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Abstract: Solvent extraction of iron(111) was carried out with 2.5x102 M of Tri methylamine in
chloroform from hydrochloric, sulphuric and nitric acid solutions. After extraction iron(lll) was
stripped from the organic phase with 1.0 M H,SO,4 and was determined using AAS method. The
extractions were quantitative with hydrochloric and nitric acid systems and 95% from sulphuric acid
solutions employed in the study. Based on the results obtained, estimation of iron in natural and
industrial samples has been attempted.
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Introduction

Iron deficiency anemia is one of the world’s most common nutritional deficiency diseases.
At low levels iron is an essential element in the diet, whereas at higher concentrations it is
toxic. Because of the different biological roles of iron in humans, animals, plants, and
oceans, the need for analysis of iron in environmental and biomedical materials have been
increased considerable attention. Solvent extraction of Iron(l1l) from aqueous hydrochloric**
and sulphuric® and mineral acid®’ solutions by various amines has been studied.

There are no studies reported in literature on the extraction of Iron(lll) with tri
methylamine (TMA). Therefore this paper presents an account on the extraction of Iron(ll)
with TMA in presence of mineral acids. The method of extraction has been extended for the
separation of Iron(111) in different samples.

Experimental

A stock solution (0.25 M) of Iron(111) was prepared by dissolving appropriate amount of
ammonium Iron(111) sulfate (E.Merck) in 500 mL double distilled water. The solution was
standardized volumetrically® with potassium dichromate using diphenyl amine as the
indicator. A diluted solution of Iron(l11) of appropriate concentration was prepared from the
stock solution as per the requirement. A solution of 2.5x10° M TMA in chloroform is used
for throughout the extraction.
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Procedure for iron (I11) extraction

An aliquot (20 mL) of a solution containing Iron(ll) was taken and was added with
appropriate concentration of mineral acid. The resulting solution was transferred to a
reparatory funnel and 20 mL of 2.5x10? M of TMA was added to it. The solution was
vigorously shaken for 5-10 minutes. The two phases were allowed to settle and separate.
Iron(111) from the organic phase was stripped with 10 mL of 1 M H,SO,. The concentration
of Iron(I11) in both the phases was determined by AAS method.

Results and Discussion
Variation of acidity

Iron(111) was extracted from mineral acid solutions (HCI, H,SO, and HNO3) with 2.5x10% M
TMA in and the results are presented in Figure 1. The variation of distribution ratio as a
function of aqueous phase concentration of the acid (HCI H,SO, and HCIO,). From
hydrochloric and nitric acid solutions, the distribution ratio (Kd) increased with increasing
the concentration of the acid up to 9.0 M (Maximum extraction of 99.31% & 98.57%
respectively) and remained constant up to 11.0 M acidity. The extractions are nearly
quantitative. On the other hand the extraction from sulphuric acid solutions (by TMA in
chloroform as a function of acidity), the distribution ratio (Kd) gradually increased with
increasing the concentration of the acid up to 10.0 M (maximum at 94.07%) followed
decrease in extraction is observed.
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Figure 1. Variation of Acidity

Composition of the extracted species

The extraction isotherm method® and distribution ratio method'® were employed to
determine the composition of the extracted species. In the extraction isotherm method the
limiting ratio of the metal to TMA was found unity with all the acid systems (Figure 2).
With all other factors being kept constant, Iron(l11) was extracted with 20 mL of TMA with
concentration, varying from 1.0x10? M to 4.5x102 M. The log-log plots of Kd vs. TMA
from various acid solutions gave straight lines of with unit slope expect sulphuric acid media
(solvation number is two). Figure 3 corresponds to plot from hydrochloric acid media.
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Figure 3. Extraction variation

Effect of various stripping agents

After extraction, Iron(111) was stripped with 20 mL reagents of various concentrations (0.1-1.0 M)
of HCI, HNO3;, CH;COOH and H,SO, solutions. It was observed that 1.0 M H,SO, alone is a
good stripping agent. However in no case the acid strips out all the Iron(lll) in a single
extraction. 99.7% Iron(l11) could be recovered from organic phase by making contact three
times with equal volumes of 1.0 M H,SO,.

Extraction mechanism

From hydrochloric (Smulek'") and nitric acid solutions:

TMAHCI + Fe* + 4CI [TMAH+ FeCl] o + CI
TMAHNO; + Fe** + 4NOy [TMAH+ Fe (NO3)*] oy +NO;
From sulphuric acid solutions:
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2(TMA);S0,+ 2Fe® +2S0,% + 2H;0g = [(TMAH),S0,.FeOH(SO4)2]o org + 2H*

Analysis of iron in natural and industrial waste water samples

The validity of the method of extraction for recovery of iron has been tested in different
samples. The samples were weighed accurately (0.5-1.0 g) and finely powdered in a mortar.
An exact weight of the powdered sample was dissolved in an aliquot of aquaregia.

The solution was evaporated and extracted with dilute hydrochloric acid solution. The
mixture was shaken well for about 15 min. Then the mixture was diluted by 0.01 M HCI
solution to the mark and then filtered by Whatmann filter paper No. 40. The first portion of
filtrate was discarded. The clear solution obtained was made up to 100 mL and used as stock
solution. 20 mL of this iron solution was shaken for five minutes with an equal volume of
2.5x10°% M of TMA.

An aliquot (20 mL) of the filtered effluent sample was heated to 1/5" of the initial
volume. It was then made up to 100 mL. 20 mL of this solution was extracted with an equal
volume of 2.5x10 M TMA in chloroform. After separation of two phases, Iron(l11) (present
in both natural as well as industrial sample) from the organic phase was stripped with 10 mL
of 1.0 M sulphuric acid and was determined by AAS as described earlier. The results
obtained in these studies were compared by extracting iron from synthetic samples with %
composition Fe = 1.0-3.0 ppm, pH =2.5 and NO3; = 1.0 M (Tables 1& 2).

Table 1. Estimation of iron in food and vegetable samples

Sample Iron present, %  Iron found by extraction, % % Recovery
Green gram 4.05 3.92 96.8
Raw rice 30.0 29.51 98.37
Spinach 20.0 19.06 95.45
Soya beans 20.0 19.82 99.10
Table 2. Analysis of Iron(l11) in industrial (plating) waste water
S.No. Date Effluent sample  Extn. method, ppm  AAS method
1 01-02-2014 1 2.25 2.17
2 15-02-2014 2 2.34 1.99
3 01-03-2014 3 1.91 1.80
4 15-03-2014 4 2.24 2.37
5 01-04-2014 5 2.10 2.09
6 15-04-2014 6 2.08 2.01
7 01-05-2014 7 1.52 1.42
8 Effluent 1.(Before -—-- 2.6
sample : recycling)
9 2.(After -—-- 0.35
recycling)
Conclusion

It was observed that within a amount of time, determination of Iron(Ill) content can be
performed effectively. The current method has practical utility as Iron(l11) can be separated
from electroplating effluents that contain chromium, cadmium and zinc (under the
experimental conditions). It can be concluded from these studies that the proposed method
and AAS method were in good agreement with each other.
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