
INTRODUCTION

Silica, along with lime and iron oxide, is
an important fluxing component in the metallurgy
of lead by the conventional   blast furnace route 1.
The hardness and structure of lead sinter is
influenced as much by silica as by lime and iron
oxide 2 .The composition of the fluxing   components
such as silica, iron oxide lime and alumina are to
be maintained properly to obtain a good free flowing
slag at the temperatures of operation so as to have
productivity of standard lead. Silica from hard coke
added in the blast furnace is also taken into account
while fixing the fluxing components. Further lead is
another important element   to be analyzed in lead
blast furnace slag to monitor the losses of lead
along with silica.
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ABSTRACT

In Practice two samples have to be proceeded separately to determine both lead and silica
in lead process samples like concentrates, coarse sinter etc. In the present recommended
procedure, the lead and silica are precipitated together by using   acid fuming, but, instead of using
ammonium acetate treatment to separate lead and silica, a mixture of hydrochloric acid-sodium
chloride is used to achieve the same purpose. This helps in determine all the components of lead
process samples from the same solution without loss of accuracy in any of the components. This
method saves considerable time and especially useful for routine analysis in process control lab.
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Though the analysis3-7 of lead processing
samples is practiced since long in smelter industries
and procedures are recorded in literature, certain
interesting observations 8, 9 have been made with
the behavior of silica in these procedures and
consequent introduction of errors. If lead has to be
determined from the filtrate after silica
determination, the whole filtrate has to be
evaporated and fumed with sulphuric acid to
precipitate lead as lead sulphate. This becomes a
very tedious procedure. Further if the initial digestion
is conducted using sulphuric acid fuming to
precipitate silica and lead together ,the subsequent
ammonium acetate treatment to solubulise lead will
also lead to some losses of silica9 , thereby making
silica determination from the residue a little
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inaccurate. The other fluxing components can
however be determined form the solution after
separating both lead and silica

The present study deals with the studies
and develops a procedure for the satisfactory and
accurate analysis of lead processing samples for
the determination of lead and silica simultaneously
for all its components which could be more useful
for a process control laboratory

EXPERIMENTAL

Reagents
All the chemicals used are of analytical

grade

Concentrated hydrochloric acid, nitric acid,
sulphuric acid, hydrofluoric acid, perchloric acid,
hexamine powder and ascorbic acid are from BDH
Analar grade.

Xylenol  orange indicator
200 mg of xylenol orange tetra sodium salt

is dissolved in 100ml water.

Hydrochloric acid-sodium chloride mixture
Diluting 200ml of concentrated

hydrochloric acid with 1500ml of water and
saturating with sodium chloride.

Ammonium acetate solution (20%W/V):
200gm of ammonium acetate are dissolved in 1 lit
of water.

Procedure
About 0.5-1.0 gm sample is weighed into

a 250ml beaker and 5 ml of water is added and
shaken thoroughly so as to make the sample wet.10-
15 ml of concentrated hydrochloric acid is added
gradually from a measuring jar, the beaker covered
with a watch glass and the contents of the beaker
are heated gently for 15mts.5ml of concentrated
nitric  acid  is added and heated to a syrupy state 5
ml of hydrochloric acid is added further ,the
digestion repeated to expel nitrous oxide fumes and
contents are heated to dryness. The beaker is
removed from the source of heat,   cooled and 5 ml
of sulphuric acid is added slowly from the sides of
the beaker .The mixture is heated until dense fumes

are evolved. The beaker is removed from the hot
plate, cooled, 50ml distilled water is added and the
contents of the beaker mixed with a glass rod. The
solution is boiled gently on an asbestos pad for a
few minutes and the beaker is cooled in water. The
contents are transferred slowly through Whatman 1
filter paper .The precipitate is washed with   2%V/V
sulphuric acid and later with several portions of
water, until it is free from acid. The filtrate is diluted
to a known volume, normally ml and analyzed for
other components like lime, zinc oxide, iron oxide,
copper etc., by standard procedure. The residue is
proceeded ass follows for the determination of silica
and lead

Silica
The residue is transferred into the same

beaker and ml of hydrochloric acid-sodium chloride
salt solution is added. The contents are allowed to
boil for 10-15mts on a pad to avoid bumping. The
contents are filtered through ash less pulp or
whatman No.40 filter paper .The residue is washed
several times with hot water and the entire residue
transferred to a funnel The filter paper or the pulp
with the residue is dried and ignited in a weighed
platinum crucible in a muffle furnace at a
temperature of 850-9000c for 1hr.The crucible is
removed from the furnace ,cooled in a desecator
and weight of the crucible with the residue is noted.
The residue is then treated with 4 drops of 1:1
sulphuric acid an 10-15 ml of hydrochloric acid and
heated on a hot plate until it gets dried. Later the
crucible is ignited in a muffle furnace and silica
determined from the loss in weight.

Lead
The filtrate is diluted to a volume of 500 ml

and 30-50 mg ascorbic acid and 6-10 drops of
xylenol orange indicator added stirring after each
addition. The PH of the solution is adjusted to about
6.0 by gradually adding 1gm portions of hexamine
with stirring .Addition of hexamine is stopped when
the solution turns to reddish purple  colour. The
solution is then titrated with EDTA .At the end point
the colour changes to lemon yellow.

RESULTS AND DISCUSSION

The recommended procedure was tested
for lead concentrates from various sources like
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Table 1: Values obtained for silica and lead processing samples

S.                SAMPLE                      Silica (%)                    Lead (%)
No Proposed Practiced Proposed Practiced

Method* Methoda Method* Methodb

1 Blast furnace slag 1 22.0 22.4 1.5 1.4
Blast furnace slag 2 21.8 22.0 1.5 1.5
Blast furnace slag 3 23.4 23.8 3.0 2.9
Blast furnace slag 4 24.7 24.9 7.0 6.8

2 Sinter coarse 1 7.1 7.0 40.0 39.6
Sinter coarse 2 9.0 9.3 44.0 43.4

3. Lead concentrate 1 1.8 1.7 65.3 64.8
Lead concentrate 2 2.0 2.3 63.0 62.6

4. Lead  contcentrate 1 8.0 8.5 43.9 43.5
 Lead concentrate       2 9.0 9.2 44.3 43.9
(Rajpur-Dariba Mines)

a=HCl-HNO3-HClO4 fuming and silica is determined by volatilization with HF on a separate sample

b=HCl-HNO3-H2SO4 fuming .dissolution of lead sulpahate with ammonium acetate and titration with EDTA on a

separate sample.

*= HCl-HNO3-H2SO4 fuming .dissolution of lead sulpahate with sodium chloride –hydrochloric acid mixture. Silica is

determined from the residue by volatilization with HF and titrated with EDTA on same sample

Table 2: Analysis of blast furnace slag

Constituent (%) Sample1 Sample2 Sample3 Sample4

Proposed Practiced Proposed Practiced Proposed Practiced Proposed Practiced
Method* Methoda Method* Methoda Method* Methoda Method* Methoda

Acid insoluble 27.8 26.9a 26.8 25.9a 29.6 28.8a 28.4 27.9a

Silica 22.4 21.9a 22.1 21.7a 23.8 23.3a 23.3 23.0a

Iron oxide 37.0 37.8c 36.6 37.9c 36.5 37.4c 29.4 30.4c

Lime 13.2 13.4c 14.2 13.7c 14.0 13.8c 12.7 12.9c

Aluminium oxide 6.9 7.4c 7.9 7.3c 7.4 7.8c 8.8 9.5c

Zinc oxide 9.3 9.6c 8.7 9.2c 7.2 7.4c 7.8 7.9c

Copper 0.38 0.37c 0.28 0.3c 0.29 0.29c 0.6 0.6c

Lead 1.4 1.5b 1.6 1.5b 3.1 3.0b 6.9 7.0b

a= HCl-HNO3-HClO4 fuming and silica is determined by vitalization with HF on a separate sample

b=HCl-HNO3-H2SO4 fuming dissolution of lead sulphate with ammonium acetate and titrated with EDTA on a separate

sample.

*=The values reported under proposed method are from same sample

c=Fluxing constituents are determined from aliquots of b

coarse sinter, blast furnace slag. The results
obtained for lead and silica from the same sample
are compared with the values obtained for silica
and lead taking separate samples using standard

procedures. The results obtained are presented in
Table 1.Since the purpose of present work was also
to analyze the other routine components such as
lime, iron oxide, zinc oxide ,alumina from the same
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portion of the sample, the fluxing components are
also analyzed from the filtrate solution after removal
of lead and silica. The results obtained are
presented in Table 2 and Table-3.These results also
are compared with the values obtained with the
existing practices, wherein two separate samples
are processed to achieve the same.

CONCLUSION

The procedure now developed by the
author enables the determination of lead, silica
without loss of accuracy in lead processing samples

.In addition all other fluxing components can also
be determined in accuracy from the solution of the
same sample .This method saves considerable time
and labour as the analyst need not resort to use of
two separate samples .This method especially very
useful for process control laboratories of lead
manufacturing samples.
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Table 3: Analysis of coarse sinter

Constituent (%) Sample1 Sample2 Sample3

Proposed Practiced Proposed Practiced Proposed Practiced
Method* Methoda Method* Methoda Method* Methoda

Acid insoluble 11.4 10.9a 12.8 12.4a 13.6 13.2a

Silica 7.0 7.1a 7.5 7.3a 9.0 9.4a

Iron oxide 20.4 20.5c 18.2 18.7c 19.4 19.6c

Lime 9.4 9.5c 6.8 7.1c 5.8 6.0c

Aluminium oxide 5.2 5.4c 4.9 5.2c 5.1 5.4c

Zinc oxide 6.2 6.4c 5.8 5.9c 7.0 7.2c

Copper 0.58 0.6c 0.92 0.9c 1.2 1.2c

Lead 40.0 39.6b 44.0 43.4b 37.3 37.0b

a= HCl-HNO3-HClO4 fuming and silica is determined by vitalization with HF on a separate sample

b=HCl-HNO3-H2SO4 fuming dissolution of lead sulphate with ammonium acetate and titrated with EDTA on a separate

sample.

*=The values reported under proposed method are from same sample

c=Fluxing constituents are determined from aliquots of b
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