
Mermnonal Conference on HAZARDOUS WASTE: Sauces EffecU and Management

'-^^^^^ Hi
EG0000163

MC-20

The Use of Some Hydrazine Derivatives in the
Separation and Microdetermination of Aluminum

A.A. El-Asmv, S.E. Ghazy, T.H. Rakha and E.M. El-Kady
Chemistry Department, Faculty of Science, Mansoura University,

Mansoura, A.R. Egypt.

Abstract
The economic importance of aluminum metal pushed us to evaluate

a rapid and accurate method for its separation and determination. The
study introduces Girard' s reagent P(HAPH) as a good chelating agent for
the flotation of Al(III). The different parameters affecting the flotation
separation process are investigated in detail. It was found that lxl 0"4

mol/L HAPH is sufficient to separate 2.5x10° mol/L Al(IH) using ixlO"3

mol/L oleic acid as a surfactant at pH = 6 and at room temperature (25°C)
with % 100% efficiency. The effect of foreign ions is also studied and the
data obtained show that most of the investigated cations and anions have
no adverse effect on the flotation efficiency of Al(III). The decrease in the
efficiency in the presence of some heavy metals may be due to the
formation of metal oleates. The flotation procedure is successfully applied
to remove 2.5x10° mol/L of Al(III) added to some natural samples
obtained from different locations. Trials are made to suggest the
mechanism of flotation depending on the data obtained from the
physicochemical studies on the solid complexes isolated in the absence
and presence of oleic acid. The use of HAPH was extended to the
spectrophotometric microdetermination of Al in the presence of
K3[Fe(CN)6], PFC, giving Al-HAPH-PFC compound with blue colour.
This gives a new spectrophotometric method for determining 2x10"* mol/L
of Al(III) at 730 nm with molar absorptivity of 3.42xlO3L mol*1 cm'1. The
different analytical parameters are investigated.

Introduction
Aluminum is the most abundant metal0' in the earth's crust (8%). Its

compounds are used in fire retardants to refractories, cement to paper,
paint to toothpaste, abrasives to catalysts and water treatment feedstocks
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to ceramics. Moreover, it is used for the extraction of other metals from
their oxides due to the great affinity towards oxygen(2). Therefore, the
recovery of Al(III) from water, industrial effluents and wastevvater is one
of the goals of many workers.

Numerous techniques have been used to separate metal ions form
aqueous solutions(3'8). Although precipitate, ion flotation and solvent
sublation are used for the separation of different metal ions, little work(9'll)

have been done concerning aluminum.
Several procedures have been reported(l2"16) for the

spectrophotometric determination of Al(III). However, no attention has
been paid towards the use of hydrazine derivatives in combination with
ferricyanide as colouring agents for the microdetermination of the analyte
under investigation.

Experimental
Reagents: Unless otherwise stated, all chemicals used were of analytical
grade. Oleic acid (HOL) was used directly as supplied and its stock
solution (6.36xlO"2 mol/L) was prepared by dispersing 20 mL HOL in 1 L
kerosene. AICI3 (lxlO'3 mol/L stock solution) was prepared in double
distilled water. The hydrazine derivatives, pyridiniumchloride
acetylhydrazine (HPAH), 1-acetylpyridinium chloride-4-phenylthiosemi-
carbazide (HAPPT), 1-acetylpyridiniumchloride-o-hydroxyacetophenone
hydrazone (HPPHH), trimethylarnrnoniumchloride acetylhydrazine
(HATH), and 1-acetyltrimethylammoniumchloride o-hydroacetophenone
hydrazone (HATHH) stock solutions (lxl 0"2 mol/L) were prepared by
dissolving the calculated amount in double distilled water.
Apparatus: The flotation cell was as previously mentioned(17). IR spectra
of the ligand and its Al(III) complexes were recorded on MATTSON 5000
FTIR Spectrometer using jCBr disc. The pH readings were measured using
HANNA Instruments 8519 digital pH meter.
General procedure for the separation and determination of Al(III)
a- For the separation

Suitable concentrations (specified for each investigation) of both
Al(III) and reagent (HPAH, HAPPT, HAPHH, HATH or HATHH) were
mixed followed by 3 ml distilled water. The pH was adjusted to the
optimum value. The solution was then transferred quantitatively to the
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flotation cell and completed to 20 ml with double distilled water. The cell

was shaken well for few seconds to ensure complete complexation. To this

solution, 3 ml of HOL (having definite concentration) were added. The

flotation cell was then inverted upside down twenty times by hand. After

10 minutes, for complete flotation, the concentration of Al(III) in the

mother liquor or in the scum was determined. The floatability (F%) was

calculated from the concentration in the mother liquor according to the

relation: F = (Ci - Cf)/ci x 100%, where Cj and ct- denote the initial and final

concentration of Al(III), respectively. The solid precipitate in the scum

layer was separated from the cell, filtered, washed with double distilled

water, then dried in an oven and dissolved in 5 ml aqua regia and diluted to

the suitable volume required for the complexometric determination. The

F% was calculated as: F% = cjci x 100%, where c; and cs denote the initial

and scum concentrations of Al(III), respectively.

b- For the determination

To 2 ml of Al(III) solution, excess amountof HP AH sufficient for

the determination and 4 ml of 10"3 mol/L of K3[Fe(CN)6] were added and

the solution was completed to 10 ml with double distilled water. The

solution was kept in a water path, thermostated at 100°C, for 5 min to

ensure the complete development of the bluish-green colour. The

absorbance was measured at 730 nm.

Results and Discussion
Separation and microdetermination of Al(III)
Flotation - separation

As mentioned in the introduction part, the separation and
determination of aluminum, especially in aqueous media, are of vital
importance. Flotation technique is simple, rapid, inexpensive and accurate
tool for the preconcentration of trace aluminum from different matrices.
Hence, the present investigation is intended to introduce some of hydrazine
derivatives as chelating agents for the selective separation of Al(III)
through the formation of stable chelate.

Initial experiments were carried out to float aluminum(III) from
aqueous solution using oleic acid without any addition of reagent, it was
found that the separated amount of aluminum does not exceed 75% in a
wide range of HOL concentration. This relatively high value may be
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attributed to the formation of aluminum oleate (since HOL begins to
dissociate at pH>5.2). Moreover, aluminum hydroxide may be formed at
this pH and floated. Therefore oleic acid alone is not the suitable floating'
agent for giving complete flotation.
Selection of chelating agents

Attempts were made to find suitable reagent(s) for complete
flotation. The successful trials prove that the formation of aluminum
complex with some of hydrazine derivatives is the preferable one. All of
the investigated hydrazine derivatives (HAPH, HATH, HAPPT, HAPHH
and HATHH) succeeded for complete separation of aluminum(III) from
aqueous solutions and natural waters. The data obtained are shown in Fig.
1. It is noticed that the higher concentrations of HAPH, HAPPT and
HAPHH do not affect the maximum efficiency while it decreases with
increasing the concentration of HATH and HATHH. This means that the
use of HAPH, HAPPT and HAPHH is valuable in the separation of Al(III).
Moreover, it is obvious that all the investigated hydrazine derivatives
initially give lower flotation efficiency than 100% which may be attributed
to the insufficient amount of the additive reagents, so forming the species
[A1L]1+ and [A1L2]

3+ capable of flotation with oleate ions (OL'). The
maximum flotation is obtained at 1:3 (aluminum: ligand) molar ratio and
exceeds in the case of HAPH, HAPPT and HAPHH. Finally, two of the
three ligands, HAPH and HAPPT, are chosen with concentration equals
four fold that of the analyte.
Effect of metal concentration

Series of experiments were carried out to float different
concentrations of aliiminum(III), 1 -20 x 10° mol/L, in the presence and
absence of lxKT* mol/L of HAPH or HAPPT using lxlO'3 mol/L HOL at
pH ~6. The data are graphically illustrated in Fig. 2. In the absence of
HAPH or HAPPT (curve a), the efficiency (75%) was achieved up to
3X10'3 mol/L of aluminum. On increasing the aluminum concentration, the
floatability decreases due to insufficient oleate ions capable to float all of
the aluminum ions present. In the presence of lxl 0"4 mol/L concentration
of HAPH or HAPPT (curves b and c) the floatability reaches 100% at 1:3
ratio. Thorough sight to the data in curves b and c one can notice that the
complete flotation (100%) was achieved at > 1:3 ratio and below 1:3, it
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decreases due to the existence of insufficient amount of ligand to form
aluminum complex capable to float.
Effect of pH

Different solutions containing the recommended concentrations
(2.5xlO'5 mol/L, Al(III), 1x10"* mol/L of HAPH or HAPPT and lxlO"3

mol/L HOL) were floated at different hydrogen ion concentrations. The
data obtained are graphically illustrated in Fig. 3. As clearly seen, the
flotation efficiency of Al(III) in the absence of chelating agents (curve a)
increases gradually with pH reaching maximum value (-75%). This in
good agreement with the aforementioned data obtained from Figs. 1,2.
Moreover, in the presence of HAPH (curve b) and HAPPT (curve c) the
floatability of Ai(III) increases sharply and reaches-100% at pH 5.5-7.
This maximum efficiency may be due to the presence of OL" ions capable
of floating [A1L3[3+. Above pH 7, the flotation efficiency decreases which
may be attributed to the formation of white emulsion and excessive foams
from sodium oleate that formed in alkaline medium. For further
experiments, pH «6 was chosen and this is obtained from direct addition of
the reagents.
Effect of surfactant concentration

Figure h presents the floatability of 2.5x10° mol/L of Al(III) using
different concentrations of HOL in the absence of chelating agents (curve
a) and in the presence of lxlO"4 mol/L HAPH (curve b) and l x l 0 4 mol/L
HAPPT (curve c) at pH « 6. Close inspection shows that the flotation
efficiency of Al(III) (curve a) slightly increases reaching 75% over a wide
concentration range of HOL and then decreases. Also, curves b and c gave
a similar behaviour but with maximum flotation (100%). It is worthy
noting that, the higher and lower concentrations of HOL (curves a,b and c)
led to a decrease in flotation efficiency of Ai(III) to bind the free Al(III)
ions or Al-complex species. At higher concentration, the decrease in
flotation may be attributed to the fact that the particles change from
coagulation precipitation through coagulation flotation, to redispersion
with an increase in the added amount of surfactant*18). lxlO'3 mol/L HOL
was used throughout the other experiments on flotation of Al(IH).
Effect of temperature

It is worthy noting that the flotation efficiency remains constant
(-100%) in the temperature range 10 - 40°C above which the flotation
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efficiency gradually decrease which may be due to the redistribution of the
floated species or to the instability of the foam layer.
Effect of ionic strength

Table 1 represents the effect of ionic strength on the floatability of
2.5X10'5 mol/L of Al(III) using HAPH or HAPPT (ixlO"4 mol/L)and lxlO"3

mol/L HOL at pH « 6. All the investigated salts have no adverse effect on
the flotation efficiency of Al(III). Only CaCl2 decreases the efficiency to
about 92% or 90% in the presence of HAPPT or HAPH, respectively. This
effect may be due to the formation of calcium oleate. This in consistent
with literature data(19) that the heavy metal and polyvalent metal salts of
soap e.g. Mg2"1", Ca2+, Ba2+

} Fe3+ and Al3+ are insoluble in water and form
curds or lime-soap precipitates that reduce the effective concentration of
the surfactant and adversely affect the performance. An excess of
surfactant can be used to disperse the curd and render it innocuous.
Effect of foreign ions

Using the recommended experimental conditions, 2.5x10'4 mol/L of
Al(III) was floated in the presence of different foreign ions. The data
obtained are given in Table 2. As can be seen, most of the investigated
cations and anions have no adverse effect on the flotation efficiency of
Al(III) at concentrations relatively high in comparison with that of Al(III).
The decrease in flotation efficiency in the presence of some heavy metals
may be due to the formation of metal oleates. This in competition with the
flotation of Al-chelates.
Application

The flotation procedure is applied to remove 2.5xl0'5 mol/L of
AI(III) added to some natural samples obtained from different locations.
The data obtained are listed in Table 3. It is clear that the recovery of
Al(III) using HAPPT is about 100% for all the samples. However, the
concentration of HOL .surfactant is relatively high to overcome the
interferent effect of Ca2+ and Mg2* present in sea and underground waters.
This in good agreement with literature data(19) that if the hardness of water
is not to great, an excess of surfactant can be used to disperse the curd
precipitate which are calcium and magnesium oleates and render it
innocuous.
Mechanism of flotation

In order to propose a mechanism for flotation of Al(III), the

606



complexes formed on the reaction between HAPH and Al(III) chloride
were isolated either from aqueous solution or in the presence of HOL
surfactant (the floated layer). The isolated solids were analysed and the
obtained data are listed in Table 4. The nature of the two complexes may
give insight about the flotation mechanism. The results indicate the
formation of [A1(APH)3] in the aqueous phase, whereas the complex
isolated in the presence of HOL has the formula [A](HPAH)Cl3.3H2O] as
shown'in the following equations

AICI3 + 3HAPH Aqueo^solutiO" >A1(APH)3 + 3HC1

AICI3 + HAPH Scmn layer >AJ(HAPH)C13.3H2O

The infrared spectrum of HAPH indicates that it exists mainly in the

keto form. This suggestion is confirmed on the basis of: i) the v(CO) band

(amide I) is observed at 1692 cm"1, ii) the other amide bands(20), II

(SNH+vCN), III (vCN+5NH) and IV (50C=N) are observed at 1536,

1300 and 674 cm"1, respectively, iii) the two bands at 3664 and 3340 cm"1

are due to the symmetric and asymmetric stretching vibrations of NH2

group while that observed at 1631 cm"1 is due to the 8(NH2) vibration, iv)

the v(NH) band is located at 3246 cm"1 and v) the v(N-N) band is

observed at 1001 cm"1. The i.r. spectrum of [A1(APH)3], shows the

absence of v(CO) and v(NH) bands with the simultaneous appearance of a

strong band at 1573 cm"1 due to a combination of the new azomethine

vibration with that present in the ligand due to v(C=N) vibration of the

pyridine ring. Also, the shift to lower wavenumber of the NH2 bands may

be considered as a strong evidence for the nitrogen chelation. Further

support for oxygen and nitrogen chelation is the appearance of new bands

at 310 and 360 cm"1 due to v(M-N) and v(M-O) vibrations. The above

evidence support that HAPH acts as a mononegative bidentate ligand

coordinating through the oxygen atom of the enolic carbonyl group and

NH2 group. The suggested structure of the complex may be presented as

sliown__in_j;i). The i.r. spectrum of [A1(HAPH)C13.3H2O] shows the

existence of the carbonyl group at 1690 cm"1 but its intensity is very weak

indicating its participation in chelation. Also, the v(NH2) band is shifted to

lower wavenumber indicating the involvement of this group in

coordination. The other functional group bands are more or less

unchanged. The suggested structure is as shown in (2).
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Spectrophotometric microdetermination of aluminum(III)
The application of HAPH is extended to the determination of Al(III)

spectrophotometrically. However, the reaction between HP AH and Al(III)
gives a colourless complex, the addition of potassium ferricyanide (PFC),
to the A1(III)-HAPH system forms a blue coloured compound which is the
basis of a sensitive spectrophotometric method for the determination of
aluminum(III).

The absorption spectra of HAPH, A1(III)-HAPH, HAPH-PFC,
A1(III)-PFC and A1(III)-HAPH-PFC systems are depicted in Fig. 5 (curves
a, b, c, d ande, respectively). Comparing the absorption spectra of these
systems, one can observe that: the spectrum of A1(III)-HPAH-PFC system
has a maximum absorption band at 730 nm. The great blue shift(21) in Xmax

permits an accurate spectrophotometric determination of Al(III); the
absorption spectra of HAPH, A1(III)-HAPH, HAPH-PFC and A1(III)-PFC
exhibit bands at 238, (300, 380), 460 and (255, 348) nm, respectively. The
absorbance of HAPH-PFC system (curve c) at 730 nm is relatively
appreciable, therefore, the measurements must be carried out using a blank
solution containing the same concentrations of HAPH and PFC as that in
die sample solution to compensate the absorption due to this system. The
sequence: [Al], [HAPH] and [PFC] respectively, is the best one for the
formation of the complexes. Solution for measuring the spectrum of
A1(III)-HAPH-PFC system was prepared by mixing 0.5 ml of each Al(III),
HAPH and PFC (10'2 mol/L, each) and the volume was completed to 10
inL with bidistilled water in a calibrated flask. After keeping the mixture
for 3 min. at about 60°C in a water bath, the absorption spectrum was
measured against a blank solution containing the same ingredients except
the analyte, Al(III).

To establish the stoichiometric ratio of the formed compound in
solution, the well known .molar ratio method(22) has been applied. In this
method two series of experiments were conducted at 730 nm. In the first
series, the concentrations of Al(III) and HAPH were kept constant at
SxlO"4 mol/L (1:1 ratio) while that of PFC was varied in the range 1 -
15x10^ mol/L (curve a). In the second series, the concentrations of Al(III)
and PFC were kept constant at 5x10"4 mol/L (1:1 ratio) while that of
HAPH was varied in the range I -15x10"4 mol/L (curve b). The combining
ratio of Al(II): HAPH: PFC is found experimentally to be 1:1:1. On the

608



basis of these results, the formed new compound is [Al(HAPH)]—
[Fe(CN)6] .

The apparent formation constant of the formed compound has been
calculated using Harvey and Manning equation23: The values were found
to be 0.71xl05 (first series) or 2.73xlO5 (second series), respectively.
These values reflect high stability of the formed compound.

To variable concentrations of Al(III) (1-32x10° mol/L), constant
concentrations of HAPH and PFC (15X10"4 mol/L, each) were added. The
absorbance values of A1(III)-HAPH-PFC system were measured at 730 nm
under the optimum conditions (sequence of addition, temperature, time).
Plotting the absorbance values versus the aluminum concentration gives a
straight line passing through the origin. Beer's law was obeyed only at
concentration up to 2x10^ mol/L (5.39 ppm Al3+). The molar absorptivity
(s) was calculated to be 3.42x1031 mol*1 cm'1. Thus, a reliable sensitivity
and reproducibility is obtained when the chemical compound of Al(III)-
HAPH and PFC, is" formed indicating that this method can be used for the
microdetermination of Al(III) ions.
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Table 1. Effect of ionic strength on the floatability of 2.5xlO"5 mol/L of

Al(III) in the presence of HAPPT or HAPH (ixlO^4 mol/L) using

lx!0-3mol/LHOLatpH6.

Salt

NaCl

KC1

CaCl2

Na2SO4

Concentration

mol/L

0.001

0.01

0.1

0,001

0.01

0.1

0.0001

0.001

0.01

0.001

0.01

0.1

% Floatability in the presence of

HAPPT

100

100

99.9

100

99.9

99.7

99.90

99.8

92.0

100

99.9

99.8

HAPH

100

99.9

99.8

100

99.7

99.5

99,85

99.6

86.0

99.9

99.7

99.6

611



Table 2. Effect of some foreign ions on the floatability of 2.5x1 O^mol/L

Al(III) in the presence of PIAPPT or HAPH (lxlO'3 mol/L) using

lxlQ-3mol/LHOLatpH6.

Foreign i#n

Na+

r
Zn2+

m2+

Co*
Fe*

Ag+

Cua+

Li+

Ti3+

w+

Ca*

Mrt2*

Cd2 +

Cf3*

Baa +

Concentration

(xlO3 mg/L)

100

100

100

0.1

0.05

0.05

100

0.05

100

0.5

100

1.0

0.5

0.1

0.05

1.0

0.1

% Floatability ir

HAPPT

99.9

99.8

99.8

99.9

99.9

99.8

99.9

99.9

99.9

99.8

99.9

98.0

98.0

99.8

99.9

99.9

99.8

I the presence of

HAPH

99.9

99.8

99.2

99.8

99.7

99.7

98.0

99.9

99.7

99.6

99.6

96.0

96.0

99.6

99.9

99.8

99.7
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Table 3. Recovery of Al(III) (2.5xlO'5 mol/L) added to some natural

samples (obtained from different locations) using ixlO"4 mol/L

HAPPT in the presence of lxlO'3 mol/L HOL at pH 6.

Type of water (location)

Bidistilled water

Drinking water (Mansoura)

Nile water (Mansoura)

Sea water (Alexandria)

Sea water (Gamasa)

Underground water (Nawasa El-Bahr)

Recovery of Al(ffl)(%)

100

99.9

99.1

99.7

99.4

99.2

Table 4. Chemical analyses of A1(III) complexes.

Formula

A1(APH)3

(in aqueous)

A1(HAPH)C13.3H2O

(in oleic acid)

% Calc.

Al

4.6

7.2

CI

18.1

37.0

% Found

AJ

5.2

7.2

17.8

37.3
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100-

10

Fig. j - FJoatability of 2.5xlO's mol/L Al(lll) at different pHs in the absence of
ligands (curve a) and in the presence of lxlO"1 mol/L of HAPH (curve
b) or R\PPT (curve c) using 1x10° mol/L HOL.

100-

10 15 20

t HoL^mot/l

25 X104

Fig. 2." Floatability of 2.5xlO"J mol/L Al(IIl) using different concentrations of
HOL in die absence of ligand (curve a) and in the presence of U10J

mo!/L of HAPH (curve b) or H APPT (curve c) at pH 6.
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WATHH
HATH
HAPHH

10 15 20
Cligancn,mol/L

25X10,-s

Fig. 3 •• Floatability of 2.5x10'' mo!/L A1(I!1) using different concentrations of
hydrazine derivatives in the presence of U10"3 mol/L HOL at pH 6.

100-

20 X10"5

Fig.i^ .Floatability of diffcrem concentrations of Al(Ill) in the absence of
iigands (curve a) and in the presence of HAPH (curve b) and HAPPT
(curve c), lxlO"1 mol/L, of each, using lx lO J mo!/L HOL at pH 6.
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Fig. 5 Absorption spectra of: (a) SxlCT4 mol/L HAPH; (b) 5x10"* mol/L Al(III)
+ SxlO-4 mol/L HAPH; (c) SxlO"4 mol/L HAPH + 5x10* mol/L
K3[Fe(CN)6], (d) 5x10" mol/L Al(III) + 1x10° mol/L K3[Fe(CN)<J; and
(e) 5x10^ mol/L Al(III) + c.
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