige e

caleulation of percent Cal

If 'a' is the concentration of calcium in the
25 ml aliquot portion of the sample solution in
ng/4100 ml, then the nunber of ng in the 1 litre of
sample solution = a X 40,
The percentage of Ca0 in the sample was then calculated

from the relation:

% ca0 = a x 40 x 1. 3992

x 100,
sample weight (ng)

where, 1.3992 is the conversion factor from Ca to Cal.

The results obtained arc given in table XIIl.



TADLE ZILT

RESULES FOR THE PLAME PECTCHBTRIC DETERMINATICHN

OF CATCTUM A GaO T FROSPEATE ROCK SAMPLES.

sample (g) rcading
T 043059 35 5243
Togo rock 03002 %3 5262
Senegal : ]
(Thicrs) 003520 35 4641
b
Niger 0.3000 30 9.9
" Republic
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CHAPTER IV

RESULIS AND DISCUSSION

g

In this chaptor; the results of the analytical studics
of iron ore and phosphate rocks are presented. Table XTIV
(sec poge 122) summarises the analytical results
obtained for the analysis of the iron ore sanple fron
XV (see page 130}
the Agbaja plateau in Kwara Statec. Table/ is a conplle
tion of the results of the phosphate rock samples studioc.
The iron ore sanmple and the phosphate rock samples are
then graded according to set specifications for the
nanufacture of stcel and phosphatic fertilizers respecti
vely (scc Appendices IT ond IV).
Finally, some conclusions arc drawn fron the results o

the analysis and somc suggestions mnade for futher

investigation,

4 —~ 1 Results for the analysis of iron ore

The results obtained for the analysis of the irco
ore sample arc given in table XIV, These include the

percentage of the following constituents, namely,



Si02; FCZOB;

RS
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A1205; P205 and B

T ABLE XIV

mrin it T e

105 FOR TUE AVADYSIS OF IRON ORE

Aty e L "

AVARAGE

%gfpie % Fe,05 |% 510, % KL,0; |# P0g | B8
I 02,40 | 6420 | 7460 2.67 0.1%
1 00.50 | 6.40 | 7.60 2.8l 0415
111 93.10 | 6435 | 760 2,80 041
02,00 | 6.32 | 760 2,77 0.1%
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4-1,1 Discussion of results for the analysis of iron

ore samnple

The results obtained compare well with that
obtained by Jones (scc Appendix I; page 132 ).
The characteristic featurcs of comrercially preffercd
iron ores for the manufacture of steel have becen discus!
proeviously (scetion 1-1,3, p3-6), and oppendix IT
(page 133 ) gives the desirced specification of a high
grade iron ore for the nsnufacture of steel,
The results of The analytical study of the iron ore sanpi.
reveal that the iron ore of the Agbaja plateau is hipgh i
‘FGQO3 (72%). While a high grede ore is considerecd to
have an Fe205 content of between 85,8 -~ 97.2%, any orc
containing about 37,2% F0205 is considered fcecasible
for the manufacture of stecl (sce page 4).
The orc has a silica content of 6.32% and compares well
with the value specified for a high grade ore(Apnendix ITY
The ore is high grade with respect to P205 (2,77%) as
tlhie specified value of percent P205 is 2'5%max°
The orc has a low & content (0.13%), a property desirabl
in iron ore samples as much sulphur causes objectionablc

properties in steecl,
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The alunina contont of the ore is high (7.60%), and thig
is an undcsirable property. Alumine, like silica is 2
glag forning constituent in the blast furnace process
and as such a high gradce irvon orce shouwld conbain less Tio
1% aluning,
In conclusion, it can be said That from the results ox o ..
analysis, the iron ore of the Agbaja plateau is a good
grade ore., Its one objectionable property is its high

alunina content.

4-1.2 Sugeestions for further work

[ S N T Yy

Any recomnendations with rogards to the use of the
ore studied for the nanufacturc of steel would have
corne a decade too late., The c¢stablishuent of an iron and
stecl industry in Nigeria that would neke use of the
Agbaja iron stones have been the subject of intense
negotiations by all the governnents of Nigeria since
independence, Presently, coniracts have becn awarded by
the Federal Governnent for the construction of two stec?
plants in the country that would nake usc of the iron
ore of the Agbaja plateau. Bo far a sun of five hundred
nillion naira have bHecn commitoed for the blast furnace
plant at Ajaokuta in Kwara statc and four hundred and
fifty million naira have heen ceonmited for the direct

reduction plant at Aladja in Warri, Dendcl sbatc. It ir



cxpected that more than threc billion naira would be
spent to get the two steel plants to take off.q
s there are other ore deposits in the country, the
fTollowing suggestions arc rolevant:
a. The Fnugu iron stones (sct sec. 1-1.2) should be
analysed and characterised,.
be The iron ore depesits to the south of Birnin Kebbi
in Sokoto state (see scce 1=1.2) should be studicd

and characterized.

4 - 2 Desults for the analysis of phosphate rock samples

The analytical study carried out on the phosphatc
rock samples wag ained abt determining the following
constituents which have a direct bearing on the nanufac-

ture of phosphatic fertilizers, nancly;

noisture, total P205, £10,, FOQOB, h1205, F~ and CaC.

The results obtained are swmarigzed in table XV,

4-2,1 Digcussion of results for the analysis of phosplict

rock sanplcs

The results obtained for the analysis of the Topo,
Senegal (Thiers) and Niger Republic rock samples compers
well with that obtainced by the Federal Super Fhosphate
Pertilizer Conpany (sc¢ appendix III)

The characteristic featurcs of a high grade phosphatc o
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for the nanufacturc of phosphatic fertilizers have been
cutlined in chapter onc (sec. 1~2+3, Page 3-12) and the
desired specification for same given in appendix IV (p 475 .
The P205 content of the indigenous PSA 1 rock and that of
the Togo and Scnegal is characteristic of a high grade orw
Phat of the MNiger Rep. 18 conparatively lowe A1l the
phosphate rock gamples studied cxcept that of Niger Rebe
have a gilica content lower then 5% and hence nect the
gpecification of & high grade rock with respect to 3102.
The Niger Rep. rock is high in silicious natter (8.197).
The R205 content of the rocks investigated with the excente-
ion of the Niger Rep. rock falls within the range of

5.80 -~ 3.59% and are therefore of high grade with respect
to R2O5 for the wet process phosphoric acid nanufacturce.
Mhe Niger Rep. rock is high in R;05 (6470%) «

The ¥ content of a high grade ore should not be nore thix
45, The analytical results reveal that only the indigenous
PSA 1 and Togo rocks meet this gpecification, the Senczol
and Niger Rep. rocks being high in ¥”. The moisture contoens
of all the rock samples studicd is low., This is degirabloe
as a high nmoisture content give risc o problems in grindin
Fron the preceeding discussion, the indigenous TSi 1 rock
from Sokoto state and the Togo rock arc of high gradc 2yt

suitable for use in the wet process nanufacture of

]
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phosphoric gcid. The two rocks are high in P205, and Ca0;
low in 8105, R,0;, " and moisture, recting all the
desired specifications of a high grade phosphate rock

(sec appendix IV). They arc of a higher grade than any

of the rocks listed in appendix V.

The Senecgal (Thiers) rock saumple can bg classified as
high grade with the notable exception of its high SiO2
and P~ content.

The Niger Repe. rock is a difficultl phsphate reck with
respect to its high Sioz'_RQOB and T content. Coupled
with its low P205 content, the rock is here classified ae
a low grade rock. It is lower in grade than any of the
rocks listed in appendix VI (see p 437).

In Nigeria, there is as yct only one phosphoric acid plant
that produces SSP. This is the Federal Super Phosphatbe
Fertilizer Company located in Kaduna, capital of Kaduna
State., The plant makes use of imported rock from Togo. The
present work classifies the Togo rock as high grade

and better in quality than cither the Benegal or Niger
Repe rocks. Hence the decision to import the Togo rock

in preference to the other two is a laudable onc. However,
the Pogo rock is of the same grade and quality as the
indigenous FSA 1 rock and the two rocks arce gimilar in all
the aspects investigated in this work. As such, efforts

should be geared to the immediate substitution of the
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Togo rock with the indigenous FSA 1 rock if found in
sufficient quantity to warrant exploitation.

As far us the present work is concerned, the Senegal
(Thiers) rock is suitable for usc in the wet process
phosphoric acid manufacture. The disadvantage in using
this rock lies in its high 830, and ¥~ content.

The Higer Rep. rock is of low gradce and its usc in the
Kaduna plant is not advisable unless it is blonded with o
high grade prock, in which casce the resultant rock-mix
would contain the intermediate characteristics within the

specified limits (see appendix IV).

42,2 Recommendations and sugrestions for further worlk

As a result of the analytical study of the phogphate
rock samples, the following recommendations are hereby
made :

2. The Federal Government of the Federal Republic of
Higeria or any of its agencies should scet about
the tesk of substituting tThe imported Togo rock
with the indigenognggieﬂigogﬁsigagggalg%ggg
occcurs in sufficient quantity to warrant economic
cxpleoitation,

b. The Sencgal rock could he used in the Kaduna plant
if The indigenous FSA 41 and the imported Togo

rocks are not available.



Ce

The use of the Niger Rep. rock is not rccommendcd.
If it has to be used then it should be blended

with a high pgrade rock in a 131 mixture.

Some azspects of the analytical studies of the rock sampluc

deserve further investigation, thus:

To

2

Ze

-

Sonmc constituents of the recks such as 005' , 017
and organic matter have not becn determined. As
thege have some influence in the manufacture of
phophatic fertilizers (see sec. 1-2,%), thoir
estimation is worthwhile.

The phosphate rock deposits in Oyo State of Nigeric
in Kajola and Papa Alanta should be analysed

and characterisecd.

Therc is accumulating evidencce that highly grouns
rock may be as effective as the more expensive
soluble phosgphate fertilizcrs in tropical scoils.
Conscquently, the International Fertilizer Develc
ment Centre (IFDC) has directed a substential

portion of its programme towards the cvaluation

i

of various rocks for this purpose in Tropical sollcs
The principal advantage of ground rock is its low
cost. It would be worthwhilc if an investigation
could be carried out in this dircction, in

particular with the indigenous FSA 1 rock.
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Xy

IALYSIS CF PHOSFHATE ROCK

SANFLES
_—‘Eéncgal Wiger

Sample FSA 1 Togo (Thicrs) |Republic
o noisture 0«76 Q.84 0.68 0.75
% Pgo; 3625 %660 314,00 27 40
% 510, 2 o it %425 8.19 4,02
% Te,0z 1,30 1420 1,20 %, 70
% ALy0z 1,50 2,10 2439 %,00
% ¥ %485 4,61 6o #= 6e2%
¢ Ca0 52.¢ 30 52420 146,10 147,70
% 3205 2.80 %¢30 %459 6.70

Ca0/P,0g 1 oLkl 143 1e35 1o 74

*
Average of

the two deterninations.
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APPENDIX 1

Composition of the iron orc of the Agbaja

*
Platoau
Constituent Percentage
Fe203 70.6%
8102 { 5.05
£1,05 Be Dk
8 : 0.08
Ti0, 045
MnO ' 0.05

Soured: yppublished Reports of the Geological

Survey of Nigeria, No. 964, 1952.5
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APPENDIX 17

Desired speeificabion for a high grode

e
iron ore

Constituent Dosired limit

F8203 8508 = 9702%

SiO2 iess than 6%
‘ AlQO5 + less than 1%

P205 Not morc than
(‘{ 2.5% .

8 . Vory low

T102 : Not more than

Qe 7%

*
Bourceineoiopy of Iron Orc Deposits 1n Canada.’t



- 133 -

APPENDIX

111

Unpublished results for the analysis of

Togo, Scnegal (Thiers) and Niger Repub-

*
lic phosphate rock samples

Particulars Togo rock sSenegal Niger
{(Thicrs) Republic

moisture Gs90 0.74 0.90

T P205 30629 5552 31.84

Cal 50.02 45,80 45436

FCQO3 1.00 1.16 4o Ok

A1205 228 2,66 534

F 4.09 €e52 -

€O, 145 1.88 1628

8102 3438 8.92 4,27

Mg 0. 24 1e357% -

T C1T 0400061 OO -

50577 1 035 0.37 - 1

* [
SOUrceipag pal Super Phosphate Fertilizer Company,

i

'Kaduna.
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APPENDIX AV

Desgired specification for a high grade

*
phosphate rock

Constituent Dosgired 1imit(%)
CaO/P205 by wcight Fe5
R0z pax. 5.0
5105 265 = D
F~ #,0
Moxe
CO5 Loxe %40
M350, ox. 0.5
Organics ... 1.5
¢l Te5
ppm 7
603 no limit
#*
Source:

Fortilizor News, May 1978

5
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APPEIDIX N

- ——

P . *
Composition of some phosphate rock samples amd rock blends

Rocks &
rocks blends

P205

Scnegal (S) 36.8
Udaipur (U) 36.2
Florida (F) 33.1
Morocco (1) 2246
Algeria 3547

High grade
Jordan 54e3

Low grade

Jordan 3247
U:F 4:1 Al G4
U:S 421 55-7
UM 1:1 54-’4‘
S:F 1:1 3.3
*
Source:

Baroda, Indiae

Average conposgition (dry basis)
F AL

Cal SiO2

515

50.2

4851
5045
Slte
5246

5142

49,4
5049
5042
49,0

2.9

73
e

A A
L] a L
Mo £ W D

44
540
55
541

56

6

3.9
33
3.8
he1
Db

440

LI‘.O
346
Se5
36

3eD

g

S O O A R e
L]
N = \n 2 W

<
.
o

=<
o

O
o

0«8
1e2

FOQO5

0.67
0e73
0.70
0a15
0e32

0.20

030

112
030
Ce69
1.00

IOI Co

2.45
118
5.03
686

©e39

8o41
2.94
2441
393

2

1.6
140
246
4.0

3.9

6.2

2.0
146
2.9
2.3

Gujarat Statc Fertilizer Company, Linited,

Cl
ppa

28

25
L

255

177

2800

28
262

50
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APPENDIX VA

Compos;ﬁion_pf lgyLﬁgggﬁ;}pgkgppoaphatcs

e e et

Particulars Jhanar Kotra Jordan

P205 30/%2 2157

Cal 47,80 % 50451

F-‘ 2.50 3.21

510, 9.30 ! 4 .49
!

citrate :

solublc 5620 11 .40

P205 B | J

S

Sourcc: .

Teptilizer NCWS, May 1979~
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