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Abstract: By continuously stirring Co(II) aqueous system, hexamethyleneammonium hexamethylene-
dithiocarbamate, HMA-HMDTC, is added. During the formation and growing of product particles,
Co(II) oxidizes to Co(Ill), so that the green insoluble chelate forming is cobalt(JII) hexamethylene-
dithiocarbamate, Co(HMDTC),. Simultaneously by the formation of this complex, traces of Cu(Il) ions,
present in the solution, are incorporated in its structure. So Co(HMDTC) plays a roll of Cu copreci-
pitant. After the addition of tenside, the precipitate is separated from water by air bubbles, dissolved by
acid and the solution then tested for Cu(II) by atomic absorption spectrometry (AAS). To ascertain
optimal mass of Co(Il) and HMDTC", as well as pH and ionic strength, preliminary tests were

performzd. The applicability of the new proposed method for determination of Cu in traces was verified
by ETAAS analysis of natural water samples.
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1. Introduction

Preconcentration methods. including solvent extraction, ion-exchange, evaporation and

coprecipitation, were developed to extend the range of conventional AAS analysis of trace
heavy metals in an uncontaminated source, well, lake, river and potable waters [1]. One very
frequently cited coprecipitation method for these purposes is Krishnamurty and Reddy’s work

dealing with a use of Co(Ill) tetramethylenedithiocarbamate as a matrix for preconcentration
of metals in traces prior to their determination by flame AAS [2]. Because the first step of
precipitate flotation methods is a procedure of coprecipitation [1, 3—8], the aim of the study
presented here is to apply Co(Ill) chelate of a higher homologue of tetramethylenedithio-
carbamate e.i. Co(HMDTC)3, as collector for Cu flotation prior to ETAAS.

2. Experimental

2.1. Apparatus
AAS determinations were made with
Perkin—Elmer 1100 B spectrometer and copper

Table I. Instrumental parameters for ETAAS
determination of Cu

hollow cathode lamp (Table 1). All pH Wavelength 3247'8 nm
readings were carried out with Iskra pH—Meter ipectral shit ?5 I’IIX
MA 5705 with combined glass electrode (Iskra  2"P current 100 ¢ 20
Model 0101). The flotation cell which served to P ryol . 900 on 20 z
e t d . yrolysis ;
separate the solid precipitate from water phase Atomize 2300 °C: 5 s

'by means of air bubbles was a glass cylinder (4

x 105 cm) with a sintered glass disc (porosity No. 4) at the bottom to generate gas bubbling.
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2.2. Reagents

Stock solution of Cu was prepared as 1 g/l Cu(NO;),. Cobalt stock solution was prepared
as 1 g/LL Co(NOs),. By diluting these stock solutions before each investigation series of
standards were freshly prepared. HMA-HMDTC was made as 0.1 mol/L in 96 % ethanol.
Sodium dodecylsulfate, NaDDS, was made as 0.5 % alcoholic solution. The pH was regulated
by HNO; (0.1 mol/L) and of KOH (10 %) solutions. Ionic strength (/.) was adjusted by a
saturated solution of KNO;.
2.3. Procedure

A combined glass electrode was immersed into a solution of acidified water sample (1 L).
After adding 6 mL of saturated KNOj solution, an appropriate amount of Co(II) was put into
the beaker. Monitoring the pH value on the pH—Meter display the medium pH was carefully
adjusted to 6.0 by KOH solutions. Then, 2 mL 0.01 mol/L solution of HMDTC™ was added to
the system. During the formation and growing of product particles, Co(I) oxidizes to Co(IIl)
and a green precipitate of Co(HMDTC)3 occurs. After stirring 15 min, | mL NaDDS was
added. Then, the content of the beaker was transferred quantitatively into the flotation cell
with small portions of 0.1 mol/L NH4;NO;. Air bubbles, which effluxes from the bottom of the
cell by the speed of 50 mL/min for 1 min, were passed through the solution raising the
precipitate flakes to the water surface. The glass pipette-tube was immersed into the cell
through the froth layer on the top of the liquid surface and water phase was sucked off. Solid
phase in the cell was destroyed by hot conc. HNO;. When the liquor in the cell became clear
red, the solution was drawn out by vacuum through the bottom of the cell and collected in a

volumetric flask of 25 mL. The flask was filled up to the mark with 4 mol/LL HNO; and the
sample was ready for AAS measurements.

3. Results and discussion

3.1. Effect of pH R/ %

Medium pH
influences on flotation
recovery of each analyte
and so this effect on Cu
flotability was studied
within the pH range of 3
to 10 at constant I, = 0.02
mol/L, floating series of i
solutions containing 25 gg [ : | | |
and 50 pg Cu per 1 L. The -
mass of Co was kept 25 35 4.5 5.5 6.5 7.5 8.5 9.5

constant (2 mg), as well as ) ) .
the amount of HMDTC-  Fig. 1 Cu flotation recovery dependence on pH of the medium

(3-10™ mol). The highest (— ¢ —HCuw) = L ug/ml; - U --- HCu) =2 pg/ml)

recoveries of Cu (97.5 — 100.0 %) were reached at pH’s 5.5 and 6.0 (Fig. 1). So pH 6 was
chosen for further study.

H
| i ! d
v
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3.2.Influence of Co mass

This influence was investigated by performing a series of flotations by adding of different
amounts of Co (0.5-10 mg) to the working solutions (1 L) containing 25 pg and S0 pg Cu at a
constant pH (6.0), /. (0.02 mol/L) and amount of HMDTC™ (3.0-10™* mol). The data show that
the increasing of Co mass, influences Cu flotation efficiency. Satisfactory Cu recoveries
(95.3-96.0 %) were reached by 1.5 mg Co added to 1 L of solution tested (Table 2).

3.3. Influence of HMDTC™
Four series of flotations
were performed by additions of

Table 2. Influence of Co mass on Cu flotation recoveries
(pH = 6.0, I. = 0.02 mol/L, c(HMDTC") = 3-10™* mol/L)

different amounts of HMDTC™ R/ %
(1.3107%-6.0-10 mol) to 1 L pH KCu) =1 pg/L ACu) =2 pg/L
of solutions containing 25 pug 0.5 93.2 62.5

Cu at a constant pH (6.0) and 1.0 94.9 95.2

I. (0.02 mol/L). The first series 1.5 953 96.0

of standards, which were flo- 2.0 96.6 967
ated, contained 0.5 mg, the se- 5.0 96.6 98.0
cond 1.0 mg, the third 1.5 mg 10.0 98.2 100.0

and the fourth 2.0 mg of
Co(IID). The experimental evidences (Fig. 2) show that when 1.5 or 2 mg Co together with
2.0-10™ mol HMDTC" per | L were used, flotation efficiency was quantitative (95.2-96.0 %).

R/ %
100 +
95 -+
90 +
85 +
80 ‘ t : f ‘ + . t : t
0.0001 0.0002 0.0003 0.0004 0.0005 0.0006
n(HMDTC")
Fig. 2. Co flotation dependence on n(HMDTC") at constant pH = 6.0, I. = 0.02 mol/L and
Comass: 0.5 mg Co(—¢—),1.0mgCo(-— -—),1.5mgCo(--4--),2mgCo (--—0—-)

3.4. Applicability of the recommended method

To verify the method, tap and well waters from the cities of Skopje, Demir Kapija and
Veles were analyzed. To prevent the possible hydrolytic precipitation of some mineral salts,
immediately after sampling, waters were acidified with a few milliliters conc. HNOj to 1 L
water. The pH had to be ca. 3. After flotation samples were 40-fold concentrated and then Cu
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was determinated by ETAAS. The recoveries of 96.7-103.7 % show that the separation of Cu
using the proposed method is satisfactory. Standard deviation of this method is 0.011 pg/L,
detection limit is 0.033 pg/L, while relative standard deviation is 4.14 %.

Table 3. Results of ETAAS of Cu in fresh waters (given in pg/L)

Sample of ETAAS
water - Added Estimated Found R (%)
Pantelejmon - - 0.54 -
15.17 DH® 2.50 3.04 2.94 96.7
pH =7.45 6.25 6.79 6.91 101.7
Ra{ce - - 2.09
12.25 DH® 2.50 4.59 4.54 98.9
pH=7.17 6.25 8.34 8.27 99:2
Demir Kapija - - 242
8.79 DH® 2.50 4.92 4.90 99.6
pH =747 6.25 8.67 8.78 101.3
Veles - - 1.65 -
1.86 DH® 2.50 4.15 4.11 99.0
pH = 6.56 6.25 7.90 7.68 97.2

4. Conclusion '

The investigations show that Co(HMDTC); is an effective precipitate collector for tlota-
tion preconcentration and separation of Cu from waters. The conditions of a new analytical
method for determination of Cu were established (1.5 mg Co, 2.0-10™ mol of HMDTC™ per |
L of water at pH = 6.0 and /. = 0.02 mol/L). This method can be applied for analysis of traces
of Cu in large volumes of diluted aqueous solutions with ETAAS.
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AncrpakT. IlpM KOHTHHYHPaHO Mewame Ha BojeH pacTBop of Co(ll) ce momaBa XEKCaMETHICH-
aMoHHyM xekcamernienguTHokapbamaT (HMA-HMDTC). Tlpu pacremeTo Ha UECTHUKHTE Ha I11pO-
nykroT, Co(Il) oxcunupa Bo Co(lll) Taka wmTo OpMHPAaHHOT HEPACTBOPJAHBUOT XeNaT [IPCTCTaByBa
Co(HMDTC)s. Ilpn dopmupaero Ha 0BOj KoMmmiekc, Tpard of Cu(ll) npucyTHM BO cHCTEMOT ce
BrpaayBaaT BO HerosaTa CTpyKTypa. Taka Co(HMDTC); urpa.ynora Ha xonpeuunuradT Ha Cu(ll). I'lo
HonaBalkETO Ha TEH3NN, UBPCTaTa ce ONBOjyBa Ofl TeuaTa (hasa Ha CHCTEMOT CO NOMOUI FaCHE MEYPIHbi.
Tlo pacTBOpameTO CO MOMOII HA jaKa KHCE/IMHA, pacTBOPOT, ce ucnuTyBa co AAC. ONTUMaHHTE KOMH-
vyectBa Ha Co(Il) u HMDTC", pH u /. Ha CHCTEMOT OnpefesieHd c& CO NPEeTXONHU HCIUTYyBamwa. HosaTa

MeTO[a 3a OllpenenyBake Ha Cu BO Tparyd o[ NIpHMEHETa € 3a aHamua Ha o6pacuu IIpHpPOAHH BOOH CO
ETAAC.
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