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Abstract: The paper presents a study regarding a possibl€avdlye removal and the recovery of lead (II) @admium

(1) ions from wastewaters with relatively high c@mtrations. The proposed method is based on #@piation of the
metal ions as oxalates with low solubility in watér systematic study to establish the optimum coowé for a high
degree of metal recovery as lead oxalate and cadmixalate is presented. The studied parameters: werepH, the
excess of reactant reagents, the initial conceotradf ions and the temperature. The crystallinedpcts obtained
correspond to: anhydrous lead (lI) oxalate (L and trihydrate cadmium oxalate (Cfiz*3H,0). The extraction
degree of metals was around 99% for lead (II) ameet, around 70% for cadmium (II). A possible temlogical flux for

the removal of the studied ions from wastewatersgstalline oxalates is proposed.
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1. Introduction cadmium, copper, lead, iron and otheations from metal
plating industries, electronic industries, metabgassing .
Waste waters streams contain besides Ni(ll), GuC(Il)
Toxic metals are often discharged by a number &0(ll), Cr(V1), Zn(ll) and Phb(ll), various salt specifically like
industrial processes and this can lead in turnh® t chlorides, sulfates, nitrates, fluorides and atseelating
contamination of freshwater and marine environmen&gents, surfactants, sulphuric acid, boric acidhé process
The release of industrial wastewater containingmiach  goes in alkaline pH, then, residual solutions conta
to the environment is strictly controlled due te tioxic ~carbonates, phosphates, sodium hydroxide. [6,7]
nature of soluble cadmium and lead cations [1]. wea The methods used in practice, according to theatitee,
metals are major pollutants in marine, ground, stdal for metal ions removal, depending on their coneitn in
and even treated wastewaters [2]. Industrial wastBe waste water streams are: ionic exchange, attsorpn
constitutes the major source of various kinds ofaine zeolites, chemical precipitation, electrolysis, izl
pollution in natural waters [3]. reduction biosorption [8-12]
To reduce the environmental impacts it is necessary ~Chemical precipitation represents however an effici
to remove these substances from wastewaters befdfay of heavy metal removal from waste water streaith a
being discharged in the environment. Lead is Righ level of concentration. Pbwas chemically precipitated
cumulative toxin in the body, like bones marrowatlés With  starch  xantate, ~ sodium hydroxide, 1,3-
a powerful neurotoxin, but kidney damage also ozasr benzenediamidoethanethiol dianion (BZETsodium di-(n-
a result of exposure to Pb. In spite of thes€ctyl) phosphinate [7], ammonium zirconyl oxalate,
inconveniences, lead is an important element witimyn (NH4)2ZrO(C,04),,  respectively  [13-18]. The  cations
industrial uses; however, in its ionic form in istial ~Precipitation with sodium hydroxide, carbonatespghates
wastewater is extremely toxic and strict environtakn Of lime stone gives amorphous compounds of Ni,@p,Cd,
laws impose its removal from wastewater, or wastel, Pb or Zn which are difficult to separate, wafiitered,
water streams. Particularly, the electronic and/aysit guard and store in a stable composition becauséheaif
industries generate waste water streams witfi*, Phinstability to air, humidity, CO2.
diluted nitric acid and nitrates, coming from lead  In this work we present a comparative study regaydi
deposition on steel surface. Lead concentratiomesal !€ad () and cadmium(ll) recovery from solutionsy b
are in a wide range, between 40 and 1000 nfj/IPb chemical precipitation as lead oxalate and cadmixadate,
[2-5]. Industry (nickel — cadmium batteries, cadmiu using oxalic acid as the precipitation reagent. @@pendence
pigments, ceramics with cadmium etc) is also thinmabPetween the precipitation process parameters ginjtiH,
source of pollution with cadmium. temperature, excess of precipitation reagent) eddcovery
There are different possibilities for the treatmeht degree of the metal iona%) was studied in order to establish
waste waters with heavy metals like nickel, cobalthe optimum precipitation conditions.
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2. Experimental where:
a represent the degree of recovery, % (mass percent)
2.1. Materials and methods Cime" — the initial concentration of the metal cations
[mg/L];

All the used reagents were chemical pure (Mer@fyMe.Z*_— the residual concentration of the cation, aftey
Fluka, Amex): Pb(N@, Cd(NO), H,C,0,.2H,0 Precipitation, [mg/L].

volumetric solution of titriplex Ill, 0,05M, 1IN HN©O The influence of various parameter such as:
solution, 0,1N KMnQ solution, Eriochrome Black T, Precipitation temperature, reaction mass pH, excebs
ammonium buffer solution (pH=10). precipitation reagent upon th& parameter was studied in

The working synthetic solutions containing 1gorder to establish the optimal precipitation coiodits.
PK*/L and 1gCd'/L have been treated with a 0,5M

H,C,0, solution, at defined parametrs:, G0, M** 3.1. Influence of the initial pH
ratio, temperature and pH values, under continuous ) _
stirring. The pH was adjusted to the desired valye The influence of the reaction mass pH on the regove

adding NaOH 10% solution or HNQ0% solution. The €fficiency a% of Pb(ll) and Cd(ll) as oxalates from aqueous
residual concentration of Pbin solutions was solutions with [1g ML ] was studied at 20°C, using 10%

determined by both FAAS and complexonometri€xcess of oxalic acid, for a time of reaction of mhutes,
titrations. under mechanical stirring at 300 rot/min. ph valwésthe
The lead oxalate precipitate has been filtratedeaction mass were modified in the pH range 1.(6- 6
washed and the dried powder has been charactefised. The residual cadmium and lead content in the reimgin
this purpose a well known quantity of oxalate wasolutions after chemical precipitation was deterdinby
dissolved in HNQ@ solution (1:2 vol). The cation atomic absorption spectrometry and confirmed also b
analysis was performed through complexonometric arf®Mmplexonometric titrations.
FAAS methods. The oxalate anion was determinate by The obtained experimental data are shown in Table 1
permanganometric titration in the presence of swipgh

acid, at 86C [20]. TABLE 1. Values of recovery degree and reaction mass pH
+2 2
2.2 Experimental techniques G(Pb™) | apsey | C(CA™) | acan
P ? No-| PR imgn | ) | man] | (%)
P and Cd* content in the working solutions was |1 6,5 1,09 98,9 56,7 43,3
determined by both complexonometric titration and b 2 .5 1,09 98,9 56,7 43-:
flame atomic absorption spectrometry (FAAS), using | 3 | 4.5 1,09 98,9 56,7 43,9
spectrophotometer ThermoElectron M Serie M5 Dual,| 4 3,5 1,77 98,2 56,7 43,3
according to SR 1SO 8288 [20,21]. The thermal asialy S 2,5 1,77 98,2 56,7 43,3
of the precipitated oxalates was performed on a| 6 1 1,79 98,2 56,7 43,3

derivatograph 1500 MOM Budapest, for a sample mass
of 100 mg, a heating rate of 5°C/min, under statfic The results presented in table 1 shows that the
atmosphere, up to 500°C. The FTIR spectra weiscreasing of the initial pH value from 1 to 6.5edonot
registered with a JASCO 430 FTIR spectrometer,Bn K influence the value of the recovery degree. Itltesalso that
pellets, in the range 400-4000¢m in the used conditions the recovery degree fordda is very
. low, compared to the one obtained for*PbAccording to
these results we choose as optimum pH value for the
3. Results and Discussion precipitation of both lead and cadmium ions a pH.5f

Our previous studies regarding the recovery &t Ni 3.2. Influence of the temperature
and CG&" cations from waste waters have shown that the ) _ )
precipitation of these ions as crystaline oxalates The experimental data regarding the influence of
represent is efficient, especially at high level f otémperature over the recovery degree, at optimum pH
concentrations of these ions. This paper repreaent OPtimum reagent excess at 20°C, respectively &C.7are
extension of our studies on applying the preciitags Shown in Table 2.
crystalline oxalates on the removal of other dimalens _
(P?* and Cd") from wastewaters with high #content. TABLE 2. Values of recovery degree at different temperatures

The recovery efficiency of each cation was

calculated using the relation: T a%(P") a%(Cd")
20 98,9 61,0
75 99,2 79,5
a.% = Ci,Me2+ _Cf,Me2+ 100
0= (1) From the data shows in Table 2 results that wiole f

PE** the influence of temperature on the recovery degne
form of lead oxalate is insignificant, in case oft*C
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precipitation the degree of recovery significantly From the evolution of the curve presented in Figyri¢

increases from 60% to 79.5%. Thus, we have esteulis results that the lead recovery degre® slightly increases
for the precipitation of PB and Cd" as oxalates with the excess of precipitation reagent. For @jeea excess
different optimum temperatures: room temperaturé arof 100%, the lead recovery degree increases ornly @y26%

75°C, respectively. and the final value was 99,2%. The value of 0,268y e
considered not significant for the process. A reagecess of
3.3. Influence of the excess of oxalic acid oxalic acid higher than 22% is not necessary. beaaf Cd*

precipitation, the excess of the precipitation Brag
The experimental data obtained for the chemicalignificantly increases the recovery degree. Thgimam of
precipitation of a 1g PHL solution at pH = 4.5, for the the recovery degree is 78.5% for a very large exo€840%.
optimum temperature (room temperature fo'Pénd In this case, the removal of Cd ions as oxalate tnies
75°C for Cd"), for a reaction time of 10 min, underassociated to another step of Cd removal. In cas’d the
mechanically stirring 300 rot/min,  with different optimum reagent excess for lead is between 10-2205M/1
excesses of oxalic acid (compared to the stoeadtiten oxalic acid solution, with a recovery degree ati8j2%.
necessity) are shown in Fig. 1.
3.4. Thermal analysis and FT-IR study of the

100 7w precipitated Cd(ll) and Pb(ll) oxalates

a0
&0 The crystalline precipitates obtained for’Pand Cd*
"3 70 ;,x/’/}\’ have been studied by thermal analysis and FT-IR
ﬁ, &0 spectrometry. Fig.2 presents the derivatogramaimdd for
T £ f—"f the dried precipitates of lead oxalates (a) andmiach
- 40 J oxalate (b).
3 From the shape of TG and DTA thermal curves itltesu
Egg that the two precipitated oxalates have differemérimal

behaviour. Thus lead oxalate decomposes in a sbigfe at
13 ~350°C, with an exothermic effect. There is no mass lgss

to 300C due to the lack of crystallization water, so the
U 100 £ QUUf Sy 500 precipitated lead oxalate is anhydrous. The thermal
Xcess of precipitant.’ decomposition of lead oxalate in a single step saface

Figure 1. Dependence of the recovery degree of)Mifis on oxalic accordmg to the equation (2):

acid excessa( PI¥* ; ACd) PbGO,= PbO+CQ +CO 2)
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Figure 2. Derivatogram of the dried precipitatdeafd oxalate (a) and cadmium oxalate (b)
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The experimental mass loss of 25% is much closed
the theoretical one (24.4%). .
In case of cadmium oxalate, the therme
decomposition takes place in two steps: an endawtiber 150
step in the range 70 — 1@Wwith a mass loss of 21% and
an exothermic step, in the range 280- 850with a mass
loss of 27%. The first step represents the losshef  q1qp
crystallization water, while the second step cqoesls to
the decomposition of anhydrous cadmium oxalate
cadmium oxide, as represented in the equationan@)4):

190

[

50
CdC,0,xH,0 - CdC,0, +xH,0 3
CdC,0, - CdO+CO, +CO 4) 0 . | : I i | :
4000 3000 2000 1000 400
The loss of 21% water correspond to a number Wavenumber{em-1]
three moles of crystallization water, thus the folarof the
precipitated cadmium oxalate is Cai;.3H,0. Figure 3. The FT-IR spectrum of lead oxalate

The content of Pb and Cd in the obtained oxalates w
confirmed by atomic absorption spectrometry, whie )
content of oxalate ions was determined by 3.5. Technological flux of Pb(ll) and Cd(ll)
permanganometric titrations. The results of chemic&&moval from wastewater
analysis were much closed to the theoretical ones. o

The isolated compounds were also characterised by [N order to eliminate and recovery the lead and
FT-IR spectrometry. The obtained FT-IR spectra areéddmium ions from waste waters, in form of crystall
typical for M(Il) oxalates. Thus, in the range 15600 an Oxalates, two steps are necessary: the precipitafidead
intense band appear in both spectra, assignecet@@0 and cadmium ions as oxalates (equations (5) afdusing
asymmetric stretching vibrations, while the bandnfr an excess of oxalic acid and the removal of oxalaiens
~1300 crit correspond to the OCO symmetric stretchiné‘nq the residual M(Il) ions py precipitation witB% milk
vibrationsv{OCO) [22]. The weak bands or shoulders thef lime, when the composition of the wastewateranees
appear around 1050 chare assigned in literature to the C-cceptable for discharging in the environment 5}, The
C stretching vibrations [23]. The sharp band thmemrs at 'éactions corresponding to the precipitation of "Pand
772 cmtis attributed to the OCO group bending vibration§®" ions together with the £, with Ca (OH) are
§(OCO). Figure 3 presents the FT-IR spectrum obtafoe  described by the equation (7), (8) and (9).
lead oxalate.
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Figure 4. Technological flux proposed for the real®f the studied M(ll) ions from wastewater
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Pb* +C,0,” - PbGC,0, ! ®)
Cd* +CZO42_ +3H,0 - CdC,0,*3H,0 | (6)
Pb’* + Ca(OH), — Pb(OH), | +Ca** (7)
Cd** +Ca(OH), — Cd(OH), | +Ca* @)
C,0% +Ca(OH), +2H,0 - CaC,0,* 2H,0 | +2HO"
C)
A possible technological flux for the removal okth

studied M(Il) ions from wastewater with their reeoy as
crystalline oxalates is presented in fig. 4.

4. Conclusion

The precipitation of Pb and Cd" solutions as
crystalline oxalates represent an easy way to excthe
metal ions from waste waters. The recovery of metaks
crystalline oxalates, from waste waters has thivohg
advantages: the speed of cleaning, filtering, wagkhich
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