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QUANTI TATIVE DETERMINATION OF IRON AND ALUMINIUM
IN SOME ALLOYS AND SILICATE ROCKS AFTER A CATION
EXCHANGE SEPARATION ON ZIRCONIUM(IV)
PHOSPHO AND SILICO ARSENATES

K.G.Varshney, Sanjay Agrawal and Kanak Varshney
Analytical Laboratories
Chemistry Section
Z.H.College of Engineering and Technology
Aligarh Muslim University, Aligarh-202001, India

ABSTRACT

A rapid and guantitative method hes been developed
for the analysis of some iron and aluminium based
alloys and silicate rocks using zirconium(IV) basead
arsenophosphate angd arsenosilicate cation exchangers,
The method is simple, reproducible and precise with a
standard deviation & 3%, for the direct determination
of iron and aluminium in rocks and alloys. The low
standard deviation values suggest that the method
should be useful for the standardization purposes.

INTRODUC TION

Analysis of alloys and rocks is importsnt in
chemical technology as the presence of various consti-
tuents play a vital role in their applications.

Al though several papers have earlier been published in
this field using well known analytical techniques
(1-5), the ion-exchange technigue is more useful as it
gives fast separation of the ionic species present.
However such studies have been made mostly on orgamic
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resins (6,7} probably because of their excellent
reproducibility and stability.

Inorganic ion-exchangers are well known for their
high selectivity for metal ions and stability at
elevated temperatures (8). Zirconium(IV) arsenophos-
phate (ZAp) and Zr(1IV) arsenosilicate (ZAS) prepared
in these laboratories (9,10) possess exceptionally
good chemical stability and reproducibility in ion-
exchange behaviour which improve further for ZAP on
heating., A possibility of using these materials for
the guantitative separation of metal ions from their
synthetic mixtures and from some real samples has
already been explored earlier in these lahoratories
(10). The present article summarizes our efforts for
a quantitative separation of aluminium and iron from
some alloys and rocks on their columms,

EXPERI MEN TAL

Chemicals and Reagents

Zirconyl chloride used in these studies was of
J.T.Baker Chemical Co.Philipsburg (USA), while tri-
sodium orthophosphate was of BDH, Poole (London).
Di-sodium arsenate and sodium silicate were E-Merck
(Permstadt) products and all other reagents and
chemicals were of analaR grade.

Apperatus

A pye unichem model SpP-2900 atomic absorption
spectrophotometer was used for the quantitative deter-
mination of various elements present in rocks and
alloys.
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Synthesis and Jon-Exchange Capacity of ZAP and ZAS

These materials were synthesized by the methods
reported earlier (9,10) and were thermally treated by
putting them at various temperatures for one hour each
in a muffle fumace. They were washed thoroughly with
dil.HNO, and then with demineralized water (pMw) till
the effluents were free of any metallic or non meta-
1lic impurities as tested by atomic absorption spec-
trophotometry. The Na*-iOn-exchange capacities of
various samples thus obtained are reported in Table 1.
On this basis a heated phase of ZAP upto 200°C
(& ~ZAP) and normal ZAS were used for further studies.

Distribution Studies

The distribution coefficients (Kd) for various
metal ions were determined as usual by the batch
process on ok ~ZAP and ZAS (10). Table 2 shows a
comparative statement of these values in DMW and
HNOS.

TABLE 1

Ion-Exchange Capacity of ZAP and ZAS After Thermal
Treatment

Heating Ion-exchange % Retention in

temperature capacity ion.exchange

(ﬂc) (meq./dry g.) capacity

ZAP ZAS ZAP ZAS

45 0.94 1.30 100.0 100.0
100 0.95 1.30 101.1 100.0
200 1.03 1.25 109.6 96.2
400 0.94 0.46 100.0 35.4
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Analysis of the Samples for Iron and Aluminium

A, Preparation of the Standard Solutions:

The standard solutions were prepared as follows:

Synthetic Alloy Samples

Various metallic solutions were mixed in certain
ratios so that they correspond to the actual metallic
proportions in the standard alloys.

Standard Alloy Samples

An accurately weighed amount of the alloy was
dissolved in a minimum amount of aquaregia followed
by the dilution to a desired volume with DMW.

Rock Samples

Twenty milliliters of 15% NaOH were heated in a
Ni-crucible until melted and then fused with 100 mg.
of the sample for 5-6 minutes at dull red heat
(~600°c). The melt was cooled and 100 ml of DMW
was added. After keeping overnight the liquid was
transferred to a 1 liter volumetric flask containing
40 ml of 1:1 HC1l and the volume made upto the mark
with DMW,

B. Separation and Determination of Fe(III) ana Al (III}

It was done as follows:

Two grams of the 60-100 mesh sized particles of the
ion exchanger in B*-form were packed in a glass tube
having en internal diameter 40,6 cm and fitted with
glass wool at the bottom, The sample solution (1-5 ml)
was evaporated to almost dryness to remove the excess
acid and the residue was dissolved in a small amount
(1-3 ml) of DMW which was then loaded on the columm,
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All the elements except Al and Fe were eluted out
either in DMV or 0.01M HNOz (max.volume ~s 150 ml).
These metals were then leached out with 1M‘HN03 (max.
volume o100 ml) and determined quantitatively by
atomie absorption spectrophotometry. The observa-
tions are summarized in Tables 3-5,.

RESULTS AND DI SC USSION

The essential feature of these studies is to
use inorgeniec ion exchangers for the analysis of
some alloys and silicate rocks. As it is clear from
Table 2, the distribution behavior of ZAP is signifi-
cantly affected on heating. The heated phase of this
material ({-ZAP} becomes highly selective for Al (I11)
and Fe (I1I). Also, zirconium(IV) arsenosilicate
preferentially holds these two ions (10). This
property of these two lon-exchangers has been succ-
essfully utilized for the separation and quantitative
determination of A1(I1I) ané Fe(III) in some alloys
and silicate rocks. When a solution of these samples
(synthetic or real) is passed through the ion-
exchange colum with a very slow rate, only A1 (III)
and Fe(III) ions are retained and others are comple-
tely excluded by the columm simply in DMW or
0.01M HNOB. They are theén eluted out in iM HNO
(Tebles 3~5). The method is quite simple and
requires much less time as compared to the classical

3.

methods, Furthermore, quite a large number of samples
can be analyzed using a single columm because these
materials have shown the excellent reproducibility

in their ion exchange behavior, and then ion

exchange capacity is not affected even after several
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recycling processes. Since ZAS has a high Kd value
for Ni(I1) ions it could not be used for the separa-
tion of iron in the nickel containing steels, For
such analyses, however, of -ZAP is quite suitable
(Tables 3,4).
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