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ABSTRACT

This work aims to present simple, rapid and accurate procedures to

recover the pollutant species of chromium, cadmium and lead from

different types of water using the flotation technique. To achieve this goal,

precipitate flotation was the method of choice for this investigation using

oleic acid (HOL) as a surfactant. Cr(III) as its hydroxide and Cr(VI) as

Ag2CrC>4 or Ag2G"2C>7 are removed in 6.5±0.2 and 6-7.5 pH range;

respectively. 2,4,6-Tri(2-pyridyl)-l,3,5-triazine (TPTA), in the presence of

KI, is a good collector for quantitative separation of trace amounts of

Cd(II) in the pH range 6-7.5. Chloranilic acid (CAA) is found to be the

most effective complexing agent for the flotation of trace amounts of

Pb(II) over the pH range 4-7. The effects of surfactant and analyte

concentrations, foreign ions and temperature have been examined. The

application of this procedure to recover these analytes added to natural

samples has been investigated. Also, a procedure for sective separation of

Cr(III) from Cr(VI) either in aqueous solutions or in saline water is

proposed. Moreover, a mechanism of flotation is suggested.
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INTRODUCTION

Nowadays the subjects of environmental pollution occupy the

thought of regulatory personnel, enforcement personnel, graduate students

and experienced scientists. Loading of aquatic habitats with

nondegradable, nonnutritive, cumulative pollutants such as As, Pb, Cd,

Hg, Se and Cr can result in undeniably complex alterations of numerous

teleost trophic levels. These effects can last for centuries and studies

spanning the globe document the ubiquity of such contamination (1).

Industrial and agricultural discharges, sewage effluents and highway or

motorboat traffic are main sources of metal poisoning of aquatic organisms

in many countries (1,2).

Chromium is present in natural waters in two different oxidation

states Cr(IIl) and Cr(VI). Trivalent chromium is not as toxic as hexavalent

chromium and is also considered essential for maintenance of glucose

toulerance factor of the body, whereas hexavalent cliromium is a serious

health hazard (3,4). Cr(VI) causes skin irritation resulting in the

dermatities and ulcer formation, adverse effects in the lungs and

interferences in the sulfur uptake of the cells (5). From published data it

was concluded that sea water contains about 0.5 u.g/L dissolved chroi?•'• -i

(6). The daily intake of chromium by human is estimated to be 0.03-0.14

mg (6). Cadmium and lead are major hazards to health. They are

cumulative poisons. WHO (World Health Organization) standards (7)

require low concentrations of these elements in drinking water, below 50

ug/L (7). Moreover, uncontaminated natural waters contain between 0.01-

1.0 jig/L of Cd and 0.1-2.5 p.g/L of Pb. Therefore, the separations of these

elements from drinking and natural water samples are vital processes.
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General methods for separating and/or preconcentrating elements

have been outlined in several publications (8,9). These methods include

coprecipitation, liquid-liquid extraction, electroosmosis, electrophoresis,

activated carbon impregnated ligands, silicate immobilized ligands,

chelating resins, ion-exchange resins, chromatography, volatility and

flotation. Of these techniques flotation (used in this work) is the most

interesting one owing to its simplicity, time saving, inexpensive tools and

chemicals. Discussioiis of flotation techniques as methods of separation

and/or preconcentration are not yet available in textbooks of analytical

chemistry and they are scarcely found even as monographs and reviews

(10,11).

Although many publications are concerned with the flotation

separation of chromium (12,13), cadmium (14,15) and lead (16-18), the

present investigation aims to present simple, rapid and quantitative

procedures for the separation of these elements from aqueous solutions

and saline waters with special focusing on the selective separation of

Cr(III) from Cr(VI) in their mixtures.

EXPERIMENTAL

Reagents and Solutions

The surfactant used in this study, oleic acid (HOL), was used

directly as received. A stock solution, 6.36x10"2 mol.L"!, was prepared

from the food grade with sp. gr. 0.895 (provided from J.T. Baker Chemical

Co.), by dispersing 20 mL HOL in 1L kerosene. Analytical reagent-grade

chromium (III) nitrate- (Cr(NO3)3), chromium (VI) chromate (K2CrO4)

and dichromate (K2Cr2O7), cadmium (II) chloride monohydrate

(CdCb.H2O) and lead (II) nitrate (Pb(NO3)2) were obtained from Aldrich

Chemical Company.Stock solutions of the above analytes,lxlO-2 mol L-l,
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were prepared by dissolving the equivalent amount of each salt in 1L of

double-distilled water. 2,4,6-Tri(2-pyridyl)-l,3,5-(triazine) (TPTA) stock

solution, 1x10-2 m o i L - 1 , was prepared by dissolving the requisite amount

of TPTA in ethanol.Chloranilic acid (CAA) stock solution, Ixl0"2mol

L~l, was prepared in double-distilled water. The nitrate solutions of Mn,

Hg, Zn, K, Na, Ba, Ca, Mg, Rh, Ru, Zr and Bi were also prepared. The

natural water samples were obtained from Midetrranean Sea at Gamasah

and Ras El-Bar beaches; other samples were also obtained from Red Sea

at Fayed beach.

Apparatus

The flotation cell used (which is a cylindrically tube of 29 cm length

and 1.5 inner diameter with a stop cock at the bottom) was previously

described (18). The concentrations of the analytes were determined using

Perkin-Elmer 2380 Atomic Absorption Spectrophotometer with air-

acetylene flame. The pH measurements of all the prepared solutions were

earned out using Hanna Instruments 8519 digital pH meter.

Procedure

Suitable concentrations (specified for each investigation) of both

the analyte and the reagent [NH4OH for Cr(III); AgNC>3 for Cr(VI);

TPTA (in the presence of KI) for Cd(II) and CAA for Pb(II)] were mixed

followed by 3 mL double-distilled water. The pH was adjusted to the

optimum value for each analyte. The solution was then transferred

quantitatively to the flotation cell and completed to 10 mL with double-

distilled water. The cell was shaken well for few seconds. To this 3 mL of

HOL (with definite concentration) was added. The flotation cell was then

inverted upside down twenty times by hand. After 10 min, for complete

flotation, the concentration of Cr, Cd or Pb either in the mother liquor or in
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the scum (after elution) was determined by atomic absorption spectromevry

(AAS) at 357.9, 228.8 and 217 nin, respectively.

The floaiubility (F%) of the analyte was calculated (18) from its

residual concentration in the mother liquor or from the scum (after

dissolving its precipitate in 2 mL of 1.0 mol L"1 HNO3 and diluting to 5

mL with the solution of the chemical modifiers used for AAS (19,20).

RESULTS AND DISCUSSION

An initial series of experiments was conducted in an effort to

establish the optimum parameters for quantitative flotation of the analytes

(chromium, cadmium and lead). These parameters included: the effect of

hydrogen ion concentration, the use of variable concentrations of diverse

surfactants, the role of ionic strength and other foreign ions, the

concentrations of the analytes and the collectors, the influence of

temperature and the time required for the separation. The above factors are

studied in detail for the elements in concern.

Effect of pH

A part of this study involves the separation of chromium (III) as its

hydrated chromium (III) oxide from aqueous solutions. This is successfully

achieved via the precipitate flotation leclinique. In such technique, the

initial charge of the precipitate plays an important role in the adsorption of

the surfactant on the particles. The precipitate acquires the charge either

by desorption of one of the ionic species of the solid or by adsorption of

ions from solution onto the surface of the crystal. The constituent ions of

the precipitate present in solution are preferentially adsorbed over other

ions; because OH" is a constituent ion, pH has a most pronounced effect

on the charge of hydroxide precipitates.
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The data in Fig. 1 (Curve a) monitor the changes in the flotation

efficiency of chromium (III) as a result of hydrogen ion variation. As can

be seen, the flotation efficiency is zero up to pH 5 after which the

floatability increases abruptly reaches its maximium value (-100%) in the

pH range 6.2 - 6.8. Above pH 6.8, the separation percentage decreases. In

an attempt to understand the behaviour of the chromium (III) flotation at

different pH values, one must take into consideration that HOL begins to

dissociate at pH 5.2 (±1). Although the presence of chromium (III) as

soluble Cr3 + and Cr(OH)2+ (22) at pH < 5, the flotation is zero owing to

the absence of oleate ions (produced from the dissociation of HOL) (2-1).

In the pH range 6-7, chromium (III) is present as soluble Cr(OH)2+and

predominent insoluble Cr(OH)3 species (22,23). According to potential

measurements (22), the surface of Cr(OH)3 precipitate is positively

charged. Consequently, the flotation mechanism can be explained from

electrostatic attraction view point, between negative oleate ions and

positive Cr(OH)2+ and Cr(OH)3. Above pH 7, the soluble species

Cr(OH)4" (22) starts to appear, with the same charge as the surfactant

(oleate ions) indicating inefficient or no flotation of the precipitate. Also,

the fomiation of excessive foams hinders the flotation process. For assured

functioning, all subsequent measurements were carried out at the optimum

flotation pH 6.5±0.2. To facilitate the manipulation and saving the time of

measurements, the control of pH using the addition of a definite volume of

NH4OH to the solution in concern, (instead of instrumental measuring of

pH) was followed. The flotation of 1.9xlO"4 mol L"1 Cr(III) using lxl 0"3

mol L"l HOL in the presence of different volumes of ammonium

hydroxide (0.1 mol L"^) was carried out. It was found that 0.1 - 0.3 m l of

0.1 mol L"1 NH4OH is sufficient for complete flotation of the analyte
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concentration under investigation. Accordingly, 0.3 1T1LNH4OH (0.1 mol

L"l) was considered for further flotation experiments of Cr(III).

Chromium (VI) is present in natural water as C1O42- or CxjO"]2".

These species could be precipitated using silver ion. The formation of such

precipitates depends mainly on the hydrogen ion concentration of the

solution (24), which can be represented as:

2Ag+ + CrO42" -» Ag2CrO4 I (1)

2Ag2 C1O4 + 2H+ -> 4Ag+ + ^Of2' + H2O (2)

Ag2Cr04 + 4NH3 -> 2[Ag(NH3)2]+ + CrO42- (3)

Accordingly, precipitate flotation technique is a suitable one for the

separation of Cr(VI) and the separation efficiency depends mainly on the

variation in the pH of the solution. The role of hydrogen ion concentration

on the floatability of 1.9x10-4 mo\ L-1 Cr(VI) using 3x10-2 m o l L"l

AgNO3 and lxl 0"3 mol L~* HOL is shown in Fig. 1. Curve c in Fig. 1

represents the floatability of CrCXj^- whereas that of C i ^ C ^ - is given by

Curve b. The data show that Ag2CrC>4 has no ability to be floated up to

pH 3. The flotation efficiency starts to be improved at pH 4, reaching its

maximum (-100%) at pH 6 and remains constant until pH 7.5 above which

it decreases. Also, it can be seen that the floatability of Cv2Oj2~ has the

same trend as C rC^- except that an improvement is noticed for the

former in acidic medium. In alkaline solution above pH 7.5, the floatability

gradually decreases. This may be due to the insufficient amount of Ag+

(precipitant) owing to the formation of silver species free from the analyte

(equation 3). Below pH 5, the inefficient separation of Cr(VI)may be

attributed to the partial solubility of the precipitate, floated form, (equation

2). For further experiments, pH 7 was selected as the optimum value for

Cr(Vl) flotation.
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It is well known that Cd(II) reacts with nitrogen-containing

compounds in the presence of iodide ions forming stable precipitates

which can be separated quantitatively (25). In this concern, many trials

were made to float Cd(II) using hydrazine hydrate or 2,4,6-tri(2-pyridyl)-

1,2,3-triazine (TPTA) in the presence of potassium iodide and pyridine in

the presence of ammonium chloride, etc. Of these, TPTA (in the presence

of KI) was found to be the suitable collector for the quantitative separation

and determination of Cd(II). ixlO"5 mol L"l Cd(II) was floated using

4xlO"5 mol L"1 TPTA as a collector and lxlO"3 mol L"1 HOLasa

surfactant in the presence of different concentrations of halide ions. The

results are presented in Fig. 2. The data clearly indicate that, there is no

flotation in the presence of fluoride, chloride or bromide. However, in the

presence of iodide the flotation increases gradually with concentration of

iodide reaching its maximum (97-100%) in the range (4-7)xlO~3 mol L'l .

These diverse behaviours of the halides may be due to: 1) the possibility of

the formation of soluble Cd-TPTA-X (where X = F", Cl" or Br) system

uncapable of flotation; 2) the formation of insoluble species of the above

systems is not observed experimentally, even at high concentrations of

their constituents; 3) the formation of a colloidal white precipitate (Cd-

TPTA-I system). Such precipitate is visually noticed at a relatively lower

concentration of the analyte, lxl 0~5 mol L"*, which permits the separation

of Cd(II) at trace levels. The third proposal is more logic since it agrees

with literature (25,26). 5xlO"3 mol L"l of iodide was taken as the suitable

concentration for quantitative separation of lxl 0"5 mol L"1 Cd(II)

throughout the progress of this investigation.

The data in Fig. 3 (Curve a) indicate that the floatability of 1x10-5

mol L"l Cd(II) gradually increases as tliepH of the solution, containing
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3xlO-5 mol L"1 TPTA, 5x10-3 m o ] i~\ KI and 1X1 0"3 mol L"1 HOL,

increases reaching its maximum in the pH range 6-7.5; above which it

again decreases. The maximum separation obtained in the pH range 6-7.5

may be ascribed to the formation of a colloidal white precipitate (visually

observed) easily floated by HOL surfactant. Below pH 6 the incomplete

flotation may be due to the partial solubility of that precipitate, whereas

the decrease in the floatability above pH 7.5 may be attributed to the

formation of excessive foams which hinders the process. Fortunately, the

direct addition of the reagents to the analyte at the investigated

concentrations accepts the mixture pH ~7. Consequently, there is no need

for controlling the pH throughout the progress of Cd(II) flotation

experiments.

The data in Fig. 3 (Curve b) show that the quantitative separation

(-100%) of 1x10-5 m o i L-1 Pb(II) in the presence of 3x10-5 mol L~l

CAA is achieved in the pH range 4-7 and decreases on both sides of such

range. Below pH 4 the depress in the floatability is due to the partial

dissolution of the Pb-CAA complex.

Effect of Surfactant Concentration

The results in Fig. 4 (Curve a) show that in the (5-15)xlO"4 mol L~l

concentration range of HOL complete flotation of Cr(III) is achieved.

Below and above such range of the surfactant, the floatability decreases.

On the other hand, it is observed that Cr(VI) floats completely (-100%) as

Ag2CrO4 or Ag2&207 in a wide range of HOL concentration up to

8x10"3 mol L~* (Fig. 4, Curve b). At higher concentration of surfactant the

incomplete separation of Cr(III) or Cr(VI) may be attributed to the fact

that the surfactant changes the state of suspension of the particles

(Cr(OH)3, Ag2CrO4 or Ag2Cr2O7) from coagulation precipitation
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through coagulation flotation to redispersion with an increase in the

amount of HOL added.

Figure 5 shows the role of the change of surfactant concentration on

the flotation of Cd(II) + Kl + TPTA (Curve a), Cd(ll) + TPTA (Curve b),

Cd(II) (Curve c), Cd(II) + Kl (Curve d), P(TI) + CAA (Curve e) and Pb(II)

(Curve f). The parameters of flotation are listed in the figure legend. The

flotation efficiency of cadmium is still zero (Fig. 5, Curve d) even at higher

concentration of HOL. The maximum flotation efficiency is obtianed in the

(1-20) xlO-4 mol L-l HOL range for the system Cd(II) + Kl + TPTA.

Also, the range (l-14)xlO~4 mol L'l HOL is suitable for complete

separation of Pb(II) in the system Pb(ll) + CAA (Fig. 5, Curve e). lxlO"3

mol L-l is chosen throughout Cr(lII), Cr(VI), Cd(II) and Pb(TI)

investigations.

Effect of Collector Concentration

Definite concentrations of the analytes Cr(VI), Cd(II) and Pb(II) are

floated in the presenc eof different concentrations of AgNO3, TPTA + Kl

and CAA as collectors, respectively using lxl 0-3 mol L~l of HOL at the

optimum pH. The data are graphically presented in Fig. 6. As can be seen

from Fig. 6 Curve a, a relatively high concentraiton of AgNO3 is required

for quantitative separation of Cr(VI). Comparing Curve c (absence of Kl)

with Curve b (presence of Kl) it is noted that, the presence of Kl together

with TPTA is substantial for complete flotation of Cd(II). This means that

Kl and TPTA are essential constituents of the sublate being floated. Also

from Curve b, the maximum flotation efficiency (-100) is obtained at a

molar ratio of 1:2 for Cd: TPTA. Experimentally the maximum floatability

of Cd(ll) is obtained in (2-4)xlO"5 mol L"1 TPTA concentration range.
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Accordingly, 3xlO"5 mol L"1 TPTA was selected for further Cri(II)

experiments.

Although lead forms (1:T) complex with CAA (27), twofold

concentrations of CAA are required experimentally for the quantitative

separation of the analyte (Fig. 6, Curve d). This may be due to flotation of

a part of free CAA with HOL surfactant. The most interesting feature of

using CAA as a collector is that the excess amount of it has no adverse

effect on the flotation process which facilitates the separation of
>

microamounts of Pb(II) from unknown matrices. Unless otherwise

specified, 3xlO~5 mol L~l CAA was used for the complement of Pb(II)

separation.

Effect of Analyte Concentration

Under the optimum conditions listed in the experimental section,

different concentrations of the analytes are floated. The data are shown in

Figs. 7 and 8. As can be seen, a large concentration range up to 28xlO"5

mol L"l Cr(III) could be separated (Fig. 7, Curve a). Also, concentrations

up to 1.8x10-3 mol L~l Cr(VI) could be completely separated (Fig. 7,

Curve b). It is worth noting that such separated quantity of Cr(VI) needs

relatively high concentration of the precipitant (AgNO3) which may be

attributed to co-precipitation of Ag2CrC>4 or Ag2Cr2(>7 with Ag+- These

data agree with that obtained in Fig. 6, Curve a. The data in Fig. 8, Curve

a show that the maximum flotation efficiency of Cd(II) is obtained up to

2xlO-5 mol L-l Cd(II) using a combination of TPTA with KI in the

presence of HOL surfactant. As can be seen, the flotation efficiency

decreases after attaining a stoichiometric ratio of 1:2 (Cd(IT): TPTA).

Since the coordination number four is the predominant for Cd(II), the

expected floated precipitate species may be [Cd(TPTA)2l2l- The data in
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Fig. 8, Curve e indicate that the separation of Pb(II) is quantitative up to

1.5xlO"5 mol L~l, confirming the data obtained in Fig. 6, Curve d.

Effect of Temperature

The effect of temperature varies according to the particualr system.

Thus in some cases an increase of temperature has no effect on ion

flotation, whereas in others it may have positive or negative effects. In

precipitate flotation a temperature increase has a positive effect due to its

influence on the size of the particles formed. On the other hand, it will also

increase 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. Under the recommended conditions

set out for each analyte, conductive series of experiments were carried out

under a wide range of temperature (5-85°C). It is observed that the process

of separation was not affected up to 80°C for Cr(lli), Cd(Il) and Pb(Il); 60

°C for Cr(IV). Accordingly, all the experiments were carried out at ~25°C.

Effect of Foreign Ions

The data in Table 1 show that most of the investigated foreign ions

do not interfere in the recover}' of Cr(III) from aqueous solutions. Al(lII),

Bi(III), Fe(III), Cu(II) and Tl(III) are the only ions that interfere seriously.

These ions may form hydroxide consuming the precipitant on the expense

of the analyte. This was confirmed by controlling their effects via adding

slightly excess of NH4OH. To avoid the interferences encountered from

high concentrations of some selected ions (viz., Zn, Mn, Co, Ni, Ca, Sr,

Ba and Mg) ammonium chloride (lxlO~3 mol L~l) could be added. Also,

' the addition of such concentration of NH4CI to the flotation pulp

containing one or more of these interferents makes the process selective

for Cr(III). Figure 9 shows the effect of adding different concentrations of
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TABLE 1

Effect of some foreign ions on the floatability of 1.9xlO"4 mol L"1 (10 ppm)Cr(III)

using 1x10"3 mol L ' 1 HOL at pH 6.5.

Foreign ion*

K(I)

Sr(II), Co(II)

Na(I), Mg(II), Ba(II), Cd(II), NO3-

Li(I), Ca(II), Ni(II)

BO33-, B4O72-

Cs(I), Pd(II), MOO42-

Al(III), Bi(III), Fe(III), Cu(II), Tl(III)

Concentration

(ppm)

1000

800

400

200

100

50

50

Flotation

efficiency of

Cr(III), %

100

99.90

99.98

100

100

99.93

0

Each foreign ion is used alone.
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NH4CI on the flotation of 1.9x10-4 mol L"1 Cr(III) using lxlO"3 mol L"1

HOL at pH 6.5. The results reveal that the maximum flotation efficiency

(-100%) of Cr(III) is obtained over a wide concentration range of NH4CI

up to 0.1 mol L"l.

The influence of some selected foreign ions (cations, taken as

nitrates) on the flotation efficiency of 10 ppm Cr(VI) is shown in Table 2.

High concentrations of most ions have no effect on the separation process.

Only Al(III), Fe(III), Bi(III) and Cu(II), 50 ppm each, decrease the

flotation efficiency to 20%. This may be due to the flotation of the

hydroxides of such interferents on the expense of the analyte at pH 7.

Trials were carried out for the speciation of Cr(III) and Cr(VI)

added to natural water (seawater) samples. This aims to test the feasibility

and amenability of the proposed separation procedure for high saline

solutions. The following mixtures were added to 20 mL filtered seawater:

1) 5 ppm Cr(III) + 5 ppm Cr(VI), 2) 5 ppm Cr(III) + 10 ppm Cr(VI) and

3) 10 ppm Cr(lll) + 5 ppm Cr(VI). Chromium (III) was completely

separated from these three mixtures by precipitate flotation teclmique

(using NH4OH as a precipitant and HOL surfactant). The precipitate in the

scum was eluted with hydrochloric acid (2 mol L~l) and aspirated directly

(after adding the recommended chemical modifier) for Cr(III) AAS

determination. Also in the same mixtures, attempts were made to separate

chromium (VI) using AgNO3 as a precipitant and HOL surfactant. The

results obtianed were not satisfactory at all. On the other hand,

separation of Cr(III) as its hydroxide followed by reduction of Cr(VI) in

the mother liquor, subsequent precipitation of its reduced form, Cr(IlI),

and its flotation gave encouraging results. The third trial was earned out

by the reduction of Cr(VI) firstly in the mixture, precipitation of total



TABLE 2

Effect of some foreign ions on the floatability of 10 ppm Cr(VI) in the presence of

3xl0-2 mol L"1 AgNC>3 u s i n 8 lxlO"3 mol L ' 1 HOL at pH 7.

Foreign ion

Sr(Il)

K(I),Ba(II),Cd(II)

La(III), Y(III)

Na(I), Mg(II), Co(II)

Ca(II), Ni(II), HCO3-

Li(I), Cs(I), NH4+ B4O72-

AI(III), Cu(II), Fe(III), Bi(III)

Concentration

(ppm)

1000

800

500

400

200

100

50

Flotation

efficiency of

Cr(VI), %

99.80

100.00

99.90

99.85

100

100

20
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chromium (III) and flotation. Optimestic results were obtained in such

case. Accordingly, the salinity of seawater has no effect on the separation

efficiency of Cr(IH) by flotation of its hydroxide whereas it hinders the

separation of Cr(VI) completely by flotation of its silver chromate.

Therefore, this study recommends the separation of Cr(III) and Cr(VI) in

seawater by reduction of Cr(VI) with sodium sulfite in slightly acidic

medium, precipitation of total chromium as its chromium (III) hydroxide

and flotation with oleic acid surfactant.

To investigate the degree of success of the flotation procedure, the

separation of Cd(II) in the presence of different ions usually associated

with it in natural materials and waters was tried. The data in Table 3

indicate that most of alkali and alkaline earth metals have no effect on the

separation of Cd(II) up to 400 ppm of each. Also, some of transition

elements (viz., Y, La and Ir) and most of the investigated anions (viz.,

B4O72-, IO3-, SO42-, C1-, CT2OJ2' and SO32-) do not interfere in the

flotation procedure. The remainder of the investigated ions interfere to

some extent. The interference may be due to partial consumption of the

reagents (TPTA or KT) by the interferent. Such explanation is proposed

because most of these effects are normalized by adding a slight excess of

TPTA and KI. Moreover, under the optimum conditions of flotation the

tolerance limits are indicated. It is worthy noting that, the separation

efficiency does not exceed zero in the presence of copper. Accordingly in

samples containing copper it should be separated firstly by flotation as its

acetate as previously mentioned in literature (28).

The limits of concentrations of different foreign ions added to the

solution of Pb(II) being floated, under the optimum conditions, are

tolerated and listed in Table 4. An alternative series of experiments was
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TABLE 3

Effect of different concentrations of some foreign ions on the floatability (F%)

of ixlO'5 mol L"1 Cd(II) in the presence of 3x10-5 TPTA and 5xlO"3 mol L'1

KI using lxlO-3 mol L"1 HOL at pH 7.

FiireigY)

• ion

Li

Na

K

Mg

Ca

Ba

Tl

Fe

Co

Ni

Cu

Zn

Mo

ir

Cr

Foreign km. ppm*

4D0

99.8

99.7

98.8

99.8

98.7

97.8

98.8

0

0

0

0

0

85

99.6

61

100

99.8

99.8

99.8

99.8

99.9

99.8

99.9

0

0

0

0

50

85

99.8

75

50

99.9

99.9

99.9

99.8

99.9

99.9

99.9

0

9.5

0

0

89

85

99 8

90

10

99.9

99.9

99.9

99.9

99.9

99.9

99.9

50

65

10

0

99.6

90

99.9

99.8

1

99.9

99.9

99.9

99.9

99.9

99.9

99.9

99.9

99.9

58

0

99.9

99.8

99.9

99.9

I'oreiyi

ion

Y

Hg

Te

La

Pb

BaO7
2"

KV

SOa2"

cr

Cr ?0 7
2 -

so,2-

HPOa2"

HCO-f

COr*

S^O-,2"

Foreign inn, ppm*

400

99.7

0

39

99.5

0

99.6

99.7

99.8

99.5

99.6

99.8

0

0

2

50

100

99.8

40

40

99.7

60

99.7

99.7

99.8

99.5

99.6

99.8

75

76

40

85

50

99.8

62

66

99.7

85

99.7

99.8

99.9

99.6

99.7

99.9

99.6

99.5

85

99.5

10

99.9

80

80

99.8

91

99.8

99.8

99.9

99.6

99.8

99.9

99.6

99.5

90

99.6

1

99.9

99.8

100

99.8

99.9

99.8

99.9

99.9

99.8

99.8

99.9

99.7

99.6

99.7

99.8

400, 100, 50, !0, 1 are the concentrations of foreign ions in ppm used.
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conducted to float lead in the presence of the foreign ions (listed in

Table 4) at higher concentrations, 100 times over the tolerance limit.

Serious interferences were observed. These adverse effects were

completely eliminated by adding excess CAA (2xlO-2mol L"l).

Application

The applicability of the flotation procedure was investigated to

recover 5 ppm of each analyte added to different types of waters taken

from different locations. The data and separation conditions of each

analyte are given in Table 5.

Proposed Mechanism

A mechanism is proposed for the precipitate flotation of Cr(III),

Cr(VI), Cd(II) and Pb(II) on the basis of the fact that colloidal particles

have charged surfaces (18). These charged surfaces interact with the

hydrophilic part (polar carboxylic group) of the surfactant

(electrostatically) giving hydrophobic aggregates which float with the aid

of air bubbles, (created inside the flotation cell by slight shaking) to the

surface of solution inside the cell (18).
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TABLE 4

Tolerance limits of the interferents on Pb(II) flotation under the recom-

mended conditions.

Interferent

NO3-

K, Ba

Na, Mg, Ca, Sr

Cr, B4O72-

Al

Bi, La, Co

Fe

Tolerance limit (ppm)

1000

500

400

100

50

1

0.1

[Pb(II)]=lxl0"5 mol L"1; [CAA]=3xl0"5 mol L^ ; [HOL] = lxlO"-1 mol

L"l; pH = 7. Each result is the average of three determinations and the

mean recovery of Pb(II) = 99.7 ± 0.2%
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TABLE 5

Recovery of 5 ppm of Cr(III), Cr(VI), Cd(II) and Pb(II) added to water

samples using lxlO"3 mol L"l HOL surfactant.

Type of water

(Location)

•

Distilled water

Tap water (Mansoura City)

Seawater (Gamasah)

Seawater (Fayed)

Under ground water (Meat Badr

Khamese City)

Recovery (%)

Cr(III)a

pH 6.5

99.9

100

98.9

99.9

99.2

Cr(VI)b

jH6.5

99.8

100

99.0

99.2

99.3

Cd(III)c

Ph7

99.7

99.8

99.5

99.7

99.5

Pb(II)d

pH7

100

99.9

99.7

99.8

99.2

(a) in the presence of lxlO"3 mol L"1 NH4CI; (b) reduction to Cr(III) with

Na2SO3 followed by adding lxlO"3 mol L~l NH4CI; (c) in the presence

of 4.5xlO-4 mol L"1 TPTA and 2x10"2 mol L"* KI and (d) in the presence

of8xlO-5molL-lCAA.
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Figure captions

FIG. 1 Effect of pH on the floatability of 1.9x10"4 mol L"I chromium

using lxlO"3 mol L"1 HOL:

(a) Cr(III) using HCl or NH4OH for controlling pH;

(b) Cr(VI) as Cx^O-]2-- using 3xlO"2 mol L"1 AgNO3 and

(c) Cr(VI) as CrO42" using 3x10-2 mol L"1 AgNO3.

FIG. 2 Effect of halide concentration on the floatability of 1 x 10"5 mol

L"1 Cd(II) in the presence of 4xlO"5 mol L"1 TPTA using lxlO"3

molL-1 HOL at pH 7.

FIG. 3 Effect of pH on the floatability of 1x10-5 mol L"l of Cd(II) or

Pb(II) using 1x10-3 mol L"1 HOL:

(a) Cd(II).+ 5x10-3 m o i L-1 KI + 3xl0"5 mol L"> TPTA;

(b) Pb(II) + 3x10-5 m o i L-l CAA.

FIG. 4 Floatability of 1.9xlO"4 mol L"l cliromium as a function of HOL

concentration.

a) Cr(III);

b) Cr(VI) using 3x10-2 m o i L-1 AgNO3 as a precipitant.

FIG. 5 Floatability of lxlO"5 mol L'1 of Cd(II) or Pb(II) as a function of

[HOL]. (a) Cd(II) + HOL + 5x10-3 mol L"1 KI + 3x10-5 mol L"l

TPTA; (b) Cd(II) + HOL + 3x10"5 mol L"l TPTA; (c) Cd(II) +

HOL; (d) Cd(II) + HOL + 5x10-3 mol L"l KI; (e) Pb(II) + HOL +

3x10-5 mo{ L-l CAA and (f) Pb(II) + HOL.

FIG. 6 Effect of different concentrations of the collector on the

floatability of 1.9x10-4 mol L"l Cr(VI), 1x10-5 mol L-l Cd(II)

and 1x10-5 m o i L-1 Pb(II) using lxlO"3 mol L"1 HOL at pH 7.

(a) Cr(VI) + AgNO3; (b)Cd(II) +5x10-3 mol L"* KI + TPTA;

(c) Cd(II) + TPTA and (d) Pb(ll) + CAA.
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FIG. 7 Floatability of different concentrations of chromium using 1x10-3

mol L-l HOL. (a) Cr(III) floated as Cr(OH)3 and (b) Cr(VI)

floated as Ag2Cr207 or Ag2CrC>4 using 5x10-2 mol L-l AgNC>3.

FIG. 8 Floatability of different concentrations of Cd(II) and Pb(II) using

1x10-3 mol L-l HOL at pH 7. (a) Cd(II) + 5xlO"3 mol L"l KI +

4x10-5 mol L-l TPTA; (b) Cd(H) + 4x10-5 mol L~l TPTA; (c)

Cd(II) using HOL only; (d) Cd(II) + 5x10-3 m o l L"l KI; (e)

Pb(II) + 3x10-5 mol L"l CAA and (f) Pb(II) using HOL only.

FIG 9 Effect of NH4CI concentration on the floatability of 1.9xlO"4 mol

L-l Cr(III) using lxl0"3 mol L"l HOL at pH 6.5.
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