Influence of selected conditions on the
efficiency of carbonate precipitation of Cu(ll),
Ni(ll), Pb(ll) and Zn(Il)ions

ABSTRACT

The aim of this work was to find optimal process conditions for carbonate precipitation of
heavy metal ions from monocomponent and binary multicomponent solutions using Na,COs3;
as an alternative precipitant. The research work was done in the Laboratory for Instrumental
methods at the Faculty of Technology, University of Tuzla.

Na,CO; precipitant was added to the prepared synthetic monocomponent and binary
multicomponent heavy metal solutions with initial concentrations of 500 mg/L in doses to
achieve pH 8 at the selected mixing speeds (0, 100, 300 and 800 rpm) and mixing time (O,
15 and 30 minutes).

The results of the influence of solution mixing showed that the removal percentages of
Cu(ll), Ni(ll) and zZn(Il) were equal in monocomponent and binary multicomponent solutions,
in contrast to Pb(ll). Testing the influence of time showed that the efficiency of heavy metal
ion removal was in most cases the best immediately after the addition of the precipitant to
the heavy metal solution, which suggests that with a longer mixing time, the formed solid
carbonate particles dissolve, reducing the removal efficiency.

Carbonate precipitation is a simple method that does not require many technological
operations in the wastewater industry, and testing these selected process conditions in
laboratory will help to better understand the kinetics and mechanisms of particle formation,
as well as the fact that most metal ions are well removed with a shorter mixing time as well
as at lower mixing speeds.
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1. INTRODUCTION

The definition of heavy metals most often refers to metals whose specific density is greater
than 5 g/cm3 [1]. Heavy metals are found in nature in very low concentrations, however, in
larger quantities they are very dangerous [2]. Heavy metals are major environmental
pollutants and are mainly of anthropogenic origin, most often commercial and industrial, but
they are also naturally found in the biosphere. The growth of the world's population and
industrialization are creating large amounts of wastewater that contain large amounts of
heavy metals and are therefore a threat to the environment [3]. The reason why researchers
around the world are assessing the concentrations of heavy metals in the air, water and soil
is that millions of people are affected by this problem [4]. A global problem today is the
pollution of natural waters with heavy metals such as Cu(ll), Ni(ll), Pb(ll) and Zn(Il) which are
persistent in the environment, bioaccumulate and biomagnificate in the food chain and are




toxic [5]. Exposure to heavy metals can cause consequences such as ingestion, inhalation,
and dermal absorption [6].Therefore, there is great importance for the removal of heavy
metals from the environment, and according to a review of the literature, there are various
methods for removing these toxic substances. Methods for removing heavy metals from
natural waters include adsorption, flotation, ion exchange, chemical precipitation,
membrane-based filtration, coagulation, flocculation, phytoremediation, and electrochemical
methods [7], [8]. In this paper, chemical precipitation was investigated as a simple and easy-
to-operate method for the removal of heavy metals. By chemical precipitation we mean a
method in which heavy metal ions are converted into solid particles under the influence of an
appropriate agent by adjusting the pH [9]. The most commonly used precipitant for the
removal of heavy metals is lime, however, a good alternative that also respects the
principles of green chemistry and provides good removal efficiency is actually-carbonate
precipitation using CaCO3; and Na,CO; [10]. Therefore, based on the previous experience of
the authors of this paper on the topic of carbonate precipitation of metal ions using Na,COs,
this paper investigates the influence of very important process conditions on the precipitation
of metal ions in monocomponent and binary multicomponent solutions, namely the mixing
speed (rpm) and the mixing time of the solution (min.). The importance of researching mixing
speed and mixing time on the effectiveness of carbonate precipitation of metal ions is very
important in terms of reducing precipitation time, electricity consumption and reducing the
consumption of Na,CO; precipitant dose. Also, the importance of this research is reflected in
the lack of scientific works available on this topic.

2. MATERIAL AND METHODS
2.1.Instrumentation

Instruments used for the experimental part of this work were: Atomic absorption
spectrometer, Perkin Elmer Aanalyst 200, pH meter GLP Crison,analytical balance Kern
ADDB, (0,001 g)

2.2. Chemicals and reagents

During the experimental work, the following chemicals were used: standard solutions of Cu,
Ni, Pb and Zn, Merck,;Germany. Other chemicals were of p.a. grade: Na,CO3, Sisecam Soda
Lukavac, Cu(NO3); - 3H,0O, Pliva Zagreb, Ni(NO3), - 6H,0, Semikem, Sarajevo, Pb(NO3),,
Alkaloid, Skopje,. Zn(NO3),: 6H,O, Kemika, Zagreb, blue and black ribbon circle, Fioroni,
France.

2.3. Dose of added precipitant (Na,COs,)

In this,research, the precipitant Na,CO; was added with a concentration of 2 g/L as an
alternative to a more toxic and expensive precipitant such as NaOH. Table 1. shows the
doses of precipitant used in this work in order to achieve the appropriate pH 8 at which the
carbonate precipitation of the mentioned ions from monocomponent and binary
multicomponent systems was performed.

Table 1.Dose of precipitant Na,CO3
Metals dose of Na,CO3, mL/100 mL
Cu(ll) 75
Ni(ll) 2




Phb(Il) 7

zn(ll) 40
Cu-Ni(ll) 3
Pb(I1)-zn(I1) 10

2.4. General procedure

Carbonate precipitation was carried out in such a way that in 100 mL solutions of
monocomponent metals Cu(ll), Ni(ll), Pb(ll) and Zn(ll) initial concentrations of 500 mg/L and
binary multicomponent solutions of metals Cu(ll)-Ni(ll) and Pb(Il)-Zn(ll) initial concentrations
of 500 mg/L added a certain dose of precipitant Na,CO3. Precipitant was also added to
adjust pH 8 for all metals in monocomponent and binary multicomponent solutions. The
chosen pH 8 is because some metal ions dissolve again at higher pH values, which the
authors of this paper confirmed in earlier research.After the specified time oftmixing the
solutions, the solutions were filtered first through the black and then through the blueribbon
circle. On the same day, metal samples were measured on FAAS, and then the efficiency of
removal of metal ions from the solution was calculated (E, %):

E =Ci-Cf/Ci- 100

where: E, % removal efficiency, Ci — initial metal concentration (mg/L), Cf — final metal
concentration (mg/L). Data are given as the mean of three replicates.

3. RESULTS AND DISCUSSION

3.1. Influenence of solution mixing.speed on the efficiency of precipitation of
Cu(Il), Ni(11), Pb(l1), Zn(11), Cu(I)-Ni(ll) and Pb(Il)-Zn(ll) systems
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Fig. 1L.Influence of solution mixing speed (rpm) on the efficiency of precipitation of
Cu(ll) ions using sodium carbonate
Conditions: Cu(ll) 500 mg/L, pH 8, t = 5 minutes



The highest Cu(ll) ion removal efficiency using sodium carbonate as a precipitant was
achieved at 300 rpm, while this value decreased with further increase of the mixing speed. In
fact, the lowest Cu(ll) ion removal efficiency (E<99.945%) was recorded at 800 rpm. Begi¢ et
al. 2020 investigated the efficiency of Cu(ll)-Ni(ll) removal from industrial wastewater using
Na,CO; at optimal pH values and found that the highest efficiency of Cu(ll) ion removal
(E=66.125%) was at a mixing speed of 300 rpm, which was confirmed in this work that a
speed of 300 rpm is the best for Cu(ll) ion removal [11].
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Fig. 2. Influence of solution mixing speed (rpm) on the.efficiency of precipitation of
Ni(ll) ions using sedium carbonate
Conditions: Ni(ll) 500:mg/L; pH 8,t = 5 minutes

The same removal efficiency values were ‘achieved without mixing and when the mixing
speed of the solution was 800 rpm, and these values were 94.594%. The lowest value was
at a mixing speed of 300 rpm (94:58%). Junuzovic et al. 2019 investigated the effect of pH
(pH=7.80) on the precipitation of Ni(ll) and Cu(ll) ions from monocomponent solutions using
sodium carbonate at a solution stirring speed of 300 rpm and found that Ni(ll) had a lower
removal percentage compared to Cu(ll), which is consistent with the results obtained in this
work [12].
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Fig. 3.Influence of solution mixing speed (rpm) on the efficiency of precipitation of
Pb(ll) ions using sodium carbonate
Conditions: Pb(ll) 500 mg/L, pH 8, t = 5 minutes



When it comes to Pb(ll) ions, the best carbonate precipitation efficiency was at 100 rpm,
while with further increase of mixing solutions, the carbonate precipitation efficiency
decreased. Thus, the lowest value was 74.952% at a speed of 800 rpm.
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Fig. 4. Influence of solution mixing speed (rpm) on the‘efficiency of precipitation of
Zn(ll) ions using sodium carbonate
Conditions: Zn(ll) 500 mg/L, pH-8, t =5 minutes

Compared to the previous three tested metals, thethighest carbonate precipitation efficiency
was recorded for Zn(ll) ions at 0 rpm, while it further decreased at mixing speeds of the
solution on 100 and 300 rpm.

mCu(ll) mNi(ll)
96.8
96.25
S
S 957
94.6
0 100 300 800
rpm

Fig:5. Influence of solution mixing speed (rpm) on the efficiency of precipitation of
Cu(ll) and Ni(ll) ions in a binary multicomponent system using sodium carbonate
Conditions: Cu(ll) and Ni(ll) 500 mg/L, pH 8, t = 5 minutes

In a binary multicomponent system consisting of Cu(ll) and Ni(ll) at the same initial
concentrations, mixing time of 5 minutes, and pH values, significant differences in the
efficiency of carbonate precipitation were observed. Namely, the highest efficiency of
carbonate precipitation of Cu(ll) ions was at a mixing speed of 100 rpm (E=96.394%), while
with further increasing the mixing speed, the efficiency of carbonate precipitation decreased
linearly. The same behavior of Cu(ll) ions (highest precipitation efficiency) was observed in a
monocomponent solution (Fig 1.) when the optimal mixing speed of the solution was 100



rpm. Similar behavior was shown by the Ni(ll) ion in the binary multicomponent system when
the efficiency of carbonate precipitation was 95.528% at 800 rpm, while a slightly lower value
of 95.523% was achieved at O rpm compared to the monocomponent metal system when
the same values of the efficiency of carbonate precipitation were obtained at the same
speeds (Fig.2).
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Fig. 6.Influence of binary solution mixing speed (rpm) on the efficiency of
precipitation of Pb(ll) and Zn(ll) ions in a binary multicomponent system using sodium
carbonate
Conditions: Pb(ll) and Zn(Il) 500 mg/L, pH 8, t = 5 minutes

When it comes to the binary multicomponentsystem of Pb(ll) and Zn(ll) ions under the same
laboratory conditions as the previous mixture of Cu(ll) and Ni(ll), the optimal mixing speeds
differed. Thus, Pb(ll) ions were best removed from the solution at a mixing speed of 300
rpm, while Zn(ll) ions were best removed without mixing the solution (0 rpm). Compared to
the results from the monocomponent solutions (Fig. 3 and Fig.4), it can be noted that Pb(Il)
ions had the highest precipitation efficiency at 100 rpm, while Zn(ll) ions in the binary
multicomponent system behaved the same as in the monocomponent system with the best
precipitation efficiency at O rpm.

3.2. Influenence.of time on the efficiency of precipitation of Cu(ll), Ni(ll), Pb(ll),
Zn(ll), Cu(ID-Ni(ll) and Pb(I)-Zn(ll) systems
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Fig. 7. Influence of time (minutes) on the efficiency of precipitation.of Cu(ll) ions using
sodium carbonate
Conditions: Cu(ll) 500 mg/L, pH 8, 300 rpm

By increasing the mixing time of the solution, the efficiency of carbonate precipitation of
Cu(ll) ions decreased after 15 and 30 minutes. The efficiency of carbonate precipitation had
the best result without mixing solution, that is, immediately. after:dosing the precipitant with
the metal solution (E>99.940%).
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Fig. 8.Influenceof time (minutes) on the efficiency of precipitation of Ni(ll) ions using
sodium carbonate
Conditions: Ni(ll) 500 mg/L, pH 8, 300 rpm

By inereasing mixing of the solution, the efficiency of carbonate precipitation of Ni(ll)
decreased, as with Cu(ll) under the same laboratory conditions. The highest carbonate
precipitation efficiency for Ni(ll) ion was 94.612%.
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Fig. 9. Influence of time (minutes) on the efficiency of precipitation.of Pb(ll) ions using
sodium carbonate
Conditions: Pb(Il) 500 mg/L, pH 8, 300 rpm

The highest efficiency of carbonate precipitation was recorded when the duration of mixing
the solution was 15 minutes, while increasing time of mixing the/solution, the efficiency of
precipitation was reduced, as with the previous two tested metals. Selimovi¢ et al. 2020
investigated the influence of pH on the efficiency of removing Pb(ll) ions from
monocomponent solutions using Na,CO3; under process conditions: time 5 minutes, solution
mixing speed 300 rpm, pH 8.38, and obtained:a removal efficiency of 99.814%, which
indicates that a shorter precipitation time is required, and confirmed by the results of this
work where a worse result was obtained with a longer time (t=30 min, E=76.366%) [13].
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Fig. 10.Influence of time (minutes) on the efficiency of precipitation of Zn(ll) ions
using sodium carbonate

Conditions: Zn(lIl) 500 mg/L, pH 8, 300 rpm

Unlike Cu(ll), Ni(ll) and Pb(ll) ions, Zn(ll) ions required a longer duratation solution mixing
time to achieve higher carbonate precipitation efficiency. The best efficiency of precipitation
Zn(Il) ions was achieved with time of mixing solution 30 minutes (E=99.324%). Wierzba et
al. 2022 examined the influence of time from 0.5 to 5 h on the precipitation of Cu(ll) and
Zn(Il) using CaCOs, where equilibrium is reached after about 3 h for the mentioned metals



[14]. Therefore, it is evident that a longer time is required for Zn(ll) ions to precipitate in the
form of solid particles.
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Fig. 11. Influence of time (minutes) on the efficiency of precipitation of Cu(ll) and Ni(ll)
ions in a binary multicomponent system using.sodium carbonate
Conditions: Cu(ll) and Ni(ll) 500 mg/L, pH:8, t = 5 minutes

The effect of mixing time of binary multicomponent solutions of Cu(ll) and Ni(ll) at an initial
concentration of 500 mg/L on the efficiency of carbonate precipitation was highest for Ni(ll)
ions without mixing (0 min.) and this value was 95.521%, while for Cu(ll) ions it was
achieved at the longest mixing time (30<min,) andthis value was 96.247%. Compared to
monocomponent solutions when the best achieved Cu(ll) precipitation efficiency required a
time of O minutes, Ni(ll) ions “behaved similarly in monocomponent and binary
multicomponent solutions when they achieved the best precipitation efficiency (0 min.) at the
same mixing times of the solutions. Zhang and Duan, 2020 examined the precipitation of
three selected metal ions using ‘synthetic magnesium hydroxy carbonate and found that
good removal efficiency wasiachieved already at a time of O to 3 min, but that no significant
changes in removal efficiency occurred with further increase in reaction time, which is
consistent with the results obtained in this work [15].
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Fig. 12. Influence of time (minutes) on the efficiency of precipitation of Pb(Il) and zZn(Il)
ions ions in a binary multicomponent system using sodium carbonate
Conditions: Pb(ll) and Zn(ll) 500 mg/L, pH 8, t = 5 minutes



The influence of time had a positive effect on the efficiency of removing Pb(ll) ions, so that at
the longest mixing time of the solution, a carbonate precipitation efficiency of 99.350% was
achieved, while for Zn(ll) ions, mixing of the solution was again not necessary, because the
best carbonate precipitation efficiency was achieved at a time of O minutes and was
98.944%.The overall nucleation rate strongly depends on the mixing conditions, as it
depends in a very nonlinear way on the level of supersaturation [16]. In comparison with the
monocomponent solutions of Pb(ll) and Zn(ll), when a time of 15 and 30 minutes was
required for the best results of the carbonate precipitation efficiency of the mentioned metals.
In relation to the binary multicomponent system of Cu(ll) and Ni(ll) (Fig. 11), Ni(ll) ions
behaved like Zn(ll) ions, while a longer time was required for the removal of Cu(ll), as is the
case with Pb(ll) ions.

3.3. Statistical analyses

Since in each statistical factor the agreement between the measured values is good, it is
less than the critical factor.

Table 2. ANOVA single factor for monocomponent metal solutions (mixing speed)

Groups Count Sum Average/ Variance
rpm 4 1200 300 126666,7
Cu(ln 4 399,797, 99,94925 9,58E-06
Ni(II) 4 378,36 94,59 4,53E-05
Pb(ll) 4 302,885 75,72125 0,578149
Zn(ll) 4 397,222 99,3055 2,97E-05

Table 3.ANOVA single factor for binary multicomponent metal solutions (mixing
speed)

Groups Count Sum Average Variance
rpm 4 1200 300 126666,7
Cu(ln 4 385,066 96,2665 0,007228
Ni(Il) 4 382,087 95,52175 2,36E-05
Pb(ll) 4 397,464 99,366 0,026266
Zn(ll) 4 395,765 98,94125 8,09E-05

Table 4.ANOVA single factor for monocomponent metal solutions (time)

Groups Count Sum Average Variance




min 3 45 15 225

Cu(ln) 3 299,787 99,929 0,000247
Ni(ll) 3 283,811 94,60367 5,83E-05
Pb(ll) 3 231,984 77,328 0,707539
Zn(ll) 3 297,938 99,31267 0,000112

Table 5. ANOVA single factor for binary multicomponent solutions (time)

Groups Count Sum Average Variance
min 3 45 15 225
Cu(ln 3 288,697 96,23233 0,000261
Ni(II) 3 286,538 95,51267  0,000162
Pb(ll) 3 297,8 99,26667 0,012097
Zn(ll) 3 296,799 98,933 0,000301

4. CONCLUSION

The selected heavy metal ions precipitated differently in the form of insoluble carbonates
both individually and in binary mixtures. Thus, Ni(ll) and Zn(ll) ions in monocomponent
solutions had the highest removal efficiency at 0 rpm, while Cu(ll) and Pb(ll) had it at speeds
of 300 rpm and 100 rpm, respectively. In mixtures, Cu(ll) and Pb(ll) ions again required
higher mixing speeds to be better removed from the solution, compared to Zn(ll) which again
showed that no mixing was required at all to achieve the best removal efficiency. The effect
of time on the removal efficiency showed that Cu(ll) and Ni(ll) ions precipitated very quickly
in the form of solid particles (O min), while the remaining two heavy metal ions required a
longer time to achieve a better result. Ni(ll) and Zn(ll) ions showed better removal efficiency
at the shortest time of the precipitation process (0 min), while Cu(ll) and Pb(ll) ions needed a
longer time to achieve better removal efficiency.
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