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Batch experiments of Cu(II), Ni(II) and Zn(II) sorption onto peat were carried
out in solutions containing ligands viz. glycine, EDTA, tartrate, citrate, and in
those without ligands. The presence of ligands in solutions diminished the metal
ion sorption onto peat in most cases. At an excess of metal ions in comparison
with ligand concentration in solution, the precipitation of insoluble compounds of
Cu(II) with EDTA, citrate, tartrate and Zn(II) with citrate and tartrate took place
together with metal ion sorption.
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INTRODUCTION

Nearly all industrial effluents are contaminated with
heavy metals. These pollutants are highly toxic, non-
biodegradable and may be cancerogenic. The use of
metal complexes in industry is the main reason for
enormous pollution of the environment with heavy
metals. Complexing agents enhance the solubility and
bioavailability of metals. Most of heavy metals dis-
solved in wastewater effluents and surface runoff
are complexed. Moderately strong complexing lig-
ands, which consist of a naturally occurring organic
matter, are responsible for the complexation of only
about 5-20% of such heavy metals as copper and
nickel. The remaining part of heavy metals is com-
plexed by synthetic chelating agents [1]. The extent
of metal complexation in soil aquatic systems is close
to 100% for copper. A significant complexation has
been reported for zinc and cadmium [2].

EDTA is one of the synthetic ligands most wide-
ly used in industry and household. Besides EDTA,
industries use other strong complexing agents such
as ethylendiamine, glycine, tartrate, citrate, succina-
te. As a rule, metal ions from complex solutions are
removed after degradation of ligands by oxidation.

The traditional techniques for removing metal
ions from aqueous effluents are precipitation with
carbonate or hydroxide, filtration, ion exchange, and
the use of various sorbents. Cheap and effective tech-
nologies or sorbents are required for the treatment
of waste water streams contaminated with heavy me-
tals. Natural materials available in large quantities
or certain waste products from industry or agricul-
ture are more suitable for this purpose [3].
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Peat is one of such sorbents [4-7]. It is a rather
complex soil material consisting of organic matter
at various stages of decomposition. It contains lig-
nin and cellulose as major constituents. These cons-
tituents, especially lignin, contain polar functional
groups such as alcohols, aldehydes, ketones, acids,
phenolic hydroxides, and ethers that can be invol-
ved in chemical bounding. Due to such properties
peat tends to have a high cation exchange capacity
and is an effective adsorbent for the removal of
heavy metals. Studies of Ni(II), Cu(Il), Zn(II) and
Cd(II) binding onto moss peat showed that in single-
component systems the maximum capacity was simi-
lar (180-200 mmol/kg) regardless of the metal natu-
re. However, the pH at which a given percent re-
moval would occur varied. At pH 4.0, 90% of Cu(II)
was removed; at pH 4.5, 90% of Ni(Il) was remo-
ved; at pH 5.6, 90% of Cd(II), and at 6.7, 90% of
Zn(II) were removed. For Cu, peat had a maximum
sorption capacity of 16.4 mg/g (0.26 mmol/g) and
for Ni(II) 9.18 mg/g (0.16 mmol/g), and the value
of optimum pH was highest for Ni(II), showing a
trend inverse to maximum sorption capacity.

In all cases the adsorption capacity and the va-
lues of ion exchange and complexation are dependent
on pH, ionic strength, concentration and peat type.
There are many different types of peat available,
exhibiting different chemical and physical properties.
All authors discussing the subject agree that the na-
tural capacity of peat to retain cations is related to
pH of the solutions. The optimum pH range for the
sorption of most divalent ions onto peat is 3.5-6.5

[4]-
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Practically, peat investigations are interesting be-
cause of peat being an inexpensive sorbent for he-
avy metals. Theoretically, these investigations can be
used to appraise the metal mobility in the environ-
ment. However, we did not find in literature any
data on complexed metal ion sorption onto peat.
Therefore our studies were carried out with the pur-
pose to determine the effect of pH, the initial con-
centration of Cu(II), Ni(Il), Zn(II) and their com-
plexes with EDTA, glycine, citrate, tartrate on the
sorption onto peat.

EXPERIMENTAL

The peat used in this study was manufactured by
JSC “Durpeta”, Sepeta, Kupiskis region, Lithuania.
It is of a low degree of decomposition with the
following characteristics: pH 5.75-5.85 (in water),
pH 3.4-3.5 (in 1 N KCI solution), ash = 3.4%, total
organic carbon = 47.9%, total N = 1.6%, total
P = 0.02%, inorganic P = 0.004%, moisture con-
tent 11-17%.

All experiments were carried out on peat dried
at 105 °C and sieved (1 mm? mesh). All figures are
calculated on the basis of dry peat. The content of
ash, carbon, nitrogen and phosphorus in the peat
was determined according to standard methods [8].
Incineration was carried out at 600 °C for 3 h, total
nitrogen was determined by Kjeldahl method, orga-
nic carbon — after oxidation with chromic acid, total
and inorganic phosphorus — by oxidation with H,O,
and dissolution in HCI.

All experiments were carried out at room tem-
perature by adding peat to a solution containing me-
tal sulphate salts. The concentrations of metal salts
and ligands were selected on the basis of actual con-
centrations in wastewater streams containing spent
solutions in a metal finishing industry and a printed
circuit board manufacture. These concentrations can
vary in a rather wide range depending on the con-
ditions of production. The effect of the initial con-
centration of copper, nickel and zinc on adsorption
was studied using 1 g dry peat per 100 ml solution.
The concentrations of copper, nickel and zinc were
studied within a range of 10-200 mmol/l and EDTA
20 mmol/l, glycine 50 mmol/l, citrate 10 mmol/l and
tartrate 20 mmol/l. pH was adjusted each 2-3 days
by means of NaOH or H,SO, solutions until the
pH value became fixed. It took about 15-20 days.
After that the solutions were filtered and analysed.

The concentrations of Ni(II) and Zn(II) in solu-
tions were determined complexonometrically by us-
ing EDTA as a titrant and appropriate indicators,
Cu(Il) ions by means of iodide. The concentration
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of organic matter was determined by oxidation with
permanganate in alkaline solution. The excess of per-
manganate was retitrated by oxalic acid in acidic
solutions [9].

The results on organic matter concentrations are
given for both dissolved peat organic matter and
ligands.

RESULTS AND DISCUSSION

Sorption of free metal ions. According to the litera-
ture data [3, 6], peat acts as a good metal ion sor-
bent in a rather narrow pH range. First of all, the
pH influence on metal sorption onto peat was in-
vestigated in order to find out the maximal sorption
ability of peat (Fig. 1a). The sorption does not pro-
ceed at low pH values. An increase in pH leads to
a decrease of residual metal concentrations, i.e. to a
rise in adsorption. The further increase in pH cau-
ses formation of insoluble metal hydroxides, there-
fore the residual metal concentrations decrease to
0.05-0.2 mmol/l. The increase in metal concentra-
tions in alkaline solutions can be caused by metal
ion complexation of dissolved peat organic mater
(Fig. 1b). In case of Zn(II) some dissolution of hyd-
roxides takes place at pH 12.

The pH values at which the insoluble metal hyd-
roxides form depending on metal ion concentration
are shown in Fig. 1la and tabulated in Table 1. The

Cu(II)
Ni(II)
Zn(IT)

Residual metal concentration,
mmol/l
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Residual concentration of dissolved

12

Fig. 1. Dependence of residual metal (a) and organic
matter (b) concentrations on pH after sorption. 1,1’ -
Cu(1l), 2,2° — Ni(II) and 3,3° — Zn(II). Initial concentra-
tions (mmol/l): Cu(Il) — 9.6, Ni(II) - 10.4, Zn(II) — 6.5
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Table 1. Calculated pH values at which insoluble metal hydroxides The estimation of peat sorption abi-
form depending on metal ion concentration lity is most reliable at the pH values
= : — when no hydroxide precipitation takes

s | o | i | 1o bt o place. Theretors th forter st
tions were carried out at pH 4 for

Cu(OH), 50107 10 5.65 Cu(II), and pH 5 for Ni(II) and Zn(II).
30 5.00 The peat sorption ability for Cu(II),

;88 i?g Ni(II) and ZI.I(H)' depenc'ls on th§ me-

Ni(OH), 2.0-10-15 10 335 tal con.cent'ratl.on in solution and incre-
50 730 ases with its increase. The free metal

100 715 ion sorption onto peat is in good agre-

200 7.00 ement with the solubility of the metal

Zn(OH), 7.1-10°18 10* 6.43 hydroxides and decreases in the follo-
50 6.08 wing order: Cu(Il) > Zn(II) > Ni(II)

100 6.08 (Fig. 2). Actually, this order is similar

200 6.22 for all the sorbents containing functio-

* The beginning of dissolution of Zn(OH), takes place at pH 10.5, nal groups with oxygen [12, 13] Our
the complete dissolution occurs at pH 12-13. data are in good agreement with the

pH of the beginning of precipitation was calculated
according to the equation:

sp 1/2
H=14-|
p g(MeZ+)

where SP is the solubility product of insoluble me-
tal hydroxides.

The quantities of dissolved organic matter incre-
ase with an increase in pH and considerably exceed
the metal ion concentration at all pH investigated
(Fig 1b). According to reference [6], the composi-
tion of dissolved organic matter strongly depends
on pH. In mildly acidic and neutral solutions the
dissolution of low molecular weight organic acids
such as oxalic, citric, gallic etc. is possible, meanw-
hile in alkaline solutions the dissolution of high mo-
lecular weight compounds such
as tannin, lignin humic and ful-

well-known explanation of metal ion
sorption onto peat by functional groups
containing oxygen. Besides, the sorbed amounts of
metal ions are similar to those described in litera-
ture [4].

1.6
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50 mmol/l
1.2 Cu(in
L0 @100 mmol/l
3 Zn(IN)
E 0200 mmol/l
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=
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Fig. 2. Effect of solubility product on metal ion sorption
onto peat at different initial metal concentrations

vic acids proceeds. These high Table 2. Sorbed amount of metal ions onto peat, mmol/g
concentration, mmol/l : ; :
ions. It partly explains the retar- Without | Glycine | EDTA | Tartrate | Citrate
ding effect of pH on metal ion |Cu (II) 9.6 0.4 0.1 0.5 0.6 0.2
sorption on peat in alkaline so- 48 0.9 0.4 Sk 1.6% 1.5%
. . * *
lutions, meanwhile low molecu- 122 ig 82 ;2* éi* 83
lar Vlze‘ght organic .C‘?inpfm;ds Ni (1) 10.4 0.2 0.1 0.04 0.1 0.05
are known as precipitants for 5 0.2 01 02 03 01
metal ions [11]. 104 0.2 0.2 0.3 0 0
During the sorption process 208 0.4 0.2 0.3 0 0
the solution pH, as a rule, dec- |Zn (II) 10.6 0.7 0 0 0.1 0.1
reased. Therefore it was adjus- 53 0.6 0.3 0.5 1.7% 0.2
ted with NaOH. However, due 106 0.7 0.4 0.8 1.9% 8.8*
. . * *
to the complicated sorption pro- 212 0.9 04 1.2 24 4.5
cess, the rde. of pH was not tho- * Formation of light precipitates different from peat
roughly studied.
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Sorption of complexed metal ions. The presence
of ligands in solutions considerably changes the me-
tal ions sorption ability of peat (Table 2, Figs. 3-6).
In most cases inspection of peat after filtration sho-
wed that the peat to contain light crystalline preci-
pitates. They are indicated in Table 2. Glycine, as a
rule, reduces the sorption of all investigated metal
ions onto peat (Fig. 3a). The presence of EDTA
(Fig. 4a) considerably increases the supposed Cu(1I)
sorption at higher metal concentrations. Only when
the EDTA concentration exceeds the Cu(Il) con-
centration, the retarding effect of EDTA on Cu(II)
sorption is seen. The further investigation showed
that at pH 4 the precipitation of insoluble
Cu,EDTA-4H,O took place when the Cu(II) con-
centration exceeded that of EDTA [14]. However,
the presence of peat considerably changed the com-
pleteness of Cu(Il)-EDTA precipitation. In case of
Ni(II) and Zn(II), when the precipitation with EDTA
did not proceed, the sorption of metal ions was much
lower than that without ligands.

The formation of insoluble metal compounds of
tartrate and citrate with an excess of Cu(ll) and
Zn(II) is well known. However, the presence of tar-
trate (Fig. 5a) and citrate (Fig. 6a) remarkably re-
duces the Ni(II) sorption onto peat. It is worth no-
ting that in case of Cu(ll) and Zn(II), when no
insoluble precipitates appear, the metal ion sorption

0,6
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g
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=
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/ —— Zn(ll)
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b —e— Cu(Il)
- —=-Nid)
400 | \ —— Zn()

300

Residual organic matter, mgeq/l

0 50 100 150 200
mmol/l

Fig. 3. Dependence of sorbed quantities of metal ions
(a) and residual organic matter (b) on initial concentra-
tion of metal ions at pH 4 for Cu(Il) and pH 5 for
Ni(IT) and Zn(II) in presence of glycine
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is much lower in comparison with sorption without
ligands.

The residual concentrations of organic matter
remarkably increase when insoluble precipitates are
formed (Figs. 3b—6b). When changes in residual
metal concentrations are small, changes in organic
matter concentrations are small, too. Such chan-
ges arise due to the sorption process. The consi-
derably decreased metal ion concentrations as well
as a decreased organic matter content show, as a
rule, the formation of insoluble metal compounds.
The exception is citrate provided by a high (200
mmol/l) Cu(Il) concentration (Fig. 6). In this case
the residual organic matter concentration and the
metal sorption are low, and the precipitates do
not form.

A comparison of the results of peat interaction
with the complexed and uncomplexed metal ions sho-
wed that in case of complexed metal ions the inte-
raction was more complicated due to a precipitation
of insoluble metal ion compound with ligands. When
the precipitation did not take place, the presence of
ligands decreased the metal ion sorption. Such a
distinct effect was obserwed for Cu(II), Ni(II) and
Zn(II) complexes with glycine, and Ni(II) comple-
xes with EDTA, citrate and tartrate.

The results presented show that peat is a useful
sorbent of free metal ions. Metal ions in the pre-

—e— Cu(Il)

Sorption, mmol/g
-
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Residual organic matter, mgeq/1
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mmol/l

Fig. 4. Dependence of sorbed quantities of metal ions
(a) and residual organic matter (b) on initial concentra-
tion of metal ions at pH 4 for Cu(Il) and pH 5 for
Ni(IT) and Zn(II) in presence of EDTA
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Fig. 5. Dependence of sorbed quantities of metal ions
(a) and residual organic matter (b) on initial concentra-
tion of metal ions at pH 4 for Cu(Il) and pH 5 for
Ni(IT) and Zn(II) in presence of tartrate
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Fig. 6. Dependence of sorbed quantities of metal ions
(a) and residual organic matter (b) on initial concentra-
tion of metal ions at pH 4 for Cu(Il) and pH 5 for
Ni(IT) and Zn(IT) in presence of citrate

sence of ligands are sorbed onto peat much less. At
an excess of metal ions in comparison with ligands
the sorption onto peat as a rule increases for both

free and complexed metal ions. In some cases pre-
cipitation of insoluble metal compounds takes place
simultaneously with sorption.

CONCLUSIONS

1. The sorption of free metal ions onto peat decre-
ases in the following order: Cu(Il) > Zn(II) >
Ni(II).

2. The sorption of metal ions onto peat in the
presence of ligands is much lower.

3. An increase in metal ion concentration:

a) leads to a increase in the sorption of both
complexed and uncomplexed metal ions;

b) causes the formation of insoluble Cu(II) com-
pounds with EDTA, citrate and tartrate and inso-
luble Zn(II) compounds with citrate and tartrate.
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J. Aikaité, O. Gyliené, M. Salkauskas

KOMPLEKSINIU IR NEKOMPLEKSINIU Cu(Il),
Ni(Il) ir Zn(Il) JONU SAVEIKA SU DURPEMIS

Santrauka

Buvo tirta laisvy Cu(II), Ni(II) ir Zn(II) jony ir jy
kompleksy su glicinu, EDTA, tartratu ir citratu sorbcija
durpése. Ligandai dazniausiai mazina metaly jony sorb-
cija tirpaluose ant durpiy. Su metaly sorbcija, esant jy
pertekliui, vyksta ir netirpiy junginiy, Cu(Il) su EDTA,
citratu, tartratu ir Zn(II) su citratu ir tartratu, nusédi-
mas.
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H. Aiikaiite, O. I'miene, M. Ilankayckac

B3AMMOJIEICTBUE KOMILIEKCHBIX U
HEKOMILIEKCHBIX MOHOB Cu(Il), Ni(IT), Zn(II)
C TOP®OM

PeswowMme

HUccnenoBana copduus topdom cBodomausix Cu(Il), Ni(Il)
u Zn(Il) MOHOB M WX KOMIUIEKCHBIX COCAMHEHHH C TITH-
uuHoM, O/ITA, Taprparom, nurparom u3 pacTBopoB. JIu-
TaHAbl, KaK MPaBHJIO, CHIKAIOT COPOIMIO METaIOB TOp-
¢om. IIpu n36bITKE CBOOOAHBIX HOHOB METANIOB 0Opa-
3ytorcsa HepacTBopumble coeguHeHuss Cu(ll) ¢ D/TA,
taptparom, murparom u Zn(I[) ¢ tapTparom m mmTpaTom.



