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STUDY ON THE POSSIBILITY OF IMPROVEMENT
OF CUPRIC HYDROXIDE SEDIMENTATION
BY COLLECTION AND COPRECIPITATION

This study is concerned with the effect of pH on sedimentation kinetics of Cu(OH), in the
presence/absence of Na-oleate as a collector. Another effect considered is the coprecipitation with
Fe(OH); and its influence on kinetics and efficiency of the Cu(OH), sedimentation.

The results indicate that the maximal sedimentation rate of Cu(OH), is achieved at pH 7,
which corresponds to the least negative value of zeta potential (—15 mV). The presence of
Na-oleate at the level of 10 mg/dm? is sufficient to promote a 50% increase in the sedimentation
rate of Cu(OH),. On the other hand, this increase in the presence of Fe(OH);is in the range of
8-62%, depending on the concentration of Fe (OH);. Presence of the Fe(OH), floccules causes
a decrease in sedimentation rate of Cu(OH),, although it facilitates removal of the finer Cu(OH),
particles. The collecting and coprecipitation procedure with Na-oleate and Fe(OH), results in
a 98% efficicncy of Cu(OH), removal.

1. INTRODUCTION

In common treatment of wastewaters containing ions of heavy metals, precipita-
tion of metal hydroxides is followed by their separation, either by sedimentation or
flotation [1]-[6]. Usually, the sedimentation method is used, i.e., the hydroxide
particles are separated by the action of gravitation force. The method is efficient
.provided that the hydroxide floccules are large enough, their densities exceed that of
water, etc. [7], [8]. In order to promote particles aggregation, different polymeric
flocculants are added [5]. An increase in sedimentation rate can be also achieved via
hydrophobization of particles by some surfactants, such as sodium dodecylbenzol-
sulphonate (DBS) [9].

The objective of this work was to study sedimentation of Cu(OH), alone and in
mixtures with Fe(OH), in the presence of Na-oleate, which is easily biodegradable.
The advantage of the procedure, in which such an agent for hydrophobization and
acceleration of the sedimentation process is employed, is the protection of recipients.
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2. METHODS

Hydroxide suspensions were prepared by precipitation of metal ions from the
model solutions with the use of NaOH solutions in concentration of 5 and
1 mol/dm?3, respectively. The ratios Cu(II): Fe(IlI) in the coprecipitation experiments
were 50:6, 50:9, and 50:18. The suspensions were diluted either with distilled water,
or a dilute solution of the collector. The Cu(Il) content in final dilution was 250
mg/dm?, whereas that of Na-oleate was 10 mg/dm?.

From the moment of pH adjustment, the sedimentation of metal hydroxides was
monitored by measuring the height of the phase boundary liquid/solid in a sedi-
mentation cylinder [10], [11].

Electrophoretic mobilities of the Cu(OH), particles, remaining in the supernatant
after the sedimentation for 30 min, were measured with a ZM-77 (Zeta-meter, Inc.
New York) zeta-meter by standard method. The corresponding values of zeta
potential (ZP) were determined from the appropriate nomograms (121, [13].

Metal ion contents were determined by the AAS method with the use of a Pye
Unicam SP 191 instrument [14]. Concentrations of Na-oleate were determined by
the permanganometric method in acidic medium [15].

3. RESULTS

3.1. EFFECT OF pH ON SEDIMENTATION KINETICS OF Cu(OH),

The data on sedimentation of Cu(OH), at different pH and in the absence of
Na-oleate are presented in fig. 1. To analyse kinetics of the sedimentation process,
the following empirical equation was used:

h=ae",
where h is the height of the liquid/precipitate phase boundary (cm), ¢ denotes the
sedimentation time (min), whereas a and b are the corresponding coefficients. The
sedimentation curves presented in a semi-log diagram are linear with the slopes
corresponding to the sedimentation rates.

It is evident from fig. 1 that the sedimentation kinetics can be satisfactorily
described (a high coefficient of determination is obtained) by the above empirical
equation. In the studied pH region, the highest value for the sedimentation rate
coefficient (b) corresponds to pH 7. The coefficient shows a decrease with an increase
in pH, so that, for example, at pH 9 it is lower by 37%.

Figure 2 shows the dependence of the sedimentation rate coefficients of Cu(OH),
and the ZP values on pH.

As it can be seen in fig. 2, the Cu(OH), particles have the negative values of zeta
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Fig. 1. Effect of pH on sedimentation rate of Cu(OH),

potential in the whole region of pH; the least negative value (=15 mV) being
observed at pH 7, whereas the most negative (—30 mV) value corresponds to pH 10.
In contrast to this, the sedimentation rate coefficient shows a decrease with an
increasing pH value. Therefore, it is obvious that the repulsion forces of the charged
Cu(OH), particles have their minimum at pH 7, which facilitates the aggregation of
particles, i.e., yields a faster sedimentation.

After 30 min of sedimentation, the solution above the precipitate (supernatant)
contains a portion of the suspended Cu(OH), (10-12 mg/dm?, expressed as Cu(II)).
Thus, an overall efficiency of about 95% was achieved in Cu(OH), removal by both
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Fig. 2. Dependence of zeta potential of Cu(OH), particles and the sedimentation rate coefficient (b) on pH
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precipitation and sedimentation at pH 7. This is a rather high value if the precipitate
characteristics (charge, polydispersity, etc.) are taken into account.

32. EFFECT OF pH ON SEDIMENTATION KINETICS OF Cu(OH),
IN THE PRESENCE OF Na-OLEATE

The data for Cu(OH), precipitation in the presence of Na-oleate (10 mg/dm?) at
different pH are presented in fig. 3. A low concentration of Na-oleate was chosen
with regard to the observation that a collector monolayer is sufficient to make metal
hydroxide particles hydrophobic [16], [17]. Higher concentrations of Na-oleate may
cause a redispersion of the hydroxide precipitate, which was confirmed by some
preliminary experiments.

Therefore, for comparison sake, fig. 3 contains an illustration of sedimentation
kinetics of Cu(OH), in the absence of Na-oleate. It is evident that the highest
sedimentation rate is also obtained at pH 7. A comparison of the two sedimentation
rates shows that the presence of Na-oleate promotes acceleration of the process by
50%. Under the optimal experimental conditions, the content of Cu(OH),, cal-
culated as Cu (II), in the solution above the precipitate is about 8 mg/dm?.
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Fig. 3. Kinetics of Cu(OH), sedimentation at different pH in the presence of Na-oleate (10 mg/dm?)

33. EFFECT OF COPRECIPITATION ON SEDIMENTATION KINETICS OF Cu(OH),
IN THE PRESENCE AND ABSENCE OF Na-OLEATE

The possibility of coprecipitation of some metal ions with Fe(OH); is a
well-known phenomenon [18]. It is also known that floccules of Fe(OH), are used as
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the carrier in separation of metal ions by adsorbing colloid flotation [19], [20].

For these reasons the kinetics and efficiency of Cu(OH), sedimentation were
studied in the presence of Fe(OH);. Due to their voluminosity, Fe(OH), floccules
can incorporate smaller Cu(OH), particles, thus improving their sedimentation. The
effect was studied both in the presence and absence of Na-oleate.

In figs. 4-6 there are illustrated the results of the studies on different
Cu(OH), + Fe(OH), mixtures carried out at pH 7, and in the presence (10 mg/dm?)
and absence of Na-oleate. Table gives the metal ion contents in the supernatant
after sedimentation of the hydroxide mixtures for 30 min.
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Fig. 5. Sedimentation kinetics of Cu(OH), in the Fig. 4. Sedimentation kinetics of Cu(OH), in the
presence of Fe(OH); (60 mg/dm?®) with and presence of Fe(OH); (90 mg/dm?®) with and
without Na-oleate without Na-oleate

Table

Contents of copper, iron, and soap in the supernatant after 30 min. of
sedimentation of the hydroxides at pH 7

Fe(I1) Na-0l Cu(Ily* Fe(Ill)*  Na-0l
mg/dm? 10 mg/dm? mg/dm? mg/dm®  mg/dm?
0 without Na-0l 12.81 — -

with Na-0l 7.81 — 1.7
30.0 without Na-01 7:35 0.65 —
with Na-0l 5.81 0.45 203
45.0 without Na-0l 7.56 2.15 -
with Na-0l 6.57 1.39 2.8
90.0 without Na-0l 6.90 1.53 -
with Na-0l 5.83 1.36 53

* Total content of metal ions (dissolved + precipitated).
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Fig. 6. Sedimentation kinetics of Cu(OH), in the presence of Fe(OH), (180 mg/dm?) with and without
Na-oleate

On the basis of the results shown in figs. 3-6, it can be concluded that
sedimentation of Cu(OH), is slower in the presence of Fe(OH); (b within the range
—0.135 to 0.200) than in the absence of it (b = —0.205). At the same time, the
presence of Na-oleate accelerates sedimentation of the hydroxides mixtures by
8-62%, depending on concentration of Fe(OH);. As already mentioned, the
analogous increase in the absence of Fe(OH); was about 50%. Thus, in the presence
of voluminous Fe(OH), (180 mg/dm?) particles, the positive effect of Na-oleate on
Cu(OH), is significantly lower. As it can be seen in the table, the Na-oleate content
in the supernatant is somewhat enhanced in the presence of the Fe(OH), floccules,
which may be the reason why the corresponding sedimentation rate is lower. In the
presence of both the Fe(OH), and Na-oleate the Cu(II) concentration is about 50%
lower than in their absence. The total efficiency of Cu(OH), separation by
coprecipitation with Fe(OH); and collection with Na-oleate, under the given
experimental conditions, amounts to 98%. From a practical point of view the
effluent obtained may be subjected to either filtration or flotation in order to remove
completely the metal hydroxides. Probably, dissolved air flotation might be the most
suitable technique since the hydroxide particles are already made hydrophobic by
the action of Na-oleate [21].

4. CONCLUSIONS

In the pH range within 7-10 and in the absence of Fe(OH); and Na-oleate, the
Cu(OH), particles have a negative zeta potential. The rate of Cu(OH), sedimen-
tation is the highest at pH 7, which corresponds to the least negative zeta potential
(—15 mV). With an increase in pH, zeta potential of Cu(OH), particles becomes
more negative, which is accompanied by a lower sedimentation rate.
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As the presence of Na-oleate makes the Cu(OH), particles hydrophobic, the
corresponding sedimentation rate is about 50% higher than in the absence of
Na-oleate. However, in the case of sedimentation of the Cu(OH),+ Fe(OH),
mixtures, this enhancement varies in the range of 8-62%. The overall efficiency of
Cu(OH), separation by sedimentation, accompanied by coprecipitation with
Fe(OH), and collection with ‘Na-oleate, is about 98%.
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BADANIE MOZLIWOSCI POLEPSZENIA SEDYMENTACJI WODOROTLENKU
MIEDZIOWEGO POPRZEZ AGREGACJE I WSPOESTRACANIE

Zbadano wplyw zarowno odczynu jak i oleinianu sodu (jako czynnika agregujacego) na kinetyke
sedymentacji. Cu(OH),. Okreslono rowniez kinetyke sedymentacji Cu(OH), w procesie wspotstracania za
pomoca Fe(OH);.
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Uzyskane wyniki wskazuja, ze maksymalna szybko$¢ sedymentacji Cu(OH), jest osiagana przy pH-7,
co odpowiada najmniejszej ujemnej wartosci potencjatu zeta (—15 mV). Stwierdzono. 7¢ dodanic
oleinianu sodu o stgzeniu 10 mg/dm? jest wystarczajace, aby zwigkszy¢ szybkos¢ sedymentacji Cu(OH),
0 50%. Obecnos¢ Fe(OH); zwigksza szybko$¢ sedymentacji w granicach 8-62%. Klaczki Fe(OH),

powoduja obnizenie szybkosci sedymentacji Cu(OH),, ale jednocze$nie umozliwiaja usunig¢cie drobnych
czastek Cu(OH),. Metoda agregacji i wspolstracania z zastosowaniem oleinianu sodu i Fe(OH), daje
98% usunigcie Cu(OH),.

UCCJIIEAOBAHUME BO3MOXHOCTHU VIJIVUIIEHUA CEIWMMEHTALMUA TI'MAPOOKUCHU
MEJU TTOCPEJCTBOM AI'PETALIMM U COBMECTHOI'O OCAXIAEHWA

HWcceqoBaHus KACAOTCS BJIMSIHMSI PEAKIMM U oJjicaTa HATpus (KaK arpernpyroniero areHra) Ha
kuHeTHKy ceuMenTanuu Cu(OH),. UccnenoBana Takxke kudetuka ceaumentanuua Cu(OH), B mponecce
COBMECTHOro ocaxjaeHusi npu nomouw Fe(OH),.

ITony4yeHHbIE Pe3yJIbTAThI MOKA3bIBAIOT, YTO MaKCHUMaJIbHOW ObicTpoThl cenumenTtauuu Cu(OH),
npocturaroT npu pH = 7, 4To oTBeyaeT HaMMeEHbIIEMY OTPHLATEILHOMY 3HAYCHMIO MOTEHIHAIA (3eTa
(—15 MB). Bbli10 ycTaHOBJIEHO, 4TO f0baBIeHHE 0JieaTa HATpHs KoHueHTpamuu 10 mMr/am?® 1octaTouHo,
4To0Bl yBenMuuThH ObICTpOTY ceaumenTtamun Cu(OH), nHa 50%. Hammume Fe(OH), ysenuumsaer
OBICTPOTY ceauMeHTaluu B mpeaenax 8-62%. Xusonbss Fe(OH); npuBoAST K HOHMKEHHIO OBICTPOTHI
cequmenTaimn Cu(OH),, Ho onqHOBpeMeHHO cnoco6cTByrOT yaasneHnto Meskux yactul, Cu(OH),. Meton

arperamyiu ¥ COBMECTHOTO OCaXK/CHHs ¢ mpuMeHeHueM oseata Hatpus u Fe(OH); naer 98% ynanenue
Cu(OH),.




