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A simple and rapid procedure was developed for flotation‐separation of toxic metal ions
namely Hg2+, Mn2+ and Cd2+ from aqueous solutions. Thiosemicarbazide derivatives such as:
1‐(amino‐N‐phenylmethanethio)‐4‐(pyridine‐2‐yl)thiosemicarbazide (H2PPS), N‐phenyl‐2‐
(pyridine‐2‐ylcarbamothioyl)hydrazinecarboxamide
(H2PBO),
1‐(amino(thioformyl)‐N‐
phenylform)‐4‐(pyridine‐2‐yl)thiosemicarbazide (H2APO), and 1‐(amino‐N‐(pyridine‐3‐yl)
methanethio)‐4‐(pyridine‐2‐yl)thiosemicarbazide (H2PPY) have been used as organic
chelating agents and oleic acid (HOL) as a surfactant. The different parameters affecting the
flotation process namely, metal ion, ligands and surfactant concentrations, foreign ions
(which are normally present in fresh and saline waters), pH and temperature are examined.
About 100% of mercury, cadmium and manganese ions float at room temperature (~ 25 oC),
at a metal:ligand ratio of 1:2 and at pH ~5. The procedure was successfully applied to
recover Hg2+, Mn2+ and Cd2+ ions spiked into some water samples. The flotation mechanism is
suggested based on some physical and chemical studies on the ligands and metal‐complexes
isolated from the floated layers.
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1. Introduction
Toxic metal pollution is spreading throughout the world
with the expansion of industrial activities [1]. These metals,
which find many useful applications in our lives, are very
harmful if they are discharged into natural water resources and
may finally pose serious health hazards [2‐4]. In other words,
toxic metals which are of great environmental concern must be
removed [5‐7]. Industrial wastewater contains high levels of
toxic metals and in order to avoid water pollution, treatment is
needed before its disposal.
Mercury is considered to be a serious toxic metal pollutant
[8]. Hg induced toxicity is related to differences in species,
chemical form, specimen size and temperature, as well as other
factors [9]. Hg2+ can be methylated to (CH3)2Hg and CH3Hg+.
Therefore, the longer the divalent inorganic mercurials remain
in the environment, the more problematic the lipophilicity of
the product‐organic alkylmercury salt. Since the majority (often
100%) of Hg in muscles is CH3Hg+ species [9], little safety
margin exists.
Cadmium, a heavy metal with limited biological function, is
widely distributed in the aquatic environment as a result of
natural and anthropogenic activities. Discharges containing
cadmium are strictly controlled due to the highly toxic nature
of this element and its tendency to accumulate in the tissues of
living organisms. The harmful effects of cadmium include a
number of chronic and acute disorders such as renal damage,
emphysema, hypertension, high blood pressure, kidney damage
and destruction of red blood cells [8,10].
Manganese is an essential metal ion for life. It is a cofactor
for a wide variety of enzymes, including the oxygen evolving
complex, several kinases, phosphatases, synthetases and oxido‐

reductases [11]. Mn is an essential metal found in a variety of
biological tissues and is necessary for normal functioning of a
variety of physiological processes including amino acid, lipid,
protein and carbohydrate metabolism [12]. It is also widely
employed in industry (e.g. ferro‐alloy plants), in agriculture
(fertilizers and pesticides) and it has recently been introduced
as an antiknock agent in unleaded gasoline. However, exposure
to Mn may lead to accumulation in the basal ganglia of the
brain, where it may have its neurotoxic effects [13]. Therefore,
from the viewpoints of environmental chemistry, geochemistry
and marine biology, it is important to establish a rapid and
simple method for removing Hg2+, Cd2+ and Mn2+ ions from
water.
Numerous techniques for the separation, removal and
control of metal toxicants have been reported [8,14‐16].
Although adsorption has been well established as a technology
for removing toxic compounds from wastes or wastewaters, the
process may face filter‐blocking problems [16]. Also,
sedimentation is a relatively slow process when dealing with
biological materials that are usually of low density. Flotation as
a separation process has recently received a considerable
interest owing to its simplicity, rapidity, economy, good
separation yields (R>95 %) at small concentrations (10‐6–10‐2
mol L‐1), and a large possibility of application for species having
different nature and structure, flexibility and friability of
equipment and processing for recovery purposes [17]. It is
believed that this process will soon be incorporated as a clean
technology to treat both water and wastewater [18]. Therefore,
the flotation technique was used in this investigation.
Ion flotation involves the removal of surface‐inactive ions
(colligend) from aqueous solutions by adding surfactants which
act as collectors. The subsequent passage of gas bubbles
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through the solution transfers the surface‐active ions to the top
[19]. Compared to other separation methods, ion flotation has
advantages in its ease of operation and low costs. It shows
particular promise for treating large volumes of dilute aqueous
solutions [20].
Precipitate flotation is a foam separation process used to
remove surface inactive substances from aqueous dispersions.
The component to be removed is precipitated before the
addition of a surfactant (collector). This may be accomplished
by adding any substance that forms an insoluble compound.
Since the surfactant needs only to react with ions on the
surface, small amounts of collector is required [10]. Moreover,
in this process the separation is obtained at the interface of the
bulk and foam phases without the assistance from the extended
phase, having the advantage of producing dry foam of small
volume and thus allowing the use of compact equipment [10].
Electroflotation (ECF) technology could potentially present
an alternative method for the removal of metals originating
from products or machines facilities. ECF uses small bubbles
obtained through aqueous solution electrolysis to float
particles of a given size to the top. During the process, a cloud
or blanket of finely dispersed gas bubbles is created with the
help of two metallic electrodes (cathode/anode). The fine
bubbles rise and attach to insoluble contaminant particles like
metals or other organic substances. Part of the electrolytic
products in the form of free radicals might also react with
soluble organic matter and may cause considerable
transformation. Several minutes into the process, coagulation
begins which subsequently leads to the formation of a foamy
layer that float to the top of the reaction vessel [21].
Although some work has been carried out for the flotation
of Hg2+ [8,10,14,22‐28]; Cd2+ [8,10,29‐37] and Mn2+ [17,32,38‐
43] from aqueous solutions, wastes and natural waters, no
attention has been paid towards the use of thiosemicarbazide
derivatives in this respect. Therefore, the objective of the
present work was to extend the application of flotation
technique to separate Hg2+, Cd2+ and Mn2+ ions from aqueous
solutions using (H2PPS), (H2PBO), (H2APO), (H2PPY) and oleic
acid surfactant (HOL) under the recommended conditions.
2. Experimental
2.1. Reagents
Unless otherwise stated, all the chemicals used were of
analytical grade and were used without further purification.
Oleic acid (HOL) surfactant was used directly as received. Its
stock solution 6.36×10‐2 mol L‐1, was prepared from food grade
with specific gravity 0.895 (J. T. Baker Chemical Co.) by
dispersing 20 ml in one liter of kerosene. Murcuric chloride
(HgCl2), manganese chloride (MnCl2) and cadmium chloride
(CdCl2) stock solutions, 1×10‐2 mol L‐1, each, were prepared by
dissolving the calculated amounts in double distilled water. The
stock solutions of the ligands H2PPS, H2PBO, H2APO and H2PPY,
1×10‐2 mol L‐1, each, were prepared in dioxane. The solids of
these ligands were prepared by slowly adding pheny
lisothiocyanate, phenylisocynate, benzoylisothiocyanate and
2‐pyridylisothiocanate in absolute ethanol. The mixtures were
refluxed on a water bath for a fixed time (30‐120 min)
depending on the reaction mixture. The products obtained
were crystallized several times from absolute ethanol and dried
in a vacuum desiccator over anhydrous CaCl2. The purity and
properties of the ligands (Table 1) was checked by elemental
analysis (Table 2) and IR (Table 3).
2.2. Apparatus
The flotation cell was a tube of 16 mm inner diameter and
290 mm in length with a quick fit stopper at the top and a
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stopcock at the bottom [44]. There are no instruments on the
market for these techniques and because of the simplicity of the
necessary devices, they are tailored according to the task in
hand. Moreover, the following instruments are available in our
Chemistry Department. The infrared spectra of the ligands, and
their metal complexes were recorded on Mattson 5000 FTIR
Spectrophotometer using KBr disc method. Spectrophotometric
measurements were preformed using a Unicam UV‐2100
spectrophotometer. The pH measurements were carried out
using Hanna Instrument 8519 digital pH meter.
2.3. Procedure
A suitable aliquot containing a known amount of Hg2+, Mn2+
or Cd2+ specified for each investigation, was mixed with one of
the thiosemicarbazide derivatives. The solution pH was adjusted
with HNO3 and/or NaOH to the required value. The solution was
then transferred to the flotation cell and the total volume was
made up to 10 ml with double distilled water. The cell was
shaken well for 5 min to ensure complete complexation. To this,
2 mL of HOL (with known concentration) were added. The cell
was then inverted upside down twenty times by hand. After 5
min standing for complete flotation, the concentration of the
investigated metal ions in the mother liquors was determined
spectrophotometrically using dithizone method at 485 nm (for
Hg2+), potassium periodate oxidant in acidic medium at 528 nm
(for Mn2+) and dithizone method at 520 nm (for Cd2+) [45].
The floatability (F %) of each M2+ ion was calculated
according to the relation :
F % = (Ci – Cf) / Ci ×100

(1)

where Ci and Cf denote the initial and the final concentrations of
M2+ ion in the mother liquor, respectively.
3. Results and Discussion
Several experiments were carried out to investigate the
floatability of Hg2+, Mn2+ and Cd2+ ions using only HOL as a
surfactant. The floatability of M2+ ions does not exceed 40%.
Therefore, an enhancement of the process was required. Trials
were made using some thiosemicarbazide derivatives as
chelating agents. A number of reports concerning
thiosemicarbazides and their metal complexes were established
owing to their chemical and biological activities [46]. Really, an
important number of thiosemicarbazides possess carciostatic
eﬃcacy and substantial in vivo activity against various human
tumor lines [47]. Encouraging flotation results were attained
using (H2PPS), (H2PBO), (H2APO) and (H2PPY) for Hg2+ ions;
(H2PPS) and (H2APO) for Mn2+ ions and (H2PPY) for Cd2+ ions
flotation.
3.1. Effect of pH
pH is an important factor influencing flotation process since
it affects not only the degree of ionization of metal ions,
chelating agents and surfactants but also the speciation of the
heavy metal ions in solution. The metal ions in aqueous solution
are converted to different insoluble hydrolysis products due to
changes in pH. Several experiments were carried out to
investigate the floatability of 2×104‐ mol L‐1 of Hg2+, Mn2+ and
Cd2+ ions vs. solution pH using 4×10‐4 mol L‐1 of each
thiosemicarbazide derivative and 1×10‐3 mol L‐1 HOL. The
results obtained are plotted in Fig. 1 (A, B, and C). It can be seen
that, maximal floatability of Hg2+ ions (~100%) were attained in
the pH ranges of 4‐6, 4‐8, 3‐10 and 4‐9 using (H2PPS), (H2PBO),
(H2APO) and (H2PPY), respectively (Figure 1A). Moreover,
maximal floatability (~100%) of Mn2+ (Figure 1B) and Cd2+
(Figure 1C) ions were attained in the pH ranges of 2‐6 using
(H2PPS) and (H2APO) and of 4‐7 using (H2APO), respectively.
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Table 1. Physical properties of the prepared ligands.
Compound
H2PPS
H2PBO
H2APO
H2PPY

Color
yellow
yellow
white
yellow

Solvent
Dioxane,DMF
Dioxane,DMF
Dioxane,DMF
Dioxane,DMF

M.p.(˚C)
180
270
182
310

Yeild(%)
78
81
79
82

Formula
C13H13N5S2
C13H13N5SO
C14H13N5S2O
C12H12N6S2

Table 2. Chemical analysis of the prepared ligands.
Compound

Mol. Wt.

C13H13N5S2 (H2PPS)
C13H13N5OS (H2PBO)
C14H13N5OS2 (H2APO)
C12H12N6S2 (H2PPY)

303.41
287.34
331.42
304.06

C
51.46 (51.13)
54.34 (54.15)
50.74 (50.35)
47.35 (47.02)

Table 3. Assignment of important bands in the infrared spectra of the prepared ligands.
Compound
ν(C=S)
ν(NH) a, a`
H2PPS
1223,755,850
3099
H2PBO
1247,775,800
3170, 3104
H2APO
1243,701,865
3158, 3100
H2PPY
1218,900,750
3174

ν(NH) b, c
3160
3220
3239
3234

S
21.14 (21.11)
11.16 (11.11)
19.35 (19.31)
21.07 (21.31)

ν(C=C)
1598
1600
1604
1604

ν(C=O)
‐
1672
1675
‐
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3.3. Effect of surfactant concentration

(C)

70
F%

Trials were carried out to float Hg2+, Mn2+ and Cd2+ ions with
HOL only, but the recovery does not exceed 40%, as shown in
curve b (Figure 4A). Therefore, another series of experiments
were performed to float 2×104‐ mol L‐1 of Hg2+, Mn2+ and Cd2+
ions in the presence of 4×10‐4 mol L‐1 of each thiosemicarbazide
derivative and different concentrations of HOL at pH ~5. The
results depicted in Figure 4 (A, B, and C) show that in the HOL
concentration range of 1×10‐3‐6×10‐2 molL‐1, complete floatation
of Hg2+, Mn2+ and Cd2+ ions was achieved, below which the
flotation decreases. This may be attributed to the presence of
insufficient amounts of surfactant required for complete
flotation.

ν(C=N) py
1569
1641
1542
1562

80

3.2. Effect of metal ion and ligand concentrations
Attempts were carried out to float different concentrations
of Hg2+, Mn2+ and Cd2+ ions using 4×10‐4 mol L‐1 of each
thiosemicarbazide derivative and 1×10‐3 mol L‐1 HOL at pH ~5.
The results obtained (Figure 2A, 2B, and 2C) show that the
maximum flotation efficiency (~100%) of these metal ions were
obtained for all the investigated thiosemicarbazide derivatives
whenever the ratio of (M:L) is 1:1 for some thiosemicarbazides
or 1:2 for others. Moreover, when the ratio is smaller than 1:2,
all the chelating agents gave quantitative separation of Hg2+,
Mn2+ and Cd2+ ions which may be attributed to the presence of
sufficient amounts of thiosemicarbazide derivatives to bind all
the investigated metal ions. At high metal ion concentration
more than the ratio of 1:1, the flotation begins to decrease.
Another series of experiments were conducted to
investigate the collecting ability of (H2PPS), (H2PBO), (H2APO)
and (H2PPY) towards Hg2+, Mn2+ and Cd2+ ions using different
concentrations of thiosemicarbazide derivatives and 1×10‐3 mol
L‐1 HOL at pH ~5. The data presented in Figure 3 (A, B and C)
show that, the floatability of metal ions increases abruptly
reaching its maximum value (~100%) at M:L ratio of (1:1).
Moreover, excess ligands have no adverse effect on the flotation
process, thus facilitating the separation of Hg2+, Mn2+ and Cd2+
ions from unknown matrices; 4×10‐4 mol L‐1 of each
thiosemicarbazide derivative was used throughout.

O
‐
5.57 (5.40)
4.83 (4.80)
‐

100

F%

This facilitates the application of some of the investigated
thiosemicarbazide derivatives for the separation of Hg2+, Mn2+
and Cd2+ ions from acidic, neutral and alkaline mediums. The
common pH range in which all the thiosemisarbazide
derivatives gave maximal flotation of the investigated metal ions
was found to be in the range of 4‐6. Hence, pH ~5 was fixed for
further experiments for the flotation‐separation of Hg2+, Mn2+
and Cd2+ ions.

% Calc. (Found)
N
23.08 (22.96)
24.37 (23.98)
21.13 (21.78)
27.61 (27.86)

H
4.32 (4.25)
4.56 (4.45)
3.95 (3.47)
3.97 (4.05)

H2PPO
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Figure 1. Effect of pH on the floatability of 2×10‐4 mol L‐1 (A) Hg2+ ions; (B)
Mn2+ ions and (C) Cd2+ ions using 4×10‐4 mol L‐1 of each thiosemicarbazide
derivative and 1×10‐3 mol L‐1 HOL.
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3.4. Effect of temperature
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Under the recommended conditions, a series of experiments
was conducted to float Hg2+, Mn2+ and Cd2+ ions at a wide range
of temperatures. In order to do this, a solution of Hg2+, Mn2+ or
Cd2+ ions, the thiosemicarbazide derivative and another
containing HOL was either heated or cooled to the same
temperature in a water bath. The HOL solution was quickly
poured into Hg2+, Mn2+ or Cd2+ solution. The mixture was
introduced into the flotation cell jacketed with 1 cm thick
fiberglass insulation. The flotation procedure was then followed.
The obtained results (Table 4) clarified that only H2PPS, H2PBO
and H2APO showed maximum flotation (~100%) of Hg2+ ions in
the range of 5‐ 85˚C, while H2PPY gave its maximum flotation in
the temperature range of 25‐65˚C. Moreover, the maximum
separation (~100%) of Mn2+ and Cd2+ ions were achieved at 5˚C
to 65˚C using H2PPS and H2APO for Mn2+ and H2APO for Cd2+ ion.
Therefore, 25˚C is common between the four ligands and was
used throughout.
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At higher surfactant concentration the incomplete flotation
of Hg2+, Mn2+ and Cd2+ ions may be due to the fact that the
surfactant changes the state of the particles, M‐thiosemi
carbazide precipitates, from coagulation precipitation through
coagulation flotation to re‐dispersion with an increase in the
amount of HOL added [48]. Moreover, the poor flotation at high
surfactant concentration is caused by the formation on the air
bubble surface of a stable, hydrated envelope of surfactant or,
by forming a hydrate micelle coating on the solid surface [49].
As a result, the hydrophobicity of this surface was not
satisfactory for flotation. Therefore, a concentration of 1×10‐3
mol L‐1 of HOL was fixed throughout.

1.4

-3

Figure 2. Floatability of different concentrations of (A) Hg2+ ions; (B) Mn2+
ions and (C) Cd2+ ions using 4×10‐4 mol L‐1 of each thiosemicarbazide
derivative and 1×10‐3 mol L‐1 HOL at pH ~5.
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Figure 3. Floatability of 2×10‐4 mol L‐1 (A) Hg2+ ions; (B) Mn2+ ions and (C)
Cd2+ ions using different concentrations of each thiosemicarbazide
derivative and 1×10‐3 mol L‐1 HOL at pH ~5.
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Under the recommended conditions of the proposed
procedure, the floatabilities of 2×10‐4 mol L‐1 of Hg2+, Mn2+ and
Cd2+ ions from different volumes of aqueous solutions (10 to
2000 mL) in the presence of 4×10‐4 mol L‐1 of each
thiosemicarbazide derivative and 1×10‐3 mol L‐1 HOL at pH ~5
were carried out. The obtained results showed that about 100%
of the analytes were floated from the volumes of 10 to 1500 mL
above which the floatability slightly decreased.

In order to evaluate the capability of the flotation method
for the flotation of Hg2+, Mn2+ and Cd2+ ions from water, various
types of water samples were selected (i.e. soft, fresh and hard
water). The selection of these samples was done in a way to
provide a wide variety of sample matrices, characterized by
different types of interferents. Solutions of pre‐filtered water
samples (10 mL, each) containing Hg2+, Mn2+ and Cd2+ ions with
a concentration of 5 or 10 mg L‐1 were floated under the
recommended conditions. The data obtained are given in Table
6. It is clear that satisfactory flotation results of Hg2+, Mn2+ and
Cd2+ ions were obtained.
4. Flotation mechanism

80

60
50
40
30
20

3.6. Flotation of metal ions from different volumes

3.7. Application

90

80

effect of some foreign ions on the floatability of the investigated
metal ions was carried out. These foreign ions were selected on
the basis that they are normally present in fresh and saline
waters. Solutions containing various amounts of foreign ions,
Hg2+, Mn2+ and Cd2+ ions and each of the ligands were subjected
to the described flotation procedure. The tolerable amounts of
each ion, giving a maximum error of ±2 % in the floatability, are
summarized in Table 5. As can be seen, all of the investigated
foreign ions with relatively high concentrations (in comparison
with that of Hg2+, Mn2+ and Cd2+ ions) have no adverse effect on
the flotation of the investigated metal ions. Therefore, the
recommended procedure may find its applications on water
samples.

0.00

0.01

0.02

0.03

0.04

0.05

[HOL], mol/l
Figure 4. Floatability of 2×10‐4 mol L‐1 (A) Hg2+ ions in the absence (b) and
presence (a) of HOL; (B) Mn2+ ions and (C) Cd2+ ions using different
concentrations of HOL and 2×10‐4 mol L‐1 of each thiosemicarbazide
derivative at pH ~5.

The decrease in separation upon raising the temperature
may be due to the increase in the solubility of the precipitate
and the instability of the foam giving rise to partial dissolution
of the precipitate and insufficient foam consistency to hold up
the precipitate [27]. Since this parameter has an important and
variable influence on the flotation process, it is very interesting
to study each particular case, especially for large temperature
variations [50].
3.5. Effect of foreign ions
In order to assess the applicability of the proposed method
to recover Hg2+, Mn2+ and Cd2+ ions added to water samples, the

The mechanism of the flotation of metal‐thiosemicarbazide
precipitates is suggested depending on the following:
Hg2+, Mn2+ and Cd2+ ions react with the investigated
thiosemicarbazide derivatives in a M:L raio of 1:1 and 1:2 to
give the complexes MHL+ and M(HL)2 according to the following
equations:
M2+ + H2L → HgHL+ + H+
M2+ + 2H2L → Hg(HL)2 + 2H+

(3)
(4)

These equations were confirmed by elemental analyses of C,
H, N, O and S. These complexes have many sites containing
electronegative atoms, such as oxygen, sulfur and nitrogen in
the form of C = O, C = S, NH and C = N, functional groups as
shown in Table 3, capable of forming hydrogen bonds.
The nature of the chemical species of oleic acid in the
solution is determined by pH as the degree of dissociation is
governed by pH [51]. Oleic acid begins to dissociate at pH > 5.2
[48] and the percentage of different forms of oleic acid are
determined by IR analysis and the data are reported [52]. As a
representative example the percentage of different forms of
oleic acid determined by IR analysis at pH 9 (adjusted by NaOH)
are: 13.2% oleic acid, 68.2% oleate and 18.2% sodium oleate
[52]. The IR spectra of oleic acid with changing pH indicated that
at 1300 – 1800 cm‐1, there are bands characteristic of the groups
CO2H, CO2‐ and CO2‐ contained with Na [52]. These data agree
with those reported [49] that the C = O stretching band of oleic
acid at 1705 cm‐1 is shifted on ionization to bands in the range of
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Table 4. Floatability of 2×10‐4 mol L‐1 of Hg2+, Mn2+ and Cd2+ ions at different temperatures using 4×10‐4 mol L‐1 of each thiosemicarbazide derivative and 1×10‐3
mol L‐1 HOL at pH ~5.
Temperature, ˚ C
Hg2+ Floatability, (%)
Mn2+ Floatability, (%)
Cd2+, Floatability, (%)
H2PPS
H2PBO
H2APO
H2PPY
H2PPS
H2APO
H2APO
5
99.0
99.0
99.1
80.0
99.0
99.1
99.1
10
99.2
99.6
99.2
83.7
99.2
99.2
99.2
25
100.0
100.0
100.0
100.0
100.0
100.0
100.0
35
100.0
100.0
99.3
100.00
100.0
99.3
99.3
45
99.9
99.9
99.9
99.9
99.9
99.9
99.9
55
99.8
99.7
99.8
99.6
99.8
99.8
99.8
65
99.9
99.8
99.5
97.9
99.9
99.5
99.5
75
99.7
99.7
99.7
53.9
99.7
99.7
99.7
85
99.9
99.5
99.5
80.3
99.9
99.5
99.5
Table 5. Floatability of 2×10‐4 mol L‐1 of Hg2+, Mn2+ and Cd2+ ions in the presence of some selected foreign ions using 4×10‐4 mol L‐1 of each thiosemicarbazide
derivative and 1×10‐3 mol L‐1 HOL at pH ~5.
[Foreign ion] mg L1;
[Foreign ion] mg L1;
[Foreign ion] mg L1; Hg2+ Floatability, (%)
Foreign
Mn2+ Floatability, (%)
Cd2+ Floatability, (%)
a
ion
H2PPS
H2PBO
H2APO
H2PPY
H2PPS
H2APO
H2APO
Na+
[20]; 100
[5 ]; 99.9
[5]; 99.5
[70]; 100.0
[5]; 99.0
[5]; 99.1
[5]; 99.1
K+
[50]; 99.9
[15]; 99.9
[5]; 99.3
[50]; 99.9
[5]; 99.2
[5]; 99.2
[5]; 99.2
Mg2+
[50]; 99.9
[20]; 100.0
[5]; 99.1
[5]; 98.9
[5]; 100.0
[5]; 100.0
[5]; 100.0
Ca2+
[20]; 99.8
[15]; 100.0
[10]; 98.7
[20]; 99.0
[10]; 100.0
[5]; 99.3
[20]; 99.3
Cl‐
[15]; 99.7
[8]; 98.8
[8]; 98.8
[108]; 100.0
[16]; 99.9
[8]; 99.9
[8]; 99.9
SO42‐
[10]; 99.5
[10]; 99.0
[5]; 98.9
[50]; 100.0
[10]; 99.8
[5]; 99.8
[5]; 99.8
HCO3‐
[30]; 99.5
[20]; 99.5
[20]; 99.2
[10]; 98.6
[20]; 99.9
[10]; 99.5
[20]; 99.5
CH3COO‐
[50]; 99.7
[30]; 99.9
[5]; 98.5
[5]; 98.0
[50]; 99.7
[10]; 99.7
[20]; 99.7
a The cations are added in the form of their chloride while the anions are added as their sodium salts.
Table 6. Floatability of Hg2+, Mn2+ and Cd2+ ions added to some selected water samples using 4×10‐4 mol L‐1 of each thiosemicarbazide derivative and 1×10‐3 mol
L‐1 HOL at pH ~5.
Hg2+ Floatability, (%)
Mn2+ Floatability, (%) Cd2+, Floatability, (%)
[M2+],
Water sample, (Location)
(mg L1)
H2PPS
H2PBO
H2APO
H2PPY
H2PPS
H2APO
H2APO
Distilled water
5
100.0
98.5
98.6
97.3
99.0
99.1
99.1
10
100.0
99.3
99.2
99.0
99.7
99.9
100.0
Drinking water (Mansoura City)
5
97.5
96.0
94.5
94.5
99.2
99.2
99.2
10
99.0
98.8
97.0
98.0
99.8
99.8
99.7
Nile water (Mansoura City)
5
97.5
97.0
94.5
100.0
100.0
100.0
100.0
10
99.3
99.0
97.1
100.0
100.0
99.9
100.0
Sea water (Gamasa)
5
93.8
92.5
91.5
85.8
100.0
99.3
99.3
10
95.0
95.0
95.3
89.1
100.0
99.8
99.9
Sea water (Ras El‐Barr)
5
87.5
98.5
81.5
93.0
99.9
99.9
99.9
10
89.0
99.5
84.3
94.9
100.0
100.0
100.0
Lake water (Manzalah)
5
77.5
78.5
87.3
100.0
99.8
99.8
99.8
10
88.9
83.7
89.9
100.0
100.0
100.0
99.9
Underground water (Cinbellaween City)
5
91.3
92.8
85.7
84.3
99.9
99.5
99.5
10
93.0
94.8
88.0
87.0
100.0
99.8
99.9

1520‐1540 cm‐1 for sodium oleate. Therefore, oleic acid can
interact with other systems, through hydrogen bonding, either
in its un‐dissociated (R‐COOH) or dissociated (R‐COO‐) forms
depending on the pH of the medium and according to the
following:
R‐COOH + MHL+ = R‐COOH…. LHM+
R‐COO‐ + MHL+ = R‐COO‐…. LHM+
R‐COOH + (HL)2M = R‐COOH…. (HL)2M
R‐COO‐ + (HL)2M = R‐COO‐…. (HL)2M

(5)
(6)
(7)
(8)

This view was checked by carrying out infrared analyses.
The infrared spectra of the isolated complexes from the float
layers (after good washing) have no absorption bands
corresponding to oleic acid. This means that oleic acid may
combine with metal‐thiosemicarbazide chelates through weak
bonds (hydrogen bonds) depending on the solution pH [53].
The combination of oleic acid surfactant with the metal
thiosemcarbazides gives hydrophobic aggregates that float with
the aid of air bubbles (created inside the flotation cell by slight
shaking) to the surface of the solution [53].
5. Conclusions
This investigation presents thiosemcarbazide derivatives as
organic chelates (which are not pollutant for water media and
may have biological importance) for the separation of about
100% of Hg2+, Mn2+ and Cd2+ ions. This is accomplished by using
the simple, rapid and inexpensive flotation technique. This

technique is expected to be soon incorporated as a clean
technology to treat water and wastewater The procedure is free
from interferences, is not affected by raising the temperature up
to 65˚C (which enables its application to hot wastewater
treatment without the need for cooling) making the process
economical. It is also successfully applied to the recovery of
Hg2+, Mn2+ and Cd2+ ions spiked into different environmental
water samples. The flotation mechanism is based on the
formation of hydrogen bonding between oleic acid surfactant
and mercury‐thiosemcarbazide complexes.
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