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A#B8TRALCT

The problems encountered in the dissolution of
refractory materials such as metallurgical slags and
laterites anmd methods of estimating the different elements
in solution are revealed in a literature survey. On the
basgis of previously reparted work, decomposition by
anhydrous sodium carbonate fusion has been chosen as the
most feasible methol of dissolving the materials.

The decomposition of the samples and the different
methods used in detemining the concentrations of the
elements in solution are described.

The results obtained show that:

(1) The amount of tin decreases from sbout 17% in
the first run slag (No.1 slag) to 0.5% in the final slag
and that the Jos tin smelting and reclamation processes
are quite efficient.

(i1) The primitive ferrous slags contain significant
amount of iron (26 - 34%) compared to (0e3 = 1,05) in
modern iron making slags, suggesting a crude ard inefficient

practices.,



(111) The laterites in Samaru Jest are of very
low iron (15 = 22%) and aluminium (5 - 7%) contents
but high in silica and therefore cannot be economicnlly
expleoited as sources of iron and aluminium in the
forescanble future.

/n nluminium-nlloy has also been analysed. From
the results obtnined, a composite alloy is suspected,
spart from 2luminium (88,7%), other major constituents
are Fe(5.8%) siliconPe{5.94), lg(0,55%), Fb(0,51%)
and Cu{0.12%) plus traces of other metals.
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CHLPTER I

s

1 INTRODUCTION

1.1 Ereamble

Sinco the advent of c¢ivilization, analysis haé
continued to be of paramount impeortance in technological
advancement, For exanple in industry, analysis is
of'ten constantly carried out as a check on gpecifications
and control of products, The discovery of new compounds
in certain disciplines {(Chemistry, Pharmacy, Bioclogy,
Medicine, etec.) depends to a greater or lecser extent
on the answers provided af'ter analysig. In ferrous
produetiorn and oshicr metal extraction processes,
theopretically if one knew precisely all the reactions
taking place at any particular moment during the manue-
facture of steel Gnd cther metals) we would be able to
pProduce metal to close specifications with a hilgh degree
of certainty. In practice however, this ideal cannot

be achieved at present. The conditioms of the metal and
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slag within the furnace are constantly changling and a
state of cquilibrium is never attained. This means

that o sanple taken from the furnace can only be .o
rapresentative of the melt at tha $ime of taking that
sanple. Ohviously, therefore, the faster and more
acecurate one can perform the mnalysis, the more closely
can onc control the rsactions taking place within the '
furnace. In recent yzars, therc have been rapid advances
in the use of modern instrumental techn.ques to speed

upr analysis, with each new development aiming at providing
nove rapid and accurate results.

The enormous ferrous slag samples excavated by an
archeologist (Dr. J. E. G. Sutton) in Samaru and submitted
to the Department for analysis, tin slags Irom tin
smelting company in Jog, and the aluminum alloy sample
sent to tho Department Lor analysis from the Defence
Iriustries Corporation, Kaduna, prompted the present
investizgatisn into methods of anmlysiz of metallurgical
slags, laterite, and 2lluminum alloy. The résults ohtained
from the onalysis of ferrous glags could previde not
only metal content but also a means of comparison of
the primitive and modern methods of iron manufacture.

Analysis of tin slags would reveal the sefficiency of tin
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extraction whilst that of alfuminum alloy.wouhﬂ supply
the much neaded information on the composition of the
alloy tec the Nigerian Lefence Council.

Thus, in wview of the faect that future research
may be devoted to the development of rapid analytical
techniques, it would be reasonsble to expect continulng
interests in difTerent methods of analysis of slags

and other desired specimenca

1.2 Slags

EBven after intensive ore dressing operations, the
resulting concentrates still contain sufficlent amount
of gangue and othar minerals associated with the ore.
Theae mineruls react with the fluxes and silica during
smelting to produce a molten mass which being lighter
than the molten metal floats on the molten metal., This
non-mnetallic molten silicate mass is Iknown as slag,.
Most metallurgical slogs are molten silicates, with
aluminates, phosphates, borates, and fluorides as other
possible major or minor acid constituents. |

Slags formed from the oxides among the gangue ninerals
ag mentioned above are known as exitraction slags. IFluxes
are cmrefully chosen so as t0 produce a glag with low

solubility for the oxide of the metal being smelted in -+



order to ensure maximum rccovery. Thug, siliccoams
gangues arce commonly fluxed with Ca0 and FeO, while
~imey gangucs mighv be fluxzed with sand (8102). In ther-
nmal refining of metals or some other metallurgical
processes like steelmaking, epccial slags are required
vhich would be capable of absorbing, usually as oxides,
impuritics ‘rom thc wetal. These refining slags, as
they arc termed, may incorporatc chemical reagents for
converting thesc impurities into soluble or volatile
forms. Rccently the term slag has also been used to
refer to molten Mnorganic salts, mainly halides, which
are products of smelting operations involving the
reduction of pure metal halides with metals like calciun,
magnesium, or sodium. These alsc are extraction slags.
Slags are believed to be ionic, This view is based
on X-ray diffcaction studies of silica, silicates, and
glasses, and on the measurement of viscosity, surface

tenslon, and also on electrical conductivity.

Tin Slags are only produced as by-products during
tin smelting operations. The number of slags produced
(and hence slag treatment) in one cycle of operation

varies from smelter to smelter,
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The conventional route by which tin (and hence tin
slog) is obtained is by reduction of the stannic oxide
ore, cagspsiterite (which incidentally is the principal
gourc: of primary tiun) with carbon in modern reverbera-
tory furnhaccs at about 19250° - 1350%C (Jos practice
1400%C), Difficulty does arise in producing clean slags
due to the amphoteric nature of tin oxide. Tin siliecates
are formed, as it has a high affinity for silica, while
stannates of calcium and other metals are produced if
hasic Tluxes are used with the object of minimizing the
Tormer tendency. Ience, although reduction with carbon
is comparatively easy, the smelting operation is complex
because of intensive retreatment of slags.

Of 2ll the tin ores available, cassiterite,

(Sn02) containing when pure, 78.5 per cent tin is the
only significantly economic mineral from which tin is
produced. Small amounts of the metal occurs in the
mineral stonnite which is an Fe~Cu-Sn sulphide (Snsg.
Cuzs. FPeS) but 1little or no tin is produced from this
mineral. The amelting of tin ores after preliminary

treatment embraces three distinct steps.

(1) primary smelting of the ore

(ii) retreatment of slags (usually the first run

slags)



(iii) refining of the metallic tin,

The reduction of tin oxides is comparatively easy,
hence pyronctallurgical reduction process remains .
derminant for the extraction of tin. The reduction takes
place readily when the oxide is heated wlth carbon to
fairly high temperatures (850° - 500°C) (1, 2), but
the composition of clags formed détermines the tenperature
required for smelting operations since smelting tempera-
tures should he such as to form fluild slags and allow
the reduced tin to separate, settle and collect in the
bottom of the furnace.

In practice, the ore premixed with fluxes is first
gmelted in a furnace (usunlly reverberatory furnace)
usually with carbon, preferably anthracite to produce
a impure tin and a tin - rich slag which may contain
up to 30 per cent Sn.

The principal reaction tokes place according to
the equation. | |

.anz + C = 8n + 002
1

o

A" = 185 KJ mole”

indicating that the reaction is highly endothermiec.

Tin melts at 25&?0, but a much higher temperaturse

S 1 required for the reduction of cassiterite. .13 earlier
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pnentioned. omperaivurcs in the rangs 1250O - 155000 are
commonly in use arnd chsurce separasvion of thoe ligquid

tin frem olags. The charge to the smelting furnaces
congists ot airazinirerzg, shthracite Tines; limestone,
and v all -wount of dross.

The slag contaliiing 20 - LO per cent tin 1s of ten
setreatod in a reverberatory furnace with coxl and
limestone with oo without ireon to produce mstal analysing
about 95% Sn compared te that of the primavy of 68 - 99
Sn and a sceoond run slag. The resulting slag frequently
still containg sufficicnt metal to nocesslate retreat-
ment (becauss of thue high price of tin). The low grade
metal from the sscond slag smelt is often a ftin-iron

alloy (80% 8n and 20% ¥e) known as "hardhead" and is

amalted with fresh concentrate and silicoms flux,

8nb, - 2feBn = 33n + 2Fe,

the Terrous oxide going into slag as a silicate.

In the Joz pracilce, the reitreatment of Tirst run
slags produzcs "hardhz=2d" an” a lean slag (No, 2 slag).
1ne leann slag so produced is further treated for tin
recovery by fuming proces ise. Tuming with gypsium
(OaSOL) and collecting the fumes in baghouses while

the final slag is gold for Nb, Ta, and W content.
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The re’ining of the Inpurc mnetallic tin will not

be discussed since no slag is produced in the operation.

1.2.2 Egrrous Slags

Terrous slags arc produced from primary iron snelting
process (iron maxing) as will ac the refining OFf pig
iron (zteelmoking) produced from the primary blast
furnace smalting.

The nodern iron making blast furnace has evolved
directly from the enrly shaft furnaces, particularly
the +tall stack, the bosh, the ring of tuyeres for the
air blast and the hearth with its slag and iron tapholes.

The ore is fed inte the furnace from the top together
with coke and fluxes, Hot air from the bottom at dbout
600°% ~ 800°C burns the cokc to GO, This reduces the
oxide to metallic iron. Pure iron melts at 1537°C,
although 1% is possible to reduce the oxide at ?OOO -
800°C by carbon or U0 to the solid metal (in the loose
granular form ecalled sponge iron at this temperature
range ). The melting point of iron (1537°C) is progres-
cively lowered by the addition of most of the common
solute elements. '[The metnd from the plast furnace is
always in contact with coke and the melting point of

iron saturated with carbon is apout 1200°C.



{130, “here exists the final slag consisting
prineipally of lime (C20), alumina (Alzoi), nagnesla
(Ngn), siliea (3102}, nnd sulphur and this slag melts
at 1h00° - 150000 depemding upon the composition.

The fuslon temperature of the slag thus sets the lowver
limit of operation temperature of the process. In practice,
the actual temperature is somewhat pgreater than this
minimum in ordexr to ensure that the slag is sufficiently
free flowing.

The pig iron produced can contain up to shout L%
garbon gsince it is in contact with coke in the furnace,
Because of thils, the pilg iron must be refined. GSteesl-
nmaking ie thuas the process of burning off the carbon
by O22 mnd reducing the concentrations of other
elenents present (Mn, P, 51, e.t.c.) t0 acceptable limits.

The procegs by which the blast furnace metal and
ferrous scrap are converted into steel are conventionally
named af'ter the furnace in vhich the refining operation
is perio rmed and the nature of siag (e.z. Licid Bessemer, -
Baslc Bessemer prbcesses) which is emnployed to gbsorb
the product of oxidation, Hence, during steelmaking,
the impurlities like 3i, P, and kn are oxidized and enter

the slag which floats on the molten steel.
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Tylecote (3) has summarized primitive smelting
practice throughout the world, while Sassoon (4) has
described probable iron-smelting operations used in
Sukur, North - DEastern Nigeria. From the reports of
these workers (3,4), the possible chemical constituents
of the resulting slagso may he listed. For cxample in
Tylecote'!s review, the iron ore includes magnetite
(Fesou), whilst minerals such as haematite (F9205) and
limonlite (Fe203. 3H20) are essential constituents of
laterites., The ircen content of some of the ores may he
as low as 34 per cent but could be crushed and washed to
produce a concentrate analysing over 56 percent iron,
The ore is reduced to a spongy metal with charcoal and
in almost all cases, no flux is added. Slags produced
in these operations are usually very close in chemieal
composition to that of the ore, and the metallic yield

is very low.

1.2.3 Slayz Jnalyseis

Slag analysis is very essential in metal manufacture.
iny information about the composition of the slags 1s
used in assessing the efficiency of metal winning operations
and alse in maintaining specifications of metallurgical

products such as steel,
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The uge of fast and accurste instrumental techniques,
sitch as i-ray fluopescence mnd emission spectrography
has enabled the analysis of metal component of steel-
making furnace to be so rapid that it can be used Tor
+he control of steel products (5). This is possible
vecause of the homogenity of the metnl produced which
requires no extensive sample preparation. OSlags, how-
ever, are both conplex and heterogeneous and hence
considerdble sample preparation is necessary to produce
a homogensous sample. This is tedious and time consuming
and prevents slag analysls in taking advantage of the
rapid means of analysis now avallable. Thus, analysis
of slags has only served to produce "post mortem"
results to be used in the adjustment of conditions of
operation,

maode

Recently attempts have been,;o investigate possiple
rapid methods of analysing slags by spectrographic
means {(6), TFirstly, the group investigated the usefulness
of the solution technique for the analysis of slagsi
The glag was brought into sclution by first fusing it
in a mixture of sodium carbonate and borax and then
dissolving theé fused melt in dilute nitric acid containing
a small amount of hydrogen peroxide or sodium nitrite

to prevent the precipitation of mangznese, Cobalt was
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added as an internal relerence. Using the rotating
disk or 'Retrode’ tcchnique and the impregnated slectrods
technique to oxe we Tthe colution, early results were
not savisfaciory due %0 errors ariging from impure
chemicals £33 setiing up proccdures. Satisfactory
results were obtained later ofter removing these sources
of errvor., Two further methods were introduced; hamely
tine Danielsson Tape technique, and the briguetting
technique. In both cases, the slag, after the addition
of an internal reference, was fused, the fused melt
grourd to =2 fine powler and the analysis performed.
These procedures proved faster than the golution method
(taking 40 = 15 minutes most of which were consumed
by sample preparation). The accuracy was higher than
that froa routine chemical control methods. Similar
results were obtained by the Tubes Divisgion of Bisra
Chemical /inalysis Committee who used X-ray fluorescence,
Purely chemical techniques were considered for the
rapid analysis of iron - and steelmaking slage (6).
In this scheme, all the main constituents are determined
from rre solution of the sample, taking aliquots for each
constituent, With a number of improvements suggested,
the revised method was shown to be more rapid than

classical chemical procedures and suitably accurate for
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works mnalysis but could not however e consgidered as
a neans of clag wnolysis control.

snother atbempt nade by other workers was ained at
by - passing the long :nd tedious conventional methods
of nnnlysis of dlags. In this investigation, o fusgion
method with anhydrons lithium metaborate followed by
dissolution of the meit in dilute nitric acid was
conpared with a2 method besed on decomposition off the
sanple by hydrofinoric acid at 1ﬁOOC. The resulting
sample solution in each case was analysed for 810, A1203,
Cu, Zn, and Fe by mcans of atomic absorption spectro-
scopye. The accuracy and precision of the two metheds
were compared Ly carrying out replicate analyses of
standard iron ore sinter and typical copper smelting
slags. Dalley and Wood (7) concluged  that both methoeds
provide rapid alternative methods for slag analysis
and that the lithium metdHorate fusion methoed was nore
convenicent to he used for most samples with the exception
of those samples with a high total metal content.

The results of these studies reveal twoe major
Probiews encountered in slag analysis, These include
the decomposition and solution of slags and the determi-

nation of the constituent elements present in the slags.



14

Some of these decomposition procedures and methods of

analysis are discussed below,

1.2.%.1 Decomposition Procedures

As refractory materials, slags are generally very
resistant to attack by common golvents and can only be
dissolved by more intensive treatment. It is seen (1.2)
that slags consist of silicates with aluminates, phos-
phates and borates formed from oxides and gangues
associated with the minerals. It is therefore convenient
to discuss the decomposition of slags in terms of the
procedures adopted for silicates and other constituent
refractory compounds such as refractory oxides.

The decomposition of silicates and similar materials
has been extensively covered by liaxwell (8) and Jeffery ( g).
The methods of getting the material into solution can
be divided into three distinct groups:

(1) Decomposition by mineral acids (HNO,, HC10

3! L"’

hot concentrated HQHOu, HC1, HF, H Poh, iBr, dilute HQSO‘,_L

3
and dilute :rlcmh),

(2) Decomposition by fusion with suitable compounds
(fluxes), and

(3) Decomposition at high temperatures amd pressures
(in bombs or sealed tubes) using suitable solvents (e€ef.

mineral acid).
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LHeld fluwres incluvde the bigulphates, pyrosulphotes
and 2cid fluvorides, while the mest basgle fluxes are
hydroxides, peroxifzs. carbonates, and borates. With
thess basic {luxes there 1s probably less tendency of
losge:, by veolatilisation during fusion compared to tie
acid fluxss (0.7 those mentioned sbove) where losses
are usually encountered in acid solution. It is worth
noting that the oxidation potential of alkaline peroxides
inereases with Increasing temperature while alkaline
carbonate fusion leads to oxidation of some elements
owing to more intimate contact between elements and
alr. Thig oxidation itendency ias less obhserved in
fusion with bisulphates,.

The advantage of decompocition of slaga by fusion
is two~Tfold. PFirstly, the colour of the solidified melt
may be indicative of the presence of some of the consti-~
tuent elencnts (e.g. transition elements). JAdditlonally,
relatively short time is required for fusion of the
sample 3.

Of all the mineral acids, hydroflucric acid appears
.to be the mogt commonly used for the decomposition of
most 2ilicates. The use of HF in combination with HNOB,
HCth, or HQSO“ results in a substantial removal of

fluorine and silica during evaporation, the residue being
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diaggsolved ir water or dilute acid for the determination
of other eluments present in the slog or silicate
materials. #HF/perchloric aeid mixture has the advantage
{compared to Y sulphoric acid mixture) that almost all
the perchlorates are water soluble. On the other hand,
evaperaticr. with sulphuric uacid is somshow more

gfficicent i: the renoval of fluorine. However, the use
of HF without the addition of other mineral acids hasg
recently been recommended by several workers, (10, 117,
although this reguires decomposition at high temperatures
and preseures in bombe. This procedure, despite nosociaw
ted difficulties would be preferred since silicon is

not logt through veolatilisation and can be determined
photemetrically or otherwise.

The decomposition of silicates with HP is suspect
because of possgible lose of silicon as volatile S:flI"LL
although Langmyhr and Graff (12) have shown that no appreci-
gblie logs of 8i occurs when 8102 is decomposed by
HF even at 100°C., & small amount is said to be lost
when the solution of fluorosilicic acid ie evaporated to
a very snall volune (e.g. 0.2 mg 810, is lost from L6 mg
SiO2 present when a 1:5 HF solution is evaporated from
25 to 2ml at 100°C). Decomposition is al so long and

tedious, for maximum decomposition may take as long as



17

ohhr, using L83 AF (w/w) which is available in most
laboratories.

The nse of HC1 for the chemical dissolution of
slogs and silicate navserials is restricted to samples
with low gllicna contens. ..ny =ilica present appears
a8 hydrous suspension. The solubility of the samples
in ICl is markedly increased by prolonged heating
possibly at high tempsratures (in sesled tubes),

The aeld is easily removed by evaporation. Loss of
some elements (e.z. Ge, Sb, Ls, Sn, e.t.c.) may oceur
because of the volatility of their chlorides especially
at high tcmperatures.

Relatively little use 1is made of HQSOu 23 a solvent
Tfor silicates and refractory materials such as slags
but extensive use is made Of the acid as a mixture with
¥, This is Decausse of the formation of insocluble
fulphates with most metals. Binmilarly nitric acid can
also only be used in conjuction with #F for dissolving
such rueistant materials.

Perchloric acid is very attractive as a solvent for
glags bcocauzge of the golubility of most perchlorates
(except those of I, Rb, Cs). Many silicates can be
decomposed with hot concentrated perchloric ncid with

subsequent dehydration and separation of silica,



18

8 hae alrvady becn mentioned, it is used sometimes as
a mixturc with i’ to deconpose silicates especially
vhen silicor 28 to ve removed as volatile SiFu.

In nys% fusion processes. anhydrous scdium carbonate
appears %2 bu the nost commonly used flux. It fuses
silica an.: slage forming silicates and other compounds
vhich ar: subsequently leached with suitable solvents
such as dilute mineral acids- Fusion may be carried out
in crueibles of platinum or platinum-alloy (e.g. platinumipi-
diun alloy. nickel and even iron) provided none of
the metal used in the manufacture of the erucible
is to be determined. A flux to sample ratio of about
5:1 and a temperature of 1000° - 1200°C are used.

Potassium carbonate, which is more hydroscopic
than NaZCOE’ is only used to produce fusion melts likely
tr be more socluble than correspomding sodium salts, viz
niob*um. .n equimolar intimate mixture of anhydrous
N32003 and KEGOS’ called fusion mixture, has an advantage
of a lower melting point than either of the single
salts, especially for the fusion of samples in which
chlor'ne or fluorine is to be determined.

Potassium or sodium hydroxides, though very power-
ful alkaline fluxes, cannot be used for fusion in

platinum crucible, so other crucibles such as gold, silver,
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nickel (for fusion below 500°C), must be used.
In addition. these compourds are difficult t> obtain
pure and *end to froiy and spit when heated.

Sodium peroxide is a very powerful flux; it is the
usuall flux us=d for compiets decomposition of cassi-
terite or chromite (9)., It attacks most crucibles
thereby seriously contaminating the resulting solution.
Silver, gold and zirconium crucibles resist its attack
(although these are expensive). Fusion is carried out
at 600" ~ 700°%.

Jeffery (13) has found that refractory oxides are
completely fused with borax. Borax fluxes (e.g.
alkaline flux and boric acid, an acidic flux) are not
of ten used probably because the resulting melts are
viscous and boron must be removed at a later stage of
the analysis.

The allaline fluxes KF. KE{FE, PI?IuF, are low-temperag-
ture fluxes used chilefly for the opening up of refractory
silicat=s and oxides (e.g., nicbium and tantalum minerals,
etc.) by Tormation of soluble fluoride complexes.

Fusion can be achieved mostly in platinum crucibles in
leas time than most other fluxes.

Rafter (14) has proposed a sintering procedure that

will, a7 a comparatively low temperature, easily and
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conpletely deconmpose those minerals resistant to decon-
poslition hy tlhie usual metheds, without the slightest
attack on a platinum crucible, and very slight attack

on iron or nickel vegselg, Sodium Carbonate, calcium
carbonate and ammonium chloride are some of the
sintering suhstances.

The attack of mineral acids (e.g. HCl) on difficulty
soluble minerals can be impreoved by the use of high
pregeures and temperatures in sealed pglase tubes er
bombs, Their relatively less popularity stems mainly
from the neod for specialised equipment and the hazards
involveds The resulting solutions are free from
contamination of elements from fluxes,

The procedures for the dissolution of siliceous
samples {e.g. slag and silicates) and estimation of
constituent elements have been divided inte two distinet
groups {15). In the first group, the semple is brought
into solution with a suitable solvent (e.g£. mineral -
acids) while the second greup involves fusion with
suitable fluxes, 8Silicon can be got inte scolution
( £25%) together with other elements and their concentr-
atieng estimated using atemic absorption speétrophotometer.

i
Alternatively, the silicon can be completely removed

by volatillisation or precipitated as silica when its
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content can be determined gravimetrically. Price (15)
sugeests 1lithium metaborate as the readily used flux
for fusing clags and other similar refractory materials.
The fusion .s said to be carried out in platinum or
graphite crucibles a’ a temperature of abcut 900°C Tor
15 minutes after which the melt is leached with diluve
nitric acid. The alternative to Price'cs view is where
the slag is fused with sodium carbonate and leached with
hydrochloric - nitric acid mixture (16).

Having discussed the possible methods of getting
slag into splution, it will be convenient te review
the different ways of estimating the concerntration of
individual elements present in the slags. Some of these

methods are discussed below (section 1. 2. 3. 2).

In evaluating analytical techniques with respect

to their rclilative utility for a given problem, the
principal facters generally considered are selectivity,
sensivity, and speed. GSelectivity is the ability to

detect and determine one substance in the presence of
others which are commonly associated with the desired
constituent and which might be expected to interfere

with its identification and determination. The sensitivity

demanded depemnds on the cencentratien of the constituent
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present in the sample. The degree of accuracy required
depends on the intended use of the analytical data,
the availability of relevant fuaclilities and experienced -
manpcevare 4+t is the desire of the analyst to strike a
reagongble balance hetween these factors, which will
regult in low overall cost in time and naterlal with a
minimum of chemical processing and separation of the
constituent elemenhts before making the final ectimation.

In analytical chemlstry, researchers have continued
to direet their efforts towards the discovery, develdpment,
and improvement of methods for obtaining relldble results.
Rapid and accurate instrumental methods are playing
important roles in analytical chemistry today. An
importent progress being made in this direction is the
development of atoric dahsorption spectroscopy.

The conventional methods of analysis include,
gravimetry, titrimetry, spectrophotometry and electre~
chemistry. ‘/hen the concentration of the consgtituent
of interest lies within the range of 10 - 100u in the
sample, gravimetric method is usually capable of oiving
reasonable degree of accuracy with a precigion better
than 1 part in 1000: Gravimetry is not selective, it
eften requires complete separation of the metal oar

compound of interest, it is time consuming and at the
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same time tedious. It is however generally cheap since
no complicated eguipments are regquired.,

Titriaetry is usunlly designed to be specific,
alshough in many instances separations may e necessary.
It is capavle of piving an accuracy of 0.2 - 0.5% and
a| precision of about 3 parts per 1000. It is not very
versatil . but is inexpensive.

Atomic @bsorption covers a concentration range
from fractions of a part per million of many cations in
solution to tocns of percent of metallic constituents
in the samples.

Spectrophotome try usually covers a slightly smaller
concentration range than atomic absorption but it has
the advantage that its calibration curves shift less,
and as the contents in the cells are static, its precision
and accuracy depend critically upon the sensitivity of
the instrument, chenical separation, and the preparation
nf th2 sample which may be time -~ consuming. The chemical
separations can be avoided by adequete treatment of the
solutions cuch as, adjustment of pi, formation of complexeg,
oxidation~reducticn, selection of reagent, selection of
the wavelensth used, e.tec.

Plectrochemical methods may compare favourably with

atomic gbsorption only when preliminary separations are
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not roguirced: Cencrally. the instrumental methods are
Tasver than tne class’cal titrimetric and gravimetric
methods, ospecially cs only one soution prepared may be
roquirasd for tha doterminciion ~f several or all elements
presen’. ia the original sample. In addition, they are
high";r sensitive, and therefore find useful application
for tracc analysis. On the other hand; titrimetric and
gravimetric methods are more precise and accurate for

ma jor constituent analysis. The high cost of complicated
and crmplex equipments in instrumental methods compared
to titrimetric and gravimetric methods is more than
offset by the multiple number of estimating a number of
elements from one solution prepared and the time and
labour saved.

Or’ ginally, all chemical analysis were to be carried
out using a Unicam SP 1900 Atomic Absorption spectro-
photomzter newly acquired in the Department. In the
event. this tcchnigue was not used for all the metals
and elcments DHecausc of the lack of appropriate hollow
cathodc Jamps and nitrows oxide gas which are required
for specific clementis. Consequently, other methods
such as gravimetry, titrimetry and molecular spectroscopy
were used when these could have served as a check on the

results obtained by atomic absorption technique.
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Tin can he separcted {rom various interfersing
elements in a nunber of ways (17). For example, tin
is separated from iron, aluminum, chromium, etc., by
the ingolibility of itz sulphidce in dilute hydrochloric
acld. Tin, togcther with antimony, arsenic, platinum,
and gold, is ssparated from lead, mercury, copper,
cadmium, and bpismuth, by the solubility of its sulphide
in yellow ammonium sulphide. Antimony, arsenic,
platinum, and gold arc precipltated as metals from a
hydrechloric acid solution by the action of metallie
iron, leaving tin in solution. Although these methods
arg avallable, disctillation is very effective in isolating
tin from various elements such as arsenic, antimony, etc,
which can first be distilled over as the chloride. Tin
een then be digtilled with a hydrobromice - hydrochloric
aclid mixture which leaves behind the remaining non-
volatile interfering metals.

Gravimetrically, tin can be'determined as SnO2 by
first precipitating metastannigﬁjazsnOB) when dilute
stannic chloride solution is boiled in the presence
of aluminum nitrate and finally decompesing the

metastannic acid by heating to 5n0 The reactions

2.

SnClu + h.NHLLI‘J'O3 + BHZO - HgbnOB + LLHNO3
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and HQSnO3 eaty SnO2 + 1,0

take placu.

This procedure. though rapid, suffers from interference
by the oxides of 8i, ¥, Ta, J, Bb, As, P (Fe, Cu, and
Zn) which contaminate the 5n0,.

Mn can alse be determined by precinitation of +tin
as sulphide but this involves some difficulties which
can be avoidad by using other methods., Another gravimetric
method 1s the vpraecipitation of tin by cupfervren which
is weighed as the oxide.

In the titrimetric method for the estimation of
tin, titration is conventionally carried out with A-
iedine or iodate as titrants in the presence of XI and

starch as inmdicator in an atmosphere of CO A Tull

2-
account of the method is given by several authors

(18 = 21). The method depends on tho oxidation of tin
in the stannous to the stannic state by icdine or iclate
aceording to the ecuations

iodine: Sn2+ + 12 = .inLH‘ + 21—. ssssvsew (-1)

icdate: 38n2+ + KIO, + 64 = 5Snu+ + I7 + 3ﬂ20

>
cesesses (2)
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Dupring digsolution of tin beapring materials, the tin may
ba in the stannic state, This must first be reduced

te stannous ion. dron. antimony, aluminum or lead can
he usel as rednztants. Thiisc metiicd Lo considerably
Tree of invarforcnce £rom meosi elements usually found In
association with tin ores, and is reasonably accurate.
The end-peoint of the titration is reached when the
concantration of Ig is sufficlent to produce a blue
colour with starch.

Dithiol (Toluene -3, L~ dithiol) and phenylfiucrone
are two reagents commonly employed in the colorimetric
determination of +in (22), Dithiol gives a red
procipltate with Sn2+ and the use of dispersing agents
(e.g. gun arabic, sodium lauryl sulphate, santomerse)
‘e-gbles colorimetric estimation to be made., As little
as 1 ppm of tin can be estimated, while 0.1 ppm ol tin
can be detceted. However, many ions (e.g. Bij+, Ou2+,
N2, as?*, Noj, etc.) interfere with the results, but
1t 18 possible to carry ocut the estimation in the presence

of 20 fimcs more e and Pb than +in, Any Snu+

2

pregent

* by the addition of thiogiycollic
L+

is reridly reduced to Sn

acid. The coloration given by phenylfluorone with Sn

L

kecomes selective when O3n has been separated by

carbonate-~chloroform extraction. Interferences are
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reported with Gou+, Z?&+; Gn3+, F03+, Ta5+, and P5+,
valle small amounss of Mou+, Tia+? Nb5+, Ta?t can be
complexed with hydrogon peroxide, The limit of
seneisivity is 0,02 ppm.

A numb 2 of preb.ems asseocizated with the estimation
of ti. using thc above mentioned methods may be over-
come by the use of at”mic d@bsorption technigque. However
both ajir-acctylene endl hydrogen-acetylene flames are
aald to bo prone to laterfergnces, but these can be
lessened by use of nitrons exide-acetylene flame (15).
HyGrogen-acctylene flame gives similar scensitivity to
nitrons oxXide-~acetylene, but the sensitivity with alp-
acetylene is lower than in either case, 10000 ppm of
iron is said teo enmhance a tin concentration of 20 ppm by
8% .

Iron can be separated (22 - 23) from interfering
ions by procipitation with (i) Na0i, which separates
it from such elements as Vv, W, Mo, As, Al, e,t.c.,

(ii) H,8 in a weakly acidic solution which separates
it from Hg, Pb, Bi, As, etc. (iron is left in solution);
or by ex%raction (i) fromcencentrated (6 - 8 M) HOCL
solution into ethyl, dichloreethyl, or isopropyl ether
saturated with iCl; (i1i) as the 8-guinolinate or

cupferrate Into chloroform which separates iron from ln,
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Ni, 1, and Al, ©Solvent exiraction serves as a means
of separating large amounts of iron Irom solution.

Preeipitation with ammonia, oxine, and cupferron
are some of the gravimetric metihods for estimation of

Colublgmg Proedicnily ete Lo

iron, ‘he Taect that estimations must be carried out from ,
other metal ions makes these methods less attractive,
Iron can also be estimated volumetrically with standard
caric sulphate solution, which is claimed to be one of
the most satiasfactory reagents for titration of ferrous
iron. Other reagents include KMnOu and K20r07.
Thiocynate and O-phesnanthraline methodg are two most
popular colorimetric methods of estimating iron. The
thiocyanate method i1s simple and allows trace amounts
to be estimated., The method is however not selective
and special precautions must be taken 3o enhance its
accuracy. O-phenanthroline is selective and, in
addition, permits the estimation of trace amounts.
The coloration is stable. Both methods guffer from
interferences from certain ions.

3ilica and concentrated perchloric acid are said
to cause depresgsasion in the estimation of iron using
atemic absorption spectrophotometer (15). Depressien

cauded by silica may be eliminsted by the addition o

calcium chloride.
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The analytical chemistry of alumimum is adegquately
Loverad and illustrased by Tikhonov (24). The motal
can b2 estimated gravirztrically by precipitation with
oxine (8-hydro:yquinoline), and as hydroxide with ammonia
or vieak oprganic baseg, for example, pyridinc. The gravi-
metric detormination of the element is rarely used
gince other more accurate methods arc available,

However, it is useful as a means of separating aluminum

from interfering mrtals praovided such metals are not
conrecipitated., Iron and several other metale which

are precipitated must be removed, prior to the rrecipitation
of alumiram. The precipltate is welghed as .@;J.QO_.5 after
ignition.

The photometric estimation of aluminum have besn
well deseribed by Kassner et al (25), In this method,
aluminum oxinate Tformed in the presence of tartrate,
cyanide and hydrogen peroxide is extracted in CH Gl3
with selective separation occurring at pH 9. Under these
conditions the influencesof Fe, Ti, U, V, Sn, Co, Ni,

Mn, Gu, Cr, 2Zn, Cd, Mo, and Zr are eliminated,

A concentration as low as 10,g of aluminum in 25ml
ef solution can be cstimated.

: Atomlc absorption spectrophotometric method of

éstimating alumirium requires the use of NéO—acetylene
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flome., Ionization interfourcnco enn be climinated by
caploying l:nthanum or potasgsium ag an lonizotion buflfer.
Calcium, silicen, ard perchleric acid depress results
while titanium; Iren, fluoroboric acid, and acetic ncid
cnhanece results. Mognesium and coaleivm ean be determined
titrimetrically using XDT. (26) but these can nlsa be
aceurntely dotermined using atomie absgorption spectro-
photonme ter when available. The usunl interferences are
eliminated by addition of releasing agents (eegs stron.
tivm or lanthnnum),

Silicon is more or less usunlly determined gravimetri-
ceally. This involves the production of silicn by
dehydration of silicic acid with concentrnted mineral acids,
such ag HCl, The method is somechow long and tedicus.

The element (silicon} can also be estimated using
colmrimetry. The two most importnnt examples using this .
methed include the formation of the yellow silicomolybdate
complex and the reductinn of this complex md the blue
ccempound fermed. Phosphate and arsenate dn interferse.

The third method employs atomic sbsorption spectro-
photometer using NQO—acetylene flame., 4 number of elements

(21, Ca, Nn, V, etc.) interfere.
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1.7 Daterites

Liaterite is part o1 the earth crust, whiceh hus bacn
derived from n varisty of roeks »nd wminerals. Laterites
ogeur n.ainly in tic tropics whoere they are extensively
uged in road bulilding and other construction works.
The nome loserite was derived from the Latin word
"Later" which merns "brick earth". The mnterial wa
{irs} observed and described by Buchanan (27) in 1807
during his travel through India where laterite wos
boing quarried from the subsoil stratum, trimmeéd and
uged ns building blocks for locnl buildings.

It appears difficult to give a purely morphological,
rurely physical or purely chemleal definitlion, since it
covers a wide wvarliety of tropical so0il formation and
is too general. However the term is used nlways in
relation to red formntions of veried merphology always °
inrdurnted but rich in sesquioxides of alwaina, iron
or mangencsc besides combined or uncombined silica,
Humerous attempk® have been nade to define the
term including the definition given By,ulexnnder et a2l (28):
ise. "Laterite is 2 highly weathered material rich in
seconlary oxides of irocn, aluminum, or bothe It is
nearly vold of bases ond primary silicfites, but it nay

contain large amocunts of quartz and kaolinite. It is
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either hard or capabl: of hardening on exposure to
wotting and Jdrying'.

Some of the older idens concerning the origin of
laterites include sugg:2stions that laterite is 2 residual
alteration product, a detrital, a sedimental preoduct and
is of volcani; origin, Each of these theories started
from the morphnlogy and @ccurrences of laterite. From
the numerous theories about the origin of laterdie that
have sinee been postulated {(partly as a result of new
analytical methols or progress in determinntion of soil
constituent and the achievement of experimental soil
science), it has beeonme clear that the origin of latcerite
cannot be due to a gingle process. Several phenciena
are involved to varyinz degrees some of which may not
be easily differentiated from others.

The system for the classification of laterite
varies from country to country but in many casess is
based on certain chemical compositions, especially the
gilica = alumlna ratio.

. 'ﬁ;ignien (?29) has reviewed work on laterites, His
review covers the definition, morpheological and analytical
characteristics, distribution, origin, classificution,

and utilizatien of laterites. 4 monograph by Persons
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(30) on the origin, geology, and uses of laterites is

bascd on aL engineer’s point view

1e3.7 dnalysis of Laterites

Laterite analysis is of interest not only to the
geolozist but also to the goil seientist, hyurologist,
mineraloglist, and the metallurgist.

Methods of analysis of laterites caunot be much
different from those used for rocks and minerals.

Some of these can be used or modifled for laterite
amalysis, especially as laterite is derived from rocks
and other earth's materials through weathering and
chemical alteration of their constituents during erosion.

The maln constituents of laterites are silica,
iron and alumimam compounds with some other elements
or compournds. They may be low in such basie compounis
as Cad, Mg0; Na0 mnd K,0, and probsbly due to the
ease with which these compounds could he lenched out
with time by ercsion.

Since the major constituents are sgilico rnd oxides,
the methods used in the decomposition and analysis
of gilicates, slags, and oxides (sections 1.2.3.1 and
1.2.3.2) may apply for the estimation of constituent

elements and compourds in laterites.
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T Aluminum Alloys

AHn alley is a metvallic solid or liquid formed from
an Intimate combination of tTwWo or more elenents,.

Any chenical clement nay be uged for alloying, but the
only ones used in high concentrations are metals.
Aluninum alloys are formed by melting commercially

pure netal and adding other elemonts, one of the objects
belng to obtain metal of greater strength. 411 alloys
are appreciably stronger than the pure metal, but only
in the cnse of certain casting alloys does strength
deperl on composition.

Fernation of alloys is a complexXx subject, beyond
the scope of the present investigation, but some broad
genaralisations ecan be made. The compositiocons of the
various groups of alloys have been evolved to produce
the qualitics required for particular purpogses.

4 wronght alloy, for instance, should net only posses
th 3 properties needed in the inished article, but
should also have hot - and c¢ld working characteriatics
to enable it te be Tabricated economically. [IMer casting
alloys, good foundry charncterlstics are inpeortant since
pure alunimvm is difficult to manage in the foundry.
High strength is usually attalned at the expense of the

¢ase of feabrication and, in certain wroughd alloys,
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ﬁith some reduction in resistance to corrosion.

The plinecipoal elements alloyed with cluminum are
copper, magaesium, silicon, manganese, zinc, nickel,
and chromium, Iron znd silicor are almost always
present 28 impurities (31) while titanium, cadiiun,
colunbium, cerium, tin, lend and other metils are also
enployed in esmnall amounts.

The majority of alumimam alleys used are covered
by standard specifications especially as far as the
composition, mechanical praperties and tests of the
different fobricated forme in which they are supplied
nre concerned.

141 nalysis of Adumipun Alloys

It has been revealed above (section 1.4) thnt
alumirjam alloys used are covered by standard specification
egpecially as far as composition and other properties
are concsrned, snalysis will therefore undoubtedly
Play a very important role during =nd nfter alloy
manuf acture (serving as a check on alloy compositicns).
It iz not surprising that considerable efforts are
dovotzd to the improvement of existing analytical
squipments and methods ond development of more highly

selective and sophiscated technigues.



Hethol e of analysis of aluminkm alloys have beon
adequately sreated by Tikhonov (24) and others (17, 32).

There is not muca problem in zetting the =1loy into
goluation., Jor example, aluminibm alloy in a fine powder
form co~ be easily diazsolved in the mineral aclds
(@eze HC1l) or a combination of these., Having got the
alloy into solution, the determination of the constituent
elenents can be carried out using atomic absorption
apsctrophotometer or any of the methods earlier
discussed (see ssction 1,3.2.2),

Spectroscopic usethod of analyasls and atomic absor-
ption gpectrophotometric techniques will be discussed
in greater detail in the next sections (sectiom1.b

ond 1.6) below,

1.5 Spectroscopic Method of Analysig

Spectroscopy has been cxtensively used as an analy-
tical technique in this work., o it would be appropriate
tn give an outline of some aspects of the technique,.
Full accounts of the sub ject dre however available
elsewhcre (33, 34). .

- Atems nnd molecules are capable of undergolng
electronic, vibrational or rotational energy transitions

by abgorption or emission of quanta of the appropriate
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eleleztromagnetis radiant encrey, AB, given by the

Plunk s equitiorn

AL = hv
vhere he is Plonk's constant, anl v iz the fregquency of
the electronagnetic rrdiation. The value of aB (and
hance V) dedends on the type of atomic or moleeular
anargy stat. and the specios involved. Nor example, ™
n tronsition hetween electronic energy levels will result_
in an "“bsorption or enission within the UV-ovisible region,
while that Detwszen vibrational or rotational energy
levels will correspond to infrared or microwave rcgion,
regpectively.

Quantisative annlytical agpects of molecular
abaorption spectroascopy are hosed on the linear relation-
ship between the amount of hight absorbed and the nunber
of the absorbing species and 1lso the thickness of the
sample sclution. Thig is known a8 tho Beer<Lamberts

law and is of ten rocpresented by the squation

b = €el
where ¢ is the concentration in molea per litre of the
absorbing species, A the corresponiing dbasorbance, ¢ the
abegorption cuefficient for the sample in moles™ ! en™!
at a particular wavelength, and 71 the thickness of the

gample in cine & is given by
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A = ulog~%3 » Or 10g—%9

;here Io is the invensity ol the incldent radiation and
1 is the intensity of the emergent radiation.

To determinnte .1 light from appropriate source is
resolved by means of a dispersing agent such as prism
or groting wnd o suitable beam of light of narrow wave-
length range is then sculected by means ol o narrow slit.
This is then passed through the seclution of the sample
held in a glass or quartz cell. The intensity of the
light emerging Trom the solutien and that of the
Inecident light are measured and compafed.

The determinntion of A is carricd ocut using a
spectrophetometer, In practice the pure solvent is
placed in the pakh of the beam: the cell with the solution
is placed in the path of the beam, =2nd the intensities
of the two encrgent benms are compared. The "Io"
that i1s used in the Bear-~Lamber law is actually the
intensity of light transmitted by the eell that contains
pure zolvent. In thic way light lost by reflection at

the surlfaces of the cell walls is compencated for .
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1.6 An Outline of Atomic sbsorvition Speptrogcovic
Zgehnique

snothaer mafor aralytical tochnigue used extensively
in this work is atomic absorption spectroscopy. This
1s o prelatively new “oechnique in chomical "nolysis
having been introduced for the first time in 1955 by
e Yiash (37 ).

Atomic absorption spectroszopy is a method Yop
detecting and neasuring chemical elements, particularliy
metaliie elements, and is based on the absorption of

rodiantion by frcc ntoms.

1.6.1 Sone Theoretical Considerations

T -

The atomic sbsorption method involves the spraying
of a solution into a flame, in vhich a portion of the
solute is reduced to free atoms of its constituent
eleneénts, Thesc freg atoms can be railsed to an excited
state by thz sboopption of hight but only light of the
ereggy corr2spormling to the difference in energy between
the ground and excitsd states {that is by incident
ensrgy at cartaln diserete wavelengths known as
"pasorant wavelengths"). Thus if light of a resonant
wavelength of a particular element is passed through a

Tflams into which a solution of a compourd of thut element

is being sprayed, a fraction of that light will be
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tbsorbed by the grounl~state atoms of the element and

the cxtent of absorption {or degrece to which the

incident light in diminished on passage through the flome)
is o measura of the concentruation of the speciles of the
abaorhing AL0M.

In ntonmic absorpilon spectroscopys the gource of
the incident light is usually a “"hollow cathode" lamp
degipgned to emit characteristic gpectrum lines, including
the rescnant wavelengths of the element in guestion.

The wavelength, reduced in intensity fter possare
through the flame, are igolated by means of a grating or
prism monochramator, and their intensities mecasured by

a photomultiplier tube, as done in both nolecular
absorption spectroscopy and flome (emission) photometry.

In atomic absorption spectroscopy, selectivity is
achieved by the narrowness of the band of incident
enerpy provided by the hollow cathode lamp, the effect
of continuous radintion from the flame being eliminated
by means of a wmechanical interupter, or pulsed power
gupply in the source which is tuned to an alternating
current deloctor circuit in the receiver. In rniocleculor
abaorption spectroscopy selectivity is uchieved by

enguring the absence of other absorbing spsescles through
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preliminary trentment which may involve isolation of
the denired species.
istomic absorption spectroscopy, the techninque
anl applications which are the subject of continuous
researzh (15, 36. 37, %8), has sceveral attractive
advaninges over the other techniqgues. For example,
it has a high selzctivity, low limits of detection,
and nany elcments can be determined from one solution,
The Tew interfercnces that are at times encountered
arise nainly from ionization of free atoms of the elements
malysed and the formntion of involatile compounds in
the atomizer, These can be suppresced by us2 of

ionization buffers and releasing agents.
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2 A4 XDPERINENDAL

2.1 Experimental Spproach

Muciy of the previous work has involved the use f
procedures vhich could be used for rapid analyeis of
typical slags and other szamples, with a minimum loszs in
accuracy and precission. This might enable slags talien
at any particular time from smelting furnaces to be
rapidly analysed and may subsequently lead to the control
of products to desired specifications. These procedures
may perhaps be the almg of commercial Dpractices which
require maximum possible immediate use of these analytic?l
data. In laboratery cxperiments however, the mothods
and techniques used though slow, may invariably result
in the production of better and more reliable resulis,
Correlation of analytical methods and results with
actual comnercial reguirements are thersfore bound to

be a difficult exercise although it is to be envisaged
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that any result produced can in the ¢cnd be of consideradle
interest to the industrialists,

The experimental cechnique first involved preliminary
qualitative tests on sample in solution using atomic
abgsorption and spot tests to detect elenents present and
getting a liown weight of the sample into solution and
deternining the amount of some of the clements by an
atonic abgsorntion spectrophotometer toagether with any
ether available methods Some of the elements were also
estinated by grovimetric method (e.ge tin), €etece

Samvling was by coming and quartering (8).

2,2 Hatereials

The tin slags and hardhead used for part of this
work were supplied by /‘malgamatel Tin Mines of Nigeria
Ltd., Jos, Nigeria. The No.1 clag is a first run slag
Trom primary smelting and is tin rich, while that produced
from first slag gmelt is 0,2 slag. The fuming with
gypsium to recover tin from Yo,2 slag produces the
third and final slag,

Ferrous clags are hard to come by in this country
since the Nigerian Iron and Steel plants are not yet in
operation. The ferrous slags used were thercfore those

from iron-vorking (primitive practice) around Samaru.,
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The smples werce excavated and supplied by Dr. J. E. O,
Sutton (7n .rcheologists i1 the Depariment of iistory,
hnadu Tello Universisy, Jaria). The sites are generally
situated close to ouicrops of thce ore in the Upper Kubanni
Valley and Samaru Yest, and the glags kept in heaps were
nunbe ed 1 40 I (henee slag heaps 1 to L)

The 'Older and Youngor Laterites' were picked in
the sanme survoundings as the ferrous zlags.

The ~luminum alloy was supplied by the Defence

Indugtries CUorporation of Nigeria, Kaduna.

25 Sanple Freparation

Initial efforts to prepare samples were directed
towards easy and fast means of dissolving the samples
particularly the refractory anl resistant slags and laterites.
laterites. BStraight forward fusion of slags and laterites
with anhydrous socdium carbonate in a platinum crucible
showed that aftcer cvaporation to almost dryness and
leaching with aqua regia, silica precipitated and could
be determinced. The filtrate and washings collected in
a volunz2tric flask and made up ‘'to specified volumes
thereforc formed the stock soluticns fer the estimation
of the other constituents present in the slags and

laterites.
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-1l the experiments on the =analysis of slags, laterites
and hariheat were taerefore carvied out bty fusion cf
powdercd samples with anhydrous sodiun carbonate.

The sanvles were driel to constant weight (e.z. at 110°C
for 2! hours) and vhen necessary samples were ground
until 21l of the samples had very fine particles,

The weight of the samnples uced for each decomposition
procelure wzs smail (1.00g), so that leaching after
fusion could be relatively casy.

The dissolution of aluminum alloy presented no problem.
4 small weight (0.500g) tenled to dissolve easily in 50
per cent hydrochloric acid, the residue being treated
for the estimation of silica and the solution used for

estimating other elements present in the alloy.

2¢4 Digsolution of Oanples

.dthough fusion with anhydrous sodium carbonate
is one of secveral alternatives suggested for the decon-
position of slags and other refractory materials, the
use of %his flux now forms part of the popular technique
for such materials. Not surprisingly, the experimecatal
conditions are of critical importance, and several
materials may be founi to exhibit undersirable properties

as test conditions vary.
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The several digsolution procedures had already been
diseusgsed and the wet analysis technioue supplenmcnted
by gravimetric methodl was used. Experiments were carriled
out using malytical grade reagents when available.

Ag previously inlicated, 1.0z of sample such as slags,
laterites and hardhead (which had been finely crushed,
dried to constant weight and stored in a desslcator)

was thoroughly mixed with anhydrous sodium carbonate
(5¢) in a platinum crucible and the mixture covered with
additional Tlux (1g). This was fused in an electric
nuffla furnace at 100000 for 30 minates, The gadidilied
melt was allowed to cool te about 30°C and loosgened from
the e¢rucible -with hot water in a 400 ml beaker. The
resulting gsolution was evaporated to dryness and the
residuc digested and leached on a hot plate with agqua
regin, The precipitated silica was filiered off, ignited
to constant weight at "10000 in a murfle iurnace and the
silican content determined as silica, The filtrate and
washings were transfered to a 100-ml., volumetric flask
anl made upto the mark. After preliminary qualitative
analysis, aliguots were taken from this stock sample
solution for the estimation of the different constituent

elements,.
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The aluninun 2lleoy (0.5z) was dissolved in 50 per
cent hylrochloric acid, The rcsidue was treated for the
estimition of silica as earlier mentioned. The Tiltrate
was nlso traated as abvoe and the elements determined

by differcnt tcechniques.
2.0 Jebempinatden of Blements

Zeel  Introduction

It nay ve of interest to explain how the scveral
data concerning the determinations were obtained.
The amount ol element of interest present in the solution
was conpared with the amount of sample initially used in
order to evaluate the percentagre composition of the
naterial. In each case, the datn may be the average of
two or nore determinations while the results obtainad
by a particular methol were compared with those obtained

from othe~ technigues.

2.5.2 ZLpparatus

The apparatus used in most of the determination of
elements is very simple, For iodimetric titration of
tin, a 300-ml Erlonmeycr flask (fitted with a stopper
having provisions to lead in the titrant and sodium

bicarbonate solution for generation of 002) was used
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Spectronic 20 photometer wans used for photometric
dterminations and a Unicam SP1900 Atomic Abgorntion
Spectrophotometer was also used for determination

of several elements whose lamps and flame system were

available.

2.5.3 Determination of Tin

The amount of tin in the samples was determined by
titrimetric and photometric methods. In the first,
50ml aliquot of the stock sample solution (see section
2.1} and 2ml of concentrated H,80, were evaporated to a
meist residue on a water bath in the flask and allowed ta
cool, About 100ml of water was added feollowed by 50ml of
concentrated hydrochloric acid and the mixtufe gently
warmed until the solution was clear.

The apparatus was then asgembled, about 2g of test
lead put in the flask follewed by 10ml of saturated
sodium Dicarbonate solution and the stopper immediately
replaced. After the removal of any air in the flask by
suction of the bicarbonate solutiocn into the flask (which
generated 002), about 5ml of starch soclution was added
and the tin solution immediately titrated with standardi-
zod jodine solution. The solution was constantly agitated
by ewirling and the end peint indicated by blue coloration.

The +in content was caleulsted from the relation that



1nl 0.1l Todine solution = 0.005935g Sne

In the jhotometris determination of 4in with dithiol
(Toluene =2, 4= dithiol), tin was first separated from
iron in th. test solution. To rchieve this, 25 111l of the
stock sampl: solution wags evaporated to a moist residue
on 2 water bath and 25 ml of acid solution containing
2.4 ml concentrated HC1 per 100 ml of water aided,

Tin wns precivitated as a sulphide by passing in st

gase The precipvitated sulphide, separated from the super-
natant ligquid crntaining iron and aluminum was redissolved
in a minimum amount of agqua regia and made upto 50 ml

with wvater, Exactly 5ml of this solution was neutralised
vith ammonia, 0.5 ml of concentrated hydrochloric acid

was added follewed hy 0.5 ml dithiol solution. The
amixture was boiled for 1 minute and after cooling shaken
with 2 nml of gum arabic (10% in water). The absorbance

of the resulting solution was recad at 530 md in Spectromic
20 photoneter,

Calibration standard tin solutions (different
concentrations) were prepared making sure that all the
reagents present in the test solution were added.

Their absorbance were noted and a calibration curve
plotted,s From the calibration curve; and the absorbance

read with the test solution, the tin content was deduced.
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2.5.4 Detorination of Iron

Two nethodls were used for the determination of iron-
Colorimetric determination with potassium thiccyanate
and aternic Hsorption spectrophotometer. In colorineteric
deternination, 25 ml of sample stock golution wus evaporim
ted +0 moist residue and then disgsolved in 25 ml of 6GkECL,
The iren wus cextracted from the sclution with threc
25 ml portions of ether., The iron was later renoved lron
the conhincd extracts by extraction with another thrce
25 nml porticnz of wnter. .ny traces of ether in the
agqueons extract was boiled off on a water bath and the
final solution made upto 100 ml,

To 5 ml, of this test solution in n 50-ml volumetric
flacgk, 5 ml of conc. JCL, Bml of acetone and 12nl of
thiocyanate solutions were ndded and made upto the nark.
Colorimetry was carried out at 480 my and the iron content
determined from a calihration curve plotted using standard
iron solutions,

Chemienl analyses of iron (mnd some other metals,

Ca, Mg, e.t.c.) were also carried out using a Pye Unican
SP1900 4Ltonic fAbsorption Spectrophotoueter (iiei.S,)
(15). Somples for analyses were crushed and ground and
1,0 of the powdered samples were fused and leachedin
acid according to standard procedures., 1000 ppm stocl

iron solution was prepared using analytical grade reagentoe
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On the Unican SP1900 Atomic .bsorption Spectrophoto-
meter, which has continuous seale expansion and curve
correction fanciliti:s +the sample concentration can
be displayed. dircctly. Thus twos standards prepared
from thz 1000ppm stock solution (by appropriate
dilution) were required - the higher standard containing
a concentration of the test elemert above the cstimated
maximuir concentration in the sample and the lower
stanlard containing exactly half the concentration of
the test element in the higher stardard. Care was
taken so0 that standards were compensated by the addition

of all reagents present in the tegt solutions,

2¢5.5 Determination of Alumirim

This was carried out using gravimetric and photometric
nethods.

Gravimetrically, after separation of iron from 25nl
of sample stock solution by extraction with ether
(section 2.5.4) from 6 !-!Cl solution, the water extract
was made up to 100ml and neutralized with ammonia until
a faint turbidity was observed, The turbidity was
cleared by redissolving., ¢his with 2 drops of HCl;

10 g of NHhCI was added and the mixture heated to
boiling. Pyridine solution (20%) was carefully added
drop by drop to the boiling solution (while stirring)
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until nethy. red indi:ato~ changed colour and then
15ml cexXcess addeldl, JIter voilins the mixture for 30
nimites; th: preipiiate which coayulated and settled
was filterc? and wash 1 with 3% monium chloride
solution coutaining o few drops of pyridine. The
precipitate was irmited to constant weight at 1200°C
and the amount o7 aluninum estimted (/1 = 0.5291
Alzoj).

In the photometric determination of aluninum with
oxine, 2ml of tartaric aecid (10%) and 1ml of hydrogen
peroxide (10 volume) were added to 25ml of weakly
acidic test solution (obtained by appropriate dilution
of thz stock solution). The mixture was allowed to
staml for» 5 mninutes before 5ml of sodium sulpvhite
(20%:) was added and af'ter a further 3 minutes, 10ml
of potassium thiecyanide (13:) was added. The solution
was heated to 70 - 80°C and later coclea to 25 - 30°C.
Finally, 23 of amnonium nitrate was added and tihiec pil
aljusted t2» 6.9 # 0.3. The solution extracted with
four 5nl portions of oxine solution (2g in 100 ul
chlordform) wes collected in o 50 ml volumetric flask
and made to the rmark with chloroform.

A colorinetric estimation of aluminum was carried

out at 389 my comparing with a blank containing identiecal



54
reagenis as the test solutions., A calibration curve
wes plLotted using standard luminiim solutions and the
amount of aluminan in the t.ost s~lutions determined from

the calibration eurve.

2.5.6 M&mﬁmzt&qn_ﬁma.g%.ﬁc&w and Other
Clements (Pb, 4n. Cu, Id. Co, and Cr)

The amountsof thcse elements were determined using

atomic absorption spectrometer. As already described
(section 2.5.4), samples for analyses were crushed and
ground and 1.0g of the powdered samples fused and
Gissolved in acid according to standard procedures.
tondard solutions were prepared using analytical
grade reagents. Calibration graphs of the percentages
of the required elements in the standard sclutions
versus optical density were plotted and the percentage
of the elements in the dissoclved samples obtained
from the graphs.

On the Unicam SP1900 Atomic Absorption Spectrophoto-
meter. the graphical method of calibration may be
eliminated depending upon the concentrations of the
elements in solution, This is because of the scale
expansion and curve correction facilities, while the
digital read out and autozero systems enable element

concentration to be displayed directly (section 2.5.4).
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This method was npplied to metals with reasonsably low
concentrationas. In this method, only two standards
were reoulred ~ the on: with a concentration of the
elenent of .nterest sLgnificantl, above the estinated
nesrimm concentration (higher standard) in the sanple
and the sscond (lower standard) containing exactly half
the concentration of the element of .interest in the
standard with high conecentration.

Ionization interference during ithe estimation of
caleium and magnesium wns eliminated by the use of
0.1%: lanthanum {as chloride) in both sample and

standaxrd solutions.

2+5.7 Determination of Manganese

This was carried out colorimetrically by the
periodate method. Exactly 25 ml of the aluminum slloy
gtock solution was evaporated to dryness and the residue
redissolved with 50ml QL5 stou in a 100nm1l volumetric
flask plus 10ml of concentrated HQSOu followed hy 10

ml of concentrated phosphoric acid, .Jbout Q.4 of
potassium periocdate was added the asolution hented for

10 mimuces at sbout 90°C, After cooling, the soluiion

waz made up to 100ml and a colorimetric estinmation qarried

out at 552 nmuy using a Spectronic 20 photometer,



The concentration of manganese in the sample was

determined from a calibratien curve.
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CHAPTER ITT

% RESULTS AND _DISCUSSION

3.1 I ctig S

In this Ghangr, the resulte of the chemical
analyses of all the materials provided are given and
discussed., They are divided into four sectlons;
results obtained uéing tin slags and hardhead, which
will provide data on the metal compogition of tin
smeltiné slags; regults from experiments on primitive
iren slags for comparison with modern iron making practices;
and a few results on aluminum alloy which may inmdilcate
the probable approximate cowpositlon ¢f the alley.

In order to facilitate discussion of the efficiency
of the primitive 1lron smelting operations, analyses
were carried out on laterites plcked on areas surrounding
the sites of the excavations, Additionally, the resultis
obtalned by other workers on similar materials have been

considered and the_few results of their tests are presented
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for comparison,

The analytical data for the different samples are
given in Tables I (Tin slags and hardhead), 2(Ferrous
slags), 3(laterites), and 4(aluminum alloy). The results
of other workers on a few similar samples have been

tabulated in Appendices I - IV,

3,2 T4in Slags and "Hapdhgad"

Table I lists the chemical analyses of all the tin
samples (Noi1, No,2 and final tin slags and "hardhead")
investigated, as determined by means of atomic absorption
spectrophotometer in this department and other techniques
ag inlicated. A critieal appraisal of these results
reveals that each slag retreatment leads to a diminishing
amount of tin in the resultant slag. This is not
unexpected since the smelter aims at maximum recovery
of tin present in slags. Of more interest i8 the actual
amount of tin in each slag. It can be seen from Table I
that in the No.1 slag, the approximate amount of tin
is 17 percent, No.2 slag about 3 percent and the final
slagq about 0.5 percent. This inmdicates an efficient
smelting practice because conventional smelting operations
aim at about 20 - 4O percent Sn in the primary slag
(No,1 slag), 3 - 7 percent Sn in No,2 slag and less than



59

1 percent 38n in the final slag. These relatlvely low
ocongentrations of tin in the slags {compared to other
major world tin smelters) are cbtained because of the
nature of the cassiterite concentrates treated,.

Whereas othepr plants may handle very complex low grade
and "dirty" lode ores, the Jos smelters treat relatively
high grade and clean alluvial concentrates. The process—
ing of the low grade lode concentrate together with the
other minerals associated with 1t results in the
production of larger slagg volumes and accompanying

loss of tin into the resultant slags. Appendix I

lists the chemical composition ofthe final slags Irom
different plants in the world (30) and it can be seen
that even the most efficient of these plants, Matwrer and
Straits plants, still produce slags containing about
2.6% 8n (3% Sn0). It must however be stressed that the
alag compositions from these plants cannot be compared
with that In Jos since the Linal slag from the latter

is obtalned from a funlng ﬁfocess. Secomily some of
these smelters migh not have gone through the two stages
of slag retreatment since these processes depend to a
large extent on the priee of tin in the world market

at the time of operation.

S
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Apart from silicon, the only other element of signi-
Ticant amount in the slags is iron. Initlally, the
amount eof iron ic about 21% in the MNo,i slag (md ;].g
reduced to 17% in the No.2 slag. Thig would bei
expected slnce the iron comblnes with tin during the
glag retreatment to produce "hardhead", a tin-~iron alloy.

The progressive increase 1n the gilica content is
also not surprising because silica and other fluxes
including fresh concentrates (when necessary) are
often added during the resmelting of slags. Hence, as
more tin and probabhly iron are removed from the slags,
the coneentrationg of the slagging materials such as
silicon as silica, calcium as Cald from 03003 and,
aluminum a3 alumina (Pable I) are bound to increase.

The smount of magnesium hag remained almost constant
since this probably arisss from 1ts presence in the
original concentrate. PIEETE I F

The preduct of the secend slag retreatment in nost
plants (first slag retreatment in Jos) is a tin-iron-alloy
known as "hardhead's Analysis of this material has
produced. dhout 7h% Sn amd 18% Pe. The composition of
"hardhead" is often assumed to be about 80% Sn and 20%
Fe, However, hardheads with variable compositions have

been reported e.g., 20% Sn, 60% Fe (19) and 95% Sn,.
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5% Pe (39), The result produced (Table I) though not
exactly as assumed by most authors, is in agreement with
that produced in the Makeri Smelting Company's
Laboratory in Jos. The source of silica in the "hard-
head”™ should be pretty obvisus realising that siliceoms
flux 1s a usual constituent of the feed.,

The reclamation of tin from slags ies beyond the
scope of the present work. However, suffice is to
say that the Jos final slag is not discarded but is
sold for its tantalum, tungsten and nicbium contents.
It is also possible that this slag might be the future
source of the metal when conditions are likely to favour

economic processing of the material,

303 Iron making Slags
The slags produced by the primitive iron smelters

around Samaru were analysed and the results are tabu-

lated in Table 2. These slags (slag heaps 1 - L) were

analysed with the hopenpf supplying some form of

information on their chemical compesitions to the

archeologists, Such data would make the comparison of

the primitive methods with modern techniques poesible.
The metal of intcrests are iron, aluminum and

calcium, As can be seen from Table 2, the amount of iron
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in the slags (Heaps 1 ~ 1) aépeéré.to ve constant

(about 29%). This tremd is alsge abserved for magnesium,
(obout C.2%), caleium (about 0.08% except for slag ieap 2)
and aluminum (sbout 8.0% except Heaps 3 and 4).

The almost congtant amount of these elements in all the
plags ghould be expected since the smelting operations
were probably carried out on identical iron ore deposits
and since the addition of fluxes were not known to

these primitive smelters. This conelusion is in 2greement
wlth Sutton's (LO) and Tylecote's (3) views.

It is postulated that since the sites are generally
close to the outcrops of laterite, that these were
doubtless the scurce of the ore (L0O). This association
is very clear in the Upper Kubani valley and Samaru West,
In both areas, the furnaces are situnted close tolif not
actually right against exposures of the "Clder Laterite’,
This leads one to presuppose that the Older ;aterite
must have provided a much richer iron-ore than the more
ebiquitous "Younger Laterite" which constitutes a sheet
covering over so much of the land either side of the
ubanis This suggestion 1s confirmed by the results
of the snalysis of the Laterites (Table 3) where the
"Older Laterite'" is richer in iron content than the

Younger Laterite" ., At Samaru West, the furnaces are
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actunlly built on this Younger Laterite, but their
propinquity te cxposures of the Older Laterite suggcsts
that the latter was the preferred ore, cven though its
mining and crushing would have required much more labour,
Interestingly, the slags still contain a rather
high concentration of iron, wherens the sources of the
orc appear to contain less amount of iron. This is
understandable realising that the primitive amelters
used no fluxcs to produce slags likely to dissolve most
of the impurities associnted with the ore., Secordly,
the method of smelting was crude and heat was generated
by means of tuyeres which consistecd of clay pipes which
attached the furnace to bellows. This type of heating
device did not produce reasonably high temperatures to
cnsure that the metal and slags werc molten., 8ince no
molten nnd freec flowing slags were produced, there was
likely no effective separation of the sponge iron so
produced from the slag. This perhaps resulted in a
"concentration process" instead i.c. concentration of the
metallic iron into the slags. The output was bound to
be small and the yield poor-in the circumstance. One
other possible cxplanation is the fact that since the flux
was derived from the ore, the metal produced might have

been very close in chemical composition to the ore and
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the amount of slags prddﬁcégfmigﬂ% have been very amall.
Becnuse of the poor quality of the metal produced, it

might have been furthe? treated to obtain a2 purer ncotal
resulting in the prédu;tion of greater amount of slags.
It is juct possible that the latter slags are what have

(RN
e e
(R N

boon crenvated and used for this worke .4

The low contents of the base metai; fe;g. Cn) as
already mentioned is indiecative of the faet that no fluxes
viere added during the smclting operation,

The high content of silicn is not surprising consider-
ing the probable source of the ore. The freqguency of
quartz ball, which were presumably hammers or poundcrs,
as well as granite and quartz "anvils", on the 0lder
Laterite exposures is probably of significance herc.

The compogition of these slags (Table 2) may be
compared with that obtained from modern blast furnaces (L1)
(Sppendix II). It can be seen that whercas the slag in
modern blast furnage contains less than 1% Fec, the
primitive slrgs contain signifieant amount of iron,

It is at once cvident that modern techniques are by far
superior to the olden methods. Therc are hoviever no
data availsblec on the chemical composition of these slags,

so it is difficult to eompare results,
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Jelh Lotorites

The analysis on the laterites suggests somc informative
resulss (Table 3). These may be followed up in futurc
samples from other sites in Samaru (and Zaria in general)
for comparison. .4 glance at the rcesults at oncece reveals
thnt the amount of iron present in the laterites in not
of cecononic value.

The fret that the "Older Laterite" has a higher
anount of iron (217 Fc) than the "Younger Lateritc
(16%) gocs to prove our earlicr claim (section 3.3) that
the latter was probably the source of ore for the primitive
iron smeéltars. It is therefore conceivable that the
"Old er Tiaterite” remaine the source of the "Younger
Laterite”, the latter being the products of weather
transformation and erosion of the former, Dvidencc of
scvere veathering and erosion is still asburdant in the
area,

The high concentration of silicon (siliea) in the
laterites is nprabably caused by the rock type present
in the vieinity. For example intensive gulleying has
revealed unweathered gnesis with quartz veins visible in
rarts of the gulley bottom and in the bed of Kubani:.

The higher amount of silica in the "Younger Laterite" is
probably due to the removal of the resistant sand and
quartz from the Older Laterite and subsequent deposition,
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the siliceous materials being unaffccected by the uwenthering
and crosion pents,

™he results obtained may be comparcd with that
obtainecd by other workcrs (30) on laterites from diffcrent
parts of the vorld (.ippendix III). .dthough there ic no
bosis for comparison, it can only be concluded that the
amount of iron in lateritc varies from locality to
locality.

Cenerally, 2t present the two major metals in laterites
(Fe and .1) are not in sufficient quantity to warrant
their utilizntion as possible sources of the metals,
This 1s because presently, the average metal content
of an iron ore (for cconomic processing) is 4O - 607 Fe and
alunimun 27 - 295, The laterites would therefore requirey
extensive pretrentment in order t¢ upgrade their iron
and aluminuam contents. The procedures for such processes
are sometimes complex and expensive and thercfore
uncconomicnl. The laterites might however serve as future
ore deposits when known rich iron (and aluminhim) ore

reserves have been depleted.,.

3.6 .Jlum Allo
Table 4 lists the approximate constituents of the
alloy. The amount of .1 (89%) which forms the major

constituent of the alloy was at first considerced too highe
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The result was ncvertheless confirmed by several cxpcriments
using different sample stock solutions and an alternative
method. The amount of iron (about &%) was rather
disturbing in view of the fact that iron is 3aid to be
alnost always present as impurity (31). If this is so,
then tlic amount of iron in the alloy would be dependent
upon the source of the aluminum ore and thc extent of
purification of the finished metal. It is thercfore
doubtful that Fe is prescent as an impurity.

From the analytical data (Table 4), it is difficult
to categorically predict the type of alloy because of
the numcrous other metals detccted. It may possibly be
an aluninum - magnesium = silicon alloy. The twoe most
widely used alloys in this group contain just over 3%
magnesium, one of these having nhout 3% silicon and the
other 17 silicon. The prescnea. of lead (0.55%) and
iron in significant amounts makes this suggestion doubtful.
It is 2 qunrternary alloy with Fe or Pb appearing as
impurity. .Jdternatively, it could be a composite alloy
with all the clemcnts as deliberate additions to improve
the mechanical properties of the finished product.
The majority of the mectals (Ca,Cr,Ni,Mn,Zn, cte,) which
were detected are traces and may be of no significanec.

Only about 96.8% of the constituent elements of the
2lloy has been accounted for. The balance (35.2%) nay be
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attributed to other undetected alloying clements which

mny be present in varicus nluminum alloys., Because of

the difficuldty in accounting for the balnnee, the ruthor

¢an only cocnclude that the results obtained reveal
inforrative and apprexinate percentage composition of the
2lloye.e It would have been desirable to know the conposition
of the rest (3.20) but ingufficient nlloy somple vas :

avnilable for thise

N
ety

3¢6 Genepnl Digeussion - . 0 . R

The anlyses of the énm@les (%ﬁbl@ébT - 3) summate
in some cases to figures far bclow 100 per cent and
they refer to dried annples. It is cbvious thnt various
smounts of Ethor elenents nre prescnt in the various
slags and laterites in addition to much {chemically
combined) oxygen., It is suspected that apart from silicon
(vhich wos deternined as silicn), the other netals in
the slags may be present as oxides (c.g. FeO, Cal, 41533,
ﬁi, ote.) nnd silientes which nre infact the usunl
constituents of siags. Similarly, the lateritecs are likely
t0 have the elements present as compounds. For exanple,
the iron nay have cxisted as the oxide (F0203) or the
hydroxide and the aluminum s aluninn (;1203). In most
slag works, determinations of Ca0, 8102, md PO. arc

2°5
usually made for the ad justnent of the slag bnsicitye.
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In n fgw laboratoriés, nore comprehensive analyses are
of ten carried out to provide statistical dntn with o view
to improving metqdl naking vrnetice in future.

These results were obtnained Crom o number of the
usuzal classical and instrumental annlytical methods -
sugh ns titrimctric, gravimetric, atomic rbsorption
spegtraphotonatric and colorimetric methoda. Refercnce
had bhecen made to thoe nccuracies of some of these ncethods.
For exmmple, gravimetric methods are capnble of an nccurncy
and precision of the order of 0.1 percent with any element
whose concentrntion lics within the range 10 ~ 100 perccnt.
The lnck of selectiviity necessintes complete chemical
sgparation. Titrimetric methods are selective and generally
produce accuracies of 0.3 percent, The accurcies and
precisions obtained with atomic sbsorption and colorimetric
methods depend critically on the quality and rcsponse of
the instruments when accurncies of 0.2 - O¢55 are cbtaln-
1. - hr; L e L T
The accuracy aha pfeéiéioﬁ of each method were found
te be pood, the errors and relative meanmdavintions rorcly
excecding 2 poercent. The accurncy'nnd fé}foducibility of
methods were obtained by earrying out threc or morc
replicnte qnalyses on the samples. Oagain, the ncethods

cXhibit an ncceptable degree of nccocurncy.
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= 0n the degompesition procedures, 2 nunber of orkers
(8, 9, 15) have pointed out the high cfficiency of anhylrous
gsodium carbonatc fusion for slags and sinilar mateprinls,
Aany error which could have nrisen from incomplcte
dissolution ray be cuemed minimal.

It woull appear that the decomposition procedure
adapted - fusion with ~nhydrons sodium carbonnate for slags
anl laterites, provides n rapid means of getting the
materials into sclution. .in2lysés for the metals such
as tin, iron, calcium, etc, can be carried out by naking
dilutions of the original stock sclution., For the
aluminum alloy, the hydrochloric ncid decomposition

method on fine powdcred sanple is preferred.

3¢7 Conclusgions

The following conclusions have becen dravm from the

rceceults of this investigntion.

3071 Tin slogs and "hardhead” (Jos), prinitive iron
slngs (Swmaru), Laterites (Samaru) ani an alunimun alloy
(Defence Inlustrics Corporation of Nigerin, Kndunn)

arc nnalysed using common classical and instruncntal
analyticnl methods. The decomposition of slags nnd later
lateritcs by fusion with anhydroys sodium carbonate is
rapidl, rclatively easy and gives accurate results while thc
use of hydrochloric acid is sufficient for dissolving finc

powdercd aluminum alloy.
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3e7¢2« The tin {(metnl of intercst) content of the slugs
shows n progressive dgcreose from 17 porcentlih tho
primary glag to 0.5 percent in the final sloy. This
indicntes n very efficient tin smelting and recovery
processes compared to wnjor world tin smelters. The. iron
content, which is initinlly high in the first run

(primary) slog also shows o progressive decrease.

‘34743, '"Hardhead" has n composition within the expected

ronge - 7% Bn nnd 18% Fe in the present casce.

327¢4e Primitive iron smelting slags in Samaru ares
eontain apprecinble amounts of iron (26 - 3L percent),
gomprred to 0.3 -~ 1.0 percent in modern practices,
indicating that the smelting cperations were crude and
highly inefficient., The low calcium contéents of these
glags may be taken ns n confirmation of the fnet that
primitive iron smelting was characterized by the absence
of external fluxes. The silicn contents of the slopgs are

high throughout. =+ o

C e,

3.7;5. The 1aterites analyséd are of very low iron
cantent, but high in sitica content. Obviously, these
may not serve as economic gource of iron oresg in the
nearest future but might be profitably worked when

known high grade ore reserves have been depleted.
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The "Older Laterite' is however richer in iron conbtent

r.:*‘::
247464 Results of the anrlysis of the ~lunipum zlloy

than the “Younger Laterite™.

ghow thnt it is9 possibly a composite alloy containing
apart from aluminum (about 89%), Pe(5.8E), Si(0.84%),
Me(0.,55%), Pb{0.51%) and Cu(0.12%) as major constituents
anl other elements in more or less trace amounts.

" rl.;\ R .

3eB Bugmestions for Fufure Work

Some aspects of the analyses of some of the samplegs

merit further work, .- b
ot l.a---‘:)*. '. L R

3.84%s Therc 18 no analytical data on the amount of

niobium, tantalum and tungsten in the tin slags in Jos,
although thege elements which are usually left in the final
glags are s0ld .dbroad for their contents. 'isla result

a more detailed analyses could be carried out when it is

hoped the actual percentages of these metals in the slag

would be provided. The analyasis could he carried out

using atomic absorption spectrophotometer supplemented

by other available methoda.

3.,3.2, TPFurther work is desirable on other primitive
slag samples f'rom other localities and aites in Zaria’and Nigeus

in general, The annlysis shouldl not be restrictea to

[
[
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metals alecne but coull he extented Lo include the ﬁonp
metaliic elements like phosphorus and sven carbon which

was found to he present in the slags
oy WA

g L;_:{@Q_“r
ZeBe5e The nnalytical data of the laterites crn be f';f.
extended to include phosphorus and sulphur contents -
vhich are inportant in deciding the suitability of a
particular iron ore Lo specific 1ron and steelmaking
processes, - dditionally, the iron content in the laterites
is the total Fe, and it would be desirable Lo determine
what percentages of FeO, F8205 and possibly limonite (F6203.3H20j
are present in the laterites. Laterite samples from
Samary farms and other parts of Zaria could be determined

R L

Lor comparison. LT

3.8.4, [ more detailed analysis of the aluminum 2llov
should be carried out if sufficient quantity of the nlloy
is supplied. The balance (3.2%) should be accounted for
by gunlitative and quantitative determination of other
elenents which may have been present in the alloy.

The accuracy anl reproducibility of all the methods used

could be ascertained by carrying ocut five or more

replicate angdyses of the alloy.
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Je¢8¢5e¢ Pinally, investigation of the different methods
of decomposing slogs, laterites and other such refractory
materials could prove useful exercise. Such methods
should aim at getting all the samples including silica
(which could be determined by ....reS8.) intc solution,
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Table I: GChemical Analysis of Tin Slags and "Hardhead"
Compound WEIGHT PERCENT
4 O el
Sample Element Method 1 Method 2 Mean
o, 1 _Slag] 8n Todine 16.71|Dithiol 17.01] 16,86
Fe AJA.S. 21 .55 Thioeyanate 20 .25 20,90
A Pyridine L LO|Oxine L3l 4.37
Ca A.A,.8, 3.93|A.A,. 8, 3.79| 3.86
kg AA,S, 0.371A:\.8; 0.38] 0,38
810, |Gravimetric 33.58|Gravimetric 33,40 33449
No, 2 Slag (Methods as for No. 1 8lag)
Sn 2.81 2,91 2.87
Fe 17.15 17501 17.33%
Al 6.10 5.89] 6,00
Ca 5.0) 5.05] 5.05
Mg 0476 0.76] 0476
810, 38.33 37.2% 3778
Final 8ing (Method s a8 for No, 1 Slag)
Sn 0.50 Oolib] 0.48
Fe 12.00 11.52] 11.76
Al 13.24 13402 13,13
Ca 10471 1171111 .21
Mg 0.67 0.72] 0,70
8102 L1.23 40,01} 40,62
Hapdhead (Methods 18 for No, 1 Slag)
Sn 72.51 75438) 73.95
Fe 1731 18.15]17.73
Al 04026 0,021 0,024
Ca 0,008 0.007| 0.008
Mg 0.004 0.005]| 0,005
810, 7.02 6.4U8] 6,75
Fo__ JA.A.8, 0.1314.A.8, .12l 0,13




Table II:

Chemical Analysis of Primitive iron making

Slags around Samaru.

T o S
{ Compound| WEIGHT PERCENT
or R
Sample Element| Method I |Method 2 Mean
Slag Hean 1! e 30,83 28,20 29.52
' A 8433 8.20 | 8.27
Cn 0,081 0,079 0,080
810, L7.48 b7.34 147.41
n 7.87 7.66 777
Ca C.025 0.026 0.026
Mg Q.19 0.22 0.21
8102 53,68 53 .65 53.67
Al 9.37 9«42 9.40
Ca 0,088 0,084 0,086
Mg 0«20 O.24 0,22
8102 LO.75 40,36 L0 .56
8lag Heap L Fe 30,00 28.49 129.25
Al 10.81 10.70 10.76
Cn 0.080 000?8 0.080
0 41,00 . .
S{;a } L0093 (40.97




Table III:

of Loenl

Cheqical Analysig

3 laay

Youncer and Older Laterites'

(Methods as for Tdble I)

T
¥
" -

Co%i?und WEIGHT PERCENT 7
Soanple Element |Method 1 (Methoed 2 | Mean
Younger Loterite .
Fe 16.61 15.39 15.70
Al 5455 546l 5.60
: Ca 0.008 0.005 0,007
Mg 0054 0.048 0.051
810, 63450 63412 6331
Qider Laterite FEEE S
Fe 21,66 20,20 20,93
A 6,83 6.80 6,82
Ca 0.004 0.003 0,004
Mg 0.022 0,021 0002
8102 L8.80 L8, 60 8,70




Table IV: Analysis of Aluminium Alloy

(Methals ns for Table 1)

*

I

A

VEIGHT PERCENT

e o |

1

Elenent Methol *F Method 2 Maan

. ———d
Al 88.57 88.79 88,68
Fe 5.76 5.97 5.9l
Mg 0.55 0.55 055
Ca 0.025 0,025 0,02
si Q.84 Q.87 0486
Pb 0.51{AedeB4) 0.52(ielalse) 0.52
Cu O.12 " .12 " 0.12
Zn 0.073 ™ 0,070 ™ 0,074
Ni 0.03g 0.040 ¥ 0.040
Cr 0,007 " 0,007 " 0,007
Mn 0.,022(Pericinte) | 0.021{Periodate)| 0.022
Co 04016{ 8008y ) 0.014(A.A.S.) 0.015
Totnl | 96.68 96.96 96.82 ]
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Appendix II: A Mdiern.Biast Fufnace Slag Composition
T (Ref'. b1) a .

#

Constituent Percent % Metal

S10. 30 - 38 E

=
Ca0 3y - U5 2l - 32 Ca
A1 04 10 - 20 5 - 10.5 Al
M0 g 1 2-10] 1.2« 6 g
S ol o1 -0
Fe 005 - 100

. N
- ;'l", .




Appendix IIT: Chemical Analysis of Laterites from
Various Locations (Ref. 30).

Percent by Weight
Sample Loecation Iron Oxide,|Silieca, Aluminiug
?5293, Fe Siog_ inge, A%z 3
!rlersonville Prk,

Sumter Co.,, Ga 27 16 041

Appling Co, ’ Ga. 11 27 Lot i
\ '
Kumba Division, [

Caneroon g 31 8.0
Mamfe Division,

Cameroon 32 1 Ol
Ellavilie,

Schley Co., Ga. 10 2.9 75

' Thailand 595 U743 10.2
Bombay, Inlia 2945 U343 12,0
Cape of Good Hope,

South Afric\'\ 31}.5 25.7 19.0
£l Salvador 11.6 349 26.1
Johannesburg,

South Africa 379 31,8 15.0
Kumba, ‘Jest Cameroon 29.2 25.2 2L 8
IlibP@Ville, Gabon : J—L6t3 10.0 27«1
Naiprobi, Kenya 2543 11als 14,6

Average 25.6 244 13.00
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Appendix IV: Chemical Composition of Laterites (Ref. 30)

Extreme, %
Chemical Composition |Average, %% | Low High
AJ..203 ’ . A 20419 247 30, 7
e 7. . 34,6
F8203 L7.5 20.7 31,9
#* Bl Samples
L : ;P

f



