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Features of sorption of lead (II) and cadmium (II) on carbon sorbent of wood nature

The carbon material of the wood nature modified with phosphoric acid with the subsequent carbonization at a
temperature of 600 °C was used as a sorbent. Protodyakonov's equations describing influence of all factors
the generalized equations (pH, duration of contact of a sorbent with solution, initial concentration of metéls?
ions, temperature) on the sorption capacity of sorbent were obtained as a result of studying cadmium @Iy and
lead (IT) ions’ sorption. The analysis of these results allows concluding that sorption of lead (II) andé€admium
(II) ions on sorbents occur rather actively. Also the calculation of basic thermodynamic and kinetic{parame-
ters of the sorption process was carried out.
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Nowadays special attention focuses to the introduction of waste-free, technology, especially sewage
treatment. Protection of water resources from depletion and pollution and their ratiofial using for the needs of
the national economics, is one of the most important problems requiringyurgent solutions. The probability of
entering into the wastewater is high at using of lead in various industries (metallurgy, metal working, electri-
cal, petrochemical, etc.). Consequently, the water pools are contaminated withythe ions of lead, cadmium and
other toxic metals exceeding the maximum permissible concentfations, (MPC). It is known that limiting indi-
cator of health hazard of lead is sanitary and toxicological. It suffices toynote that lead and its derivatives are
classified by International Agency for Research on Cancer (IARC)as 2B Group substance (potential human
carcinogens) [1].

For ensuring environmental safety, i.e. to reduce and preventthe water basins’ pollution the wastewater
should be cleaned. The solution of this problem canfbe cleaning up using different sorbents [2]. Analysis of
the literature on library databases http://elibrary.ru, http://seopus.com_showed that nowadays the use of water
treatment with natural sorbents based on woodsmaterialsis especially relevant.

The purposes of this research are investigation of sorption of lead (II) and cadmium (II) ions on carbon
wood sorbent, and establishment of optinum“€eaditions in a mode of static adsorption on the solid-liquid
interface.

Experimental part

The carbon sorbent of theswoodorigin (dry cones of a pine ordinary (lat. Pinussylvéstris)) was used as a
sorbent [3—5]. The sorbent Wwas aétivated with 10 M solution of orthophosphoric acid with the subsequent
carbonization at a tempefature of 600 °C; duration of processing is 1 hour, then the sorbent was washed out
with distilled water and dried at 102—105 °C up to the constant weight.

The sorptiongn,relationito metal ions was carried out under static conditions according to the 4-factorial
3-level matrix [§], on'the basis of the experiment the method of planning experiment was taken [6].

Initial concentration of model solutions of lead (II) and cadmium (IT) were 25, 50, 100 mg/l; pH was varied
in the range of4*-8, témperature interval varied from 298 K to 318 K, sorption duration were 30, 45, 60 min.

Discussion of results

As a result of investigation of sorption of cadmium (II) and lead (II) ions generalized Protodyakonov’
equations [6] were obtained. They describe the influence of all factors (pH, duration of contact of sorbent
with selution, initial concentration of metals’ ions, temperature) on the sorption value:

— for Pb*" ions:

(0.26pH?~3.03pH+ 63.64)-(0.96C,,, —0.67)-(~0.04T +69.95)(~0.057 + 58.00)

a= — ; (D
a

— for Cd*"ions:
(0.82InpH +53.73)-( 0.014C,,” —0.10C,,, +56.81)-(~0.0015T" —0.92T +194.57)-(0.96t—0.77)

init init

a= - @

—3
a
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These equations allow predicting the sorption capacity of a studied sorbent in relation to metals at a var-
iation of the above said factors.

As a result of calculations it was established that in case of lead (II) ions sorption minimum value of pu-
rification degree is 93.14 % under conditions of pH = 4, initial concentration of the sorbent 25 mg/l, contact
time is 60 min. and temperature 298 K; whereas the maximum of purification degree (99.11 %) from lead
(IT) ions is observed in sorption process under following conditions: pH =8, T=298 K, C;,;,;= 100 mg/l,
T =60 min.

The analysis of experimental data obtained on sorption of cadmium (II) ions on active coals on the basis
of modified coniferous wood have shown, that the maximum purification degree (90.86 %) is reached when
sorption cleaning carrying out at pH = 8§, initial concentration 100 mg/1, contact time 60 min and tempetature
298 K.

Sorption capacity of the sorbent in relation to lead (II) and cadmium (II) ions was studied in dependence
on pH in static conditions. Dependence of sorption capacity of lead (II) and cadmium (II)dions on soldtion
pH is given in figure.

a, mgg? a, mgg?
100,00 - 91,20 4
99,00 - ——208 20,80 - ——208
98,00 - 90,40 -
97,00 - 218 90,00 - ——308
96,00 - 89,604" 318
95,00 : . . 89,20 . : .
3 5 7 9 H
oH 3 5 7 9p
a b

Figure. Sorption capacity of sorbent in r¢lation teMead (II) («) and cadmium (II) (b) ions
in dependence on pH; initial concentration of metal is 100 mg/1

As seen from figure, the sorption curye of metal ionsipasses through a minimum, with decreasing acidi-
ty in the range of pH = 4+9, reaches a miinimunmat'a value of pH equal to 6 and, then, increases. The most
optimum pH of medium is 8. Lead is Sorbed in the form of PbOH" ion at pH > 8. Such ions have a smaller
charge and bigger radiuses, and smaller hydration degree. So they enter easily into electrostatic interactions
and an ionic exchange in compari§en withyPb>" ion.

In case of cadmium (I)*ions“the sorption capacity of sorbent increases with rising medium acidity.
A relatively small degree of'sorption in more acidic mediums (pH <5) is caused, presumably, by the fact that
sorbent in this mediumis¥in thegprotonated state; sorption proceeds as a result of coordinating interaction
with the P = O groups.

However, thése, groups‘also absorb protons, due to the formation of hydrogen bonds —P=0 ---- H+, it
leads to replacément of\lead ions. In this interval of acidity of water solutions the cadmium ions are in a form
of aqua complexes, ([Cd(H,0),]*"). Thus, results show that slightly alkaline medium (pH 8) is the most fa-
vorable for ogeusing the sorption process. Accordingly, all further investigations were carried out at the op-
tulumivalu€ of pH (pH = 8).

Isotherms of sorption were recalculated in isotherms of the Lengmyur’s equation in a rectilinear form,
andgsorption constants (K) at temperature of 298, 303 and 318 K were calculated. On the basis of sorption
constants the enthalpy change (AH), isobaric-isothermal potential (AG) and entropy changes (AS) were cal-

culated:
RTT, ln( K, )
Kk
AH=— "t/ Q)
T-T,
AG, =-RT InK,; &)
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AH - AG,
=

1

ASi = ()

Results of calculations are given in Table 1.

Table 1

The basic characteristics of sorption of lead (II) and cadmium (II) ions
on the sorbent obtained on the basis of coniferous wood

Determined Tempera- | Sorption of ions
characteristic ture, K Pb* Ccd**

298 1.083 | 1.191

Constants of sorption 308 1.091 1.192

318 1.101 | 1.194

298 0.19 0.43

—AG, kJ/mole 308 0.22 0.44
318 0.25 0.47
—AH, kJ/mole — 0.63 0.09
298 1.46 0.6
—AS, J-mole/K 308 1.33

318 1.19

The analysis of the results obtained allows concluding %sorption esses of lead (II) and cadmi-

um (II) ions on sorbents occur rather actively. The negative e enthalpy and isobaric-isothermal po-
tential indicate on spontaneous nature of sorption process. The r have shown, that the formation of
strong adsorptive complexes had occurred, thus capacity of serb in relation to heavy toxic metals is suf-
ficiently high, therefore, allows to extract large amount, o Istfrom water in wide range of tempera-
tures [7].

Further the calculation of distribution coefficie at which maximum sorption was made (Ta-
ble 2):

, Q)
where C,,, is amount of metal ions in t phase (mg/l); V,, is volume of water phase (ml), m_,, is mass
of sorbent (g), C,,, is amount of not'serbed metal ions after sorption.

Table 2
Change of Distribution/Coefficients D (initial concentration of metals ions is 100 mg-L™")
T,K Pb’’ cd™’
298 5584.82 496.85
308 2890.63 480.45
318 1925.53 494.36

tegt values of distribution coefficient (>500) are attained for Pb*" ions. The distribution coeffi-
ow that the sorbent can be used for concentration of lead (II) from solutions in static and dynamic

e time of establishment of sorption balance is necessary for the characteristic and the description of
equilibrium processes, and the value of entropy of activation is needed for the formation of activated com-
plex, for mechanisms of sorption of lead (II) and cadmium (II) ions on sorbent.

As a result of investigation the rate constants of sorption, S* and E, of lead (II) and cadmium (II)
ions on the modified sorbent at temperatures of 298, 308 and 318 K were calculated:

K=tm& (7)
T

i

where C, is initial concentration of metal, mg/l, C, is concentration of metal ions at time t; T — time, s.
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The values of sorption energy (E,.) were calculated according to Arrhenius's graphes in coordinates of
«In K — 1/T», modification of formation entropy of sorption complexes (S*) were calculated by Eyring equa-
tion:

#
In PZ, =10,36+1nT+A1§ : (8)

where PZ, is preexponential factor in Arrhenius equation; AS® is the modification of formation entropy of

sorption complexes; R — gas constant; 7 — temperature, K.
Results of calculations of constants of sorption kinetics, £, and S* of lead (IT) and cadmium (I) ions

using modified sorbent are given in Table 3.

Table 3
Thermodynamic characteristics of kinetics of sorption of lead (IT) and cadmium (II).ions
. . Sorption of ions

Determined characteristic Temperature, K o o
Rate constants K-107, s™ 298 0.66  BE
at temperatures, K 308 0.86 =33
’ 318 1.07 4.33

E,., kJ/mole in the range 0f 298 K to 318 K 18.65 8.20
298 74.24 95.20

—AS, I/mole-K 308 74.51 95.48
318 74.77 95.74

Practically all studied sorption curves have reasonably steep, initialyportion of isotherms of sorption ki-
netics. Apparently from the results of experiments, the sorption is‘sufficiently fast and ends in 30 min. This
allows concluding that all sorbate adsorbed on the sorbent

Conélusion

Thus, the results indicate on high efficiency of, using the sorbent formed on the basis of coniferous
wood with the subsequent modification for sewageitreatment from heavy toxic metals, such as lead and cad-
mium, with purification degree to 99 %.
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[II.K.Omepxanosa, P.K.)Kacnan, A.C.Yomu

Aram Heri3inaeri kemiprekTi copoenTreri KopracbiH (II)
MeH kaaMuii (II)-re KaTbICThI COPOIUSHBIH epeKIIeTIKTepi

CopbOent periage oprodochop KelKpUTbIMEH Moaudunupienrer, 600°C Ttemmeparypaga Ke3eKTi
KapOOHM3aIMsFa YINBIPaFraH arall Heri3iHieri KeMmiprekti copOeHT Kommaweuinsl. Kopracem (II) men
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kaamuii (1) HoHgapbIHA KATBICTBI COPOLMSIHEL 3ePTTEY HOTHKECIHE COPOSHTTIH COPOLMSIIBIK ChIHBIMIBLIbI-
FhIHa acep eTeTiH Oapunblk (axropnapasl (pH, copOeHTTIH epiTiHAiMeH OallaHbIC Y3aKTHIFBI, METall
HOHJApPBIHBIH 0acTanKbl KOHICHTPALMSAIAPbI, TeMIepaTypa) KAMTUTHIH [IpOTObSIKOHOBTBIH JKaJIIbl TEHJCYI
QIBIHIBL. 3epTTey HOTIDKENIepl KapacTBIPBUIBINT OTHIPFaH COPOCHTTIH KOPFAaCHIH MEH KaJMUH HOHJaphIHA
KaTBICTB copOmuscel Oencenmi ekeHiH kepcerri. CoHBIMEH KaTap copOIMs MPOIECiHiH Herisri
TEPMOANHAMUKAIIBIK JKOHE KHHETUKAJIBIK KOPCETKIMITEPiHIH ecenTey HOTIKeNIepi Oepini.

III.K.AmepxanoBa, P.K.)Kacnan, A.C.Yamu

Ocooennoctu copounu ceunua (I) m kagmus (I)
HA YIJIePOAHOM cOpOeHTe IPeBeCHOM MPUPOIbI

B kagecTBe copOeHTa ObLT UCIOIB30BaH YIJIEPOAHBIH COPOCHT APEeBECHON MPUPOABL, KOTOPbIA ObLE Moaudu-
mupoBaH oprodocdopHOit KHMcnOTOI ¢ mocienyromeidl kapOoHmzammed mnpu Temmeparype 600 °C.
B pesynbrare n3zydenus copouuu noHoB kaamust (1) u ceunna (II) 6su1i moydeHsr 0600IIEHHBIE YpaBHEHNS
IIporonpskoHoBa, onmucHBarONe BIHsSHUE BeeX (akTopoB (pH, MporomKUTeIbHOCTh KOHTAKTd COPOEHTA &
pacTBOpOM, MCXOJHAsSI KOHI[EHTPALUs HOHOB METAJIOB, TEMIIepaTypa) Ha COPOIHMOHHYIO0 eMKOCTE copOeHTa.
AHanm3 MOJy4eHHBIX Pe3yIbTaTOB IO3BOJIWII CAETIATh BBIBOJ] O TOM, YTO COPOIHS HOHOB CBHHIIA WhKaIMWs HA
paccMaTpUBaeMbIX COpPOCHTaX MAET JOCTaTOYHO AaKTMBHO. Takke ObUI NpOBeneH pac¥eT OCHOBHBIX
TEPMOANHAMUYECKHX ¥ KHHETHYECKHX I1apaMeTpPOB Mpolecca COpOLHH.
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