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Abstract : Adsorption ability of 95% glauconitecon-
centrate of Bondar deposit (Russia) has been studied
with respect to Ca?*ionsfrom the chloridemedia. In-
fluenceof theinitia concentration of Ca2*, additivesof
sodium sulfateand potassium nitrate and their concen-
tration, sorption duration, adsorbent amount on the
equilibrium timeand efficiency of adsorption hasbeen
studied. Ca?* specific adsorption decreases with in-
creasingionic strength of the solution because of extra-
neous saltsinsertion. Theisotherm model which best
represented the dataobtai ned wasthe Langmuir mode!.

INTRODUCTION

Adsorption processes have been widely applied
for theremova of contaminantsfromwater and waste-
waters. Natural sorbents can be considered highly
promising materialsat least for two technical applica
tions, e.g. for drinking water purification and sorption
sewagetreatment, and asbioindicators of lithosphere,
hydrosphere and atmosphere contamination. In first
case, clay mineralsare more perspective. Their im-

Langmuir parametersfor Ca2* adsorption on the glau-
conite concentrate from the chloride solutionsin the
absence and presence of theextraneoussaltswereca-
culated.

Characterization of the glauconite concentrate was
achieved by X -ray diffraction, FTIR spectroscopy and
thermogravimetry.

© Global Scientificlnc.

K eywor ds: Glauconite; Calcium cation; Adsorp-
tion; lonic strength.

portant characteristics are widespread, |low cost of
mining and application and high environmental pu-
rity!>, Their shortcomingisrelatively low maximum
adsorption capacity (mmoleg?). So, cationic exchange
capacity for anumber of montmorillonites, vermicu-
litesand caolinitesfluctuates between 0.01 and 0.80%.
Additionally, the clay mineralsin different deposits
substantially differ in chemica composition, physico-
chemical propertiesand thereforein sorption capac-
ity. These shortcomings are easily compensated with
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nomina vaueof natural sorbentsand smplicity of re-
generation. Modification of such sorbents makesit
possibleto multifold increase of capacity. So, chitosan
modified calcium silicate hydrate exhibits highly effi-
cient adsorption behavior toward heavy metd ionsof
Niz*, Zn**, Cr3, Pb*, Cu?, Cd?*. Their maximum
adsorption amounts are equal to 406, 400, 796, 425
and 578 mg/g, respectivel y.

The specific surface areaof thismodified sorbents
isequal to 356 m?gt. Modification, of course, height-
ensacost of theminera. Such effectsarecharacteristic
for aluminum modified hematite, zeolitic tuff and cal-
cite®™ applicablefor theremoval of fluorideionsfrom
water. M odification of montmorillonitewith ester-con-
taining Gemini surfactant substantialy increases sorp-
tion of triclosan'®,

Specid interest is connected with adsorption of
cationsof heavy metalsat their joint presence. Inl” the
adsorption of Cd (11), Cu(Il), Pb (1) and Zn(ll) onto
kaolinitewasstudied in single- and multi-element sys-
tems. Adsorptionisothermsat pH=6.0inthemulti-ele-
ment systems showed that thereiscompetition among
variousmetalsfor adsorption siteson kaoliniteat their
equa concentrations. In®9 kineticsof Cu(ll) and Zn(I1)
sorption onto kaolinite/ montmorillonite, kaolinite/go-
ethiteand montmorillonite/ goethite mixed sorbentswas
studied from aqueous sol utions asfunction of solution
composition and aging. Minera mixing reduced theex-
change of protonsfor sorbing ionsand the acidity of
thereactivesites, thusimpeding Cuand Znremova by
proton exchange. In addition, thetransfer rate of Cu
relaivetothesinglemineral suspensionsisreduced®.
But enhanced Cu sorption on themontmorillonitel go-
ethite as age increased is attributed to increased hy-
droxylation of theminera surfaceresultinginthefor-
mation of new reactivesites¥. Ini*% importance of as-
sessment of thermodynamic parametersfor adsorption
equilibrium of heavy metd sand dyesisnoted. In*Y the
ability of untreated bentonite to remove Cd(ll) and
Zn(I1) from aqueous and acid solutionsat different pH
values has been studied for different metal concentra-
tionsby varying theamount of adsorbent, temperature,
stirring speed, and contact time. The highest adsorp-
tion for Zn and Cd was 99.85 and 96.84%, respec-
tively. Ultrasonic desorptionfor these metd swas 66.57
and 51.37%, respectively. Resultsof study of exchange
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of theclinoptilolitetuff cationswith hydrogenionsfrom
HCI solution of concentration 0.1 mmol/cm?®and am-
monium ionssolutions of concentration 0.0071t0 2.6
mmol/cm? are presented in*2. The obtained results
show that at ammonium ion concentration lower than
0.1 mmol/cm3 the exchange capacity decreasesinthe
row: Na™> Mg?>Ca*> K*. At ammonium concentra-
tion from 0.2 to 1 mmol/cm?3the order is Na>
Ca*>Mg?*>K*. At concentration higher than 1 mmol/
cm?® the order is Na"™> Ca?*>K*> Mg?. During
decationization of theclinoptilolitein acid solution, best
exchanged areNa', Mg@?* and Ca* ions, whileexchange
of K* ionsisthe poorest.

Among various bioindicators, mossesarewidely
used because their capacity to reflect the chemical
composition of the surrounding atmosphereisdueto
thefact of absenceof root™. Their sorption efficiency
isconsidered bothinthe earliest studied** andin
theinvestigations of resent yeard??4 including stud-
iesof heavy metal adsorptioni?24, Biosorbentsare
too applicablefor sewagetreatment. So, thericebran
has been successfully utilized for theremova of Cr(VI)
fromwastewater'?!. The maximum remova wasfound
tobe99.4% at pH=2 and initial Cr(V1) concentration
of 200 mg/L.

Theaim of present work isstudy of cations Ca?*
sorption on glauconite concentrate of Bondar deposit
(Russia) from the chloride solution and in the pres-
ence of sodium sulfate and potassium nitrate. Sum
mass of thedepositisequa to 400 milliont, therefore
itisattractiveraw materialsbase. In addition, thissor-
bent iseffectivein adsorption of anilineand phenol 29,
Sorption of phenol on glauconite hasbeen sudied most
indetail?-2, Efficiency of phenol sorption fromthe
agueous sol utions on 95 % glauconite concentrate
obtained after initial mineral concentration hasbeen
studied. Effect of fractional composition, contact time,
previous heat treatment of adsorbent was studied”.
Thrice—repeated sorption from stirring irremovable
solutions with new portion of sorbent allowsto re-
move 99 % C_H_OH. Effect of linear speed of solu-
tion stream, pH value, sorbent layer thicknesshasbeen
studied. The highest adsorption was 99.98% at the
optimal conditiong?®2, Desorption of adsorbed phe-
nol was made by ethyl- and butyl acetate®!. Effect of
temperature (20 — 400°C) on crystal lattice param-
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etersof glauconite was studied®. Patent for adsorp-
tion of iron cations from drinking and sewage water
on glauconite was taken out®3. In®*4 adsorption of
Ca?t, Mg, Fe*, Mn?", Zn? ionsfrom aqueous sol u-
tionson glauconite of Karinsky deposit was studied.
Theisotherm model which best represented the data
obtained was Langmuir one. Corresponding val ues of
maximum adsorption (g, mmole/g) are equal to:
0.129+0.009 (Ca?); 0.107+0.009 (Mg?*);
0.163+0.012 (Fe®); 0.121+0.010 (Mn?");
0.159+0.016 (Zn?*); (pH=6). Obtained data int4
and®*! conform to each other.

EXPERIMENTAL

Characterization of glauconite

95% glauconite concentratewas used with chemi-
cal composition, wt.%: K,09.5; Na,0—-4.1;AL,O,—
14.8; Fe,0, - 11.5; FeO — 5.3; SiO, - 48.1; H,0 -
6.7.

The characterization of glauconitewas achieved by
X-ray diffraction (instrument Dron-3, CuK_-radiation
with wavel ength equal to 0.154 nm, Ni filter). X-ray
reflection values corresponding to theinterfacia dis-
tance, nm, and their rdativeintensities (%, in brackets)
are0.995 (22); 0.498 (200); 0.331(100); 0.319(32);
0.246 (32); 0.224 (8); 0.199 (40); 0.194 (3).

FTIR spectrum of glauconite (spectrometer Infralum
FT-801) isshowninFigure 1.
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A band of absorption observed between 3930-
3690 cmrt isassigned to OH-gtretching vibration modes
inwater moleculesand Si-OH groups. Such OH groups
areasaruleconnected with Mg? and AI** cationstoo™.
Partly they are caused with a presence of molecular H-
bonds between water molecules. The bands corre-
sponding to 600 and 685 cn? can be assigned to de-
formation vibrationsof OH-groups. Poor bandsat 1000
and 1100 cntisassigned to vaencevibrationsof S-O
bonds. The bands at 1570 and 1380 cm* are charac-
terigticfor theglauconiteand are not observed for other
lamellar materiasY.

Thermogravimetry (TG) of glauconite (Figure2) was
made under air - argon (3:1) atmosphere using
thermogravimetric analyzer STA 449F3 Jupiter
(Netzsch, Germany). Glauconite, independently from
temperature of its previous hesat treatment, ischarac-
terized with apresence of endothermic effect at 100°C
caused by vapori zation of water. Intensity of endother-
mic effect decreaseswithincreasing temperature of pre-
vious heat treatment. Thisiscaused by an increase of
water vaporization. However, main bulk of water isre-
moved at temperature of endothermic effect. Water
removal continueswith following growth of tempera-
ture, but itscontributionissmall. So, till temperature of
150°C glauconiteloses 4% H, 0O, but following growth
of temperature up to 500° C causes additional 0ss of
2%H,0. Thus, glauconiteloseswater in all tempera-
turerange 25-600° C, but most effectively near 100°C.
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Figurel: Infrared spectrum of glauconiteconcentratewithout preliminary preparation.
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Figure2: TG profilesfor glauconite concentrate. Dependence of massloss(1-4) and heat efficiency values(5-8) on temper a-
ture. Preliminary thermal treatment (20 min), °C: 1and 5— absent, 2 and 6 —200, 3 and 7 — 250, 4 and 8 -300.

Chemicals

In the adsorption experiments, analytical-grade
CaCl,, Na,SO,, KNO,, NaCl and twicedistilled wa-
ter were used.

Addition of Na,SO, and KNO, was used for an
estimation of theextraneous satsinfluenceon Ca?* ad-
sorption. Theused concentration of sulfateionsin par-
ald experimentswasequa to 16.5and 1.65 mmole/L
and did not admit deposition of CaSO, in accordance
withitsvalueof Lp equd t06.10-105 and 9.01-10
537, Jonic strength of used solutions () was in the range
of 0.00425 - 0.06454 and activity coefficient f, equal
t0 0.624 — 0.870 in accordance with second Debye
approach
logf, =-0.506Z,Z ¥ w/(1+V p),1%
nevertheless could not promote CaSO, salting out.
Concentration of nitrateionswas5.0and 0.5 mmole/L
intheexperiments.

Beforethe experiments, 95 % glauconite concen-
trate waswash off from Ca?* and Mg?* ionswith 3M
NaCl solution.

Adsor ption studies

The adsorption experiment were performed in
polypropyleneflaskscontinuoudy agitated withaTeflon
coated magnet stirrer at 20+2°C. Theinitial Ca?* con-
centration was 2.5mmole/L and diluted twofold, four-
fold, sixfold and eightfold at the constant concentration
of Cl--ionsthat was achieved by insertion of calculated
quantity of NaCl.

For the adsorption kinetic experiment, 100 mL of
solutionand 1, 2, 3or 5 g of the adsorbent were added
ineach flask. After agitation for 5— 60 min the adsor-
bent was removed by paper filtration and the respec-
tive solutionswere anayzed by titration with EDTA
solution in the presence of eriochrome black T at
pH=10.

The adsorption capacity, expressed astheamount
of Ca* adsorbed per gram of adsorbent (mg g*) was
calculated asfollows
q,=V(C,-C)/m,
whereq, C,, C_aretheamount of Ca#* adsorbed (mg
g?) at contact timer, the initial concentration of Ca?*,
and itsconcentration (mg L) at contact timet in the
solutionrespectively. V isthevolume(L) of thesolution
intheflask and m (g) isthe dosage of adsorbent.

Efficiency of adsorption (p, %) was calculated as
ratio of the Ca?* amount adsorbed for certain time of
contact anditsinitial anount inthesolution.

The solution pH wasequal to 5.8-5.9 because of
contact with CO, of air.

RESULTSAND DISCUSSION

Adsor ption from chloridesolutionswithout other
anions

The adsorption Kinetics curves showed that the
equilibriumtimeissufficiently small (Figure 3). Effi-
ciency of adsorptionincreaseswith increasing adsor-
bent amount. So, insertion of 1 g adsorbent into the
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solution containing 2.5 mmol /L Ca?* permitsto ob-
tain p value equal to 26%. Growth of the adsorbent
amount up to 5 g resultsin p value equal to 74 %.
(Figure 3a). One can see that m/m, > p./p = 2.8
(where lower index corresponds to the adsorbent
amount). Twofold decreaseof initial Ca?* concentra-
tionleadstop,./ p, = 1.5at thesamevaueof m/m =5.
Thispicture can be explained with adhesion of adsor-

p, %o a
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bent particlesinducing adecrease of their effective
specific surface S, Growth of adsorbent amount in
the stirred solution induces an increase of quantity of
adsorbent particlesin unit of solutionvolumeand fre-
quency of their collisions. Thiscausestheir adhesion
and S, decrease. The same pictureisobserved and
at fourfold (Figure 3b) and at eightfold decrease of
Ca* concentrationintheinitia solution.
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Figure3: Dependence of efficiency of Ca?" adsor ption (p, %) from the chloride solutions containing 2.50 (a) and 0.625 (b)
mmol/L of Ca? on contact timeand theadsorbent amount, g: 1-1;2-2;3-3;4-5.

One can see rather small adsorption capacity of

glauconite concentrate characteristic for clay miner-
algL2344041]

Adsor ption from chloride solutionscontaining so-
diumsulfate

Insertion of 16.5 mM Na,SO, into the 2.5 mM
CaCl,, solutionincreasesionic strength and substantialy
decreasesactivity coefficient f, . Thisleadstoadecrease
of efficiency of Ca?* adsorption (p =22% in the pres-
enceof 5 gadsorbent) (Figure4, curves 1-4). Tenfold
decreaseof Na,SO, concentration andlowering of ionic
strength of thesolutions, that isequa t00.015and 0.016
in the absence and presence of Na,SO, respectively,
substantially increase of Ca?* adsorption (p = 63%)
(Figure4, curves5-8).

Such an effect is caused with fourfol d decrease of
theinitid Ca2* concentration (Figure5). Inthe presence
of 16.5mM Na,SO, p =50 % at m= 5 g. Tenfold de-
crease of Na,SO, concentrationincreasesp value up
to 77%. However, in this case, effect of lowering of
Na,SO, concentrationislessthaninmoreconcentrated
CaCl,, solution (Figure4 and 5). At thesametime, the
equilibrium time does not practically depend on the

concentration of Ca** and Na,SO, (Figure4, 5). This
timeisnear 20 min.
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Figure4 : Dependenceof efficiency of Ca?* adsor ption (p, %)
from2.5mM CaCl, solutionscontaining 16.50 (1-4) and 1.65
mM (5-8) Na,SO, on contact timeand the adsor bent amount,
g:land5-1;2and 6-2;3and 7-3;4 and 8 - 5.

Adsor ption from chloridesolutionscontaining po-
tassumnitrate

Insertion of 5.0mM KNO, intothe2.5mM CaCl,
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solution decreasesthe equilibrium va ue of p substan-
tidly lessthan maximum studied Na,SO, concentration
(Figure3and6). Thispictureispracticaly observedin
the presence of dl glauconiteamountsfrom 1to 5mg.
Simultaneously agrowth of ionic strength of the solu-
tion p because of insertion of 5.0 mM KNO, isappre-
ciably less (Au=0.005) than in the presence of 16.5
mM Na,SO, (Ap=0.495).
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Figure5: Dependence of efficiency of Ca* adsor ption (p, %)
from 0.625 mM CaCl, solutionscontaining 16.50 (1-4) and
1.65mM (5-8) Na,SO, on contact time and the adsor bent
amount,g: 1land5-1;2and 6—-2;3 and 7—3;4 and 8 - 5.
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Figure6: Dependenceof efficiency of Ca?" adsor ption (p, %)
from 2.5mM CaCl, solutionscontaining 5.0 mM (1-4) and
0.5mM (5-8) KNO,on contact timeand theadsor bent amount,
g:land5-1;2and 6-2;3 and 7-3;4 and 8 - 5.
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However, sorption ability dependsnot only onthe
solution ionic strength, but on the anion naturetoo. The
results of Ca?* sorption from the solutions containing
0.625 mM CaCl, at the constant KNO, content testify
about this (Figure 7). So, tenfold decrease of KNO,
concentration, when achange of ionic strength isnot
large (6%), p value increases morethan twice (from 16
to40%, Figure7, curves 1 and 5).
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Figure7: Dependence of efficiency of Ca* adsor ption (p, %)
from 0.625 mM CaCl, solutionscontaining 5.0 (1-4) and 0.5
mM (5-8) KNO,on contact timeand theadsor bent amount, g:
land5-1;2and6—-2;3and7-3;4 and 8-5.

Adsorption isotherm

View of adsorptionisothermsasafunction of Ca?*
concentrationin solution and anature of inserted salts
intheCaCl, solutionisshownin Figure 8. Decrease of
indifferent salts content increases specific adsorption
(Figure8, curves1 and 2, 3 and 4). At that, effect of
KNGO, isless, than influence of Na,SO,, this can be
connected, in first approach, with corresponding de-
creaseof ionic strength value.

Toidentify themodel sthat best fit theexperimental
datathe Freundlich, Langmuir and Temkin isotherms
were considered.

Freundlich adsor ptionisotherm
TheFreundlichisothermmode isgiven by

q. =k, C” (D),

where O, isspecific adsorption at equilibrium, C—is

the solute concentration at equilibrium, k_and 1/nare

Freundlich adsorption isotherm constants. The
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Freundlichisotherm modd takesmultilayer and hetero-
geneous adsorption into account! 243,

mmole/g

q

[Ca”]eq , mmole Lt

Figure 8: Adsor ption isothermsof Ca? on glauconitefrom
CaCl, solutionscontaining additivesof Na,SO, (16.50 mM —
1, 1.65mM —2) and KNO, (5.0mM —3; 0.5 mM —4).

Linearization of expresson (1) gives

log qeq=long+%logC 2
Temkin isotherm

TheTemkinmodd conddersadsorptionat uniformly
heterogeneous surface, when adsorbate - adsorbate
interactionsinduceadecrease of adsorption energy with
increasing coverage 4, Thismode isgivenby

o} =%Iog €9 Q?),

wheref isTemkin constant, aisthe constant of adsorp-
tion equilibrium, C—is the solute concentration at equi-
librium. The dependenceof (3) islinearin Ol logC
coordinates.

Langmuir isotherm

TheLangmuir isothermisbased on assumption that
adsorption takes place at specific homogeneous sites
and thereis no interaction among adsorbed species.
TheLangmuir isothermisgiven by

— qumaxC
T 1+k,C @,

whereq,_ isthemonolayer capacity of the adsorbent,
k_istheconstant of adsorption equilibrium. Lineariza-

Qe

tion of expression (4) gives
c__t ¢
qeq qmaka qmax (5)

One can seethat the dependenceof (5) islinear in
Clg b C coordinates. Thus, using corresponding coor-
dinates bringing the isotherms to linear appearance
accordingto (2), (3) and (5), one can seewhichiso-
therm best represents the data about Ca?*adsorption
on glauconite. It wasfound that the dependenceinlog
Oy log C coordinates is not linear. Therefore, the
Freundlichisotherm wasexcluded of further consider-
ation.

Dependence in coordinates of Oy log C corre-
sponding to Temkinisothermislinear at thesmall con-
centrations of theindifferent salts (1.65mM Na,SO,
and 0.5mM KNQO,) (Figure9). However, linearity is
lost at tenfold increasing concentration of thesalts.

9,103
4 -

mole/g

log [Ca™ ], (ICa™], mole L)

Figure9: Adsor ption isothermsof Ca?* on glauconitein co-
ordinatesof Temkin isotherm (Eq. 3) from CaCl, solutions
containing additivesof Na,SO, (16.50mM —1; 1.65 mM —2)
and KNO, (5.0mM —3; 0.5 mM —4).

Dependencein coordinates of C/qeq, C correspond-
ingto Langmuirisothermislinear bothintheabsenceof
theindifferent salts(Figure 10) andintheir presenceat
all the studied concentrations (Figure 11).

Thus, Ca?* sorption issatisfactorily represented by
the Langmuir and Temkinisothermsinanumber of cases.
Such avariahility isfrequently observed*d. Webdieve
that the best model represented theisotherm curvesis
the Langmuir isotherm becauseit correspondsto the
largest amount of observed facts. In addition, adsorp-
tion of C&*, Mg?, and also Cu?, Zn?", Cd?** on the
nature mineral §344041 and bi osorbents*® isdescribed
by the Langmuir isotherm. Langmuir parametersfor
Ca* adsorption ontheglauconitearegivenin TABLE
1. Inaddition, rate constant of adsorptionk_and value
of Gibbsenergy of theprocess(AG, ) aregiven. Gibbs
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energy was cd culated according to formula
AG_, =-23RTlogk,,
andk_valuewasestimated from the dependence

dq
T _k -
dT a(qmax ql’)

-1
[Ca™ Jeq/qeq > 8L

241

16 -

[C32+]eq , mmole L!

Figure10: Linearization of Langmuir isotherm (Eq. 5) of
Ca* adsor ption on glauconitefrom CacCl, solutions.

where g_isthe amounts of Ca*, adsorbed at timert,
dg/dr is calculated from the dependence of q=f ().

2 -1
[Ca”'], /q,, gl

200 1
1
150 1
100 ~ 3
4
50 1.~-%
// 2
0 F—— . .
0 1 2 3

[Caer]eq , mmole L'

Figure 11 : Adsorption isotherms of Ca? on glauconitein
coor dinatesof Langmuir isotherm (Eg. 5) from CaCl, solu-
tionscontaining additivesof Na,SO, (16.50 MM —1; 1.65 mM
—2)and KNO, (5.0mM —3; 0.5 mM —4).

TABLE 1: Langmuir parametersfor adsor ption of Ca? on Bondar deposit glauconite

Solution k., L/mol Omax,» MMol/g - AGgs, kKJ/mol Ky min™
CaCl, 3120 0.120 195 0.165
CaCl, + 16.5 mM NaSO, 3800 0.016 20.0 0.070
CaCl, + 1.65 mM Na,SO, 1280 0.050 174 0.026
CaCl, + 5.0 mM KNOg 1110 0.018 17.1 0.087
CaCl, + 0.5 mM KNO; 1930 0.040 184 0.058
TABLE2: g of anumber of cationson clay minerals
Cation Mineral Omax,» MMol/g Reference
ca® Karinsky deposit glauconite 0.09-0.13 [34]
Mg®* Karinsky deposit glauconite 0.05-0.11 [34]
Sr# Montmorillonite 0.02-0.04 [40]
Fe* Karinsky deposit glauconite 0.16 [34]
Mn?* Karinsky deposit glauconite 0.12 [34]
zZn* Karinsky deposit glauconite 0.02-0.16 [34]
Fe? Karinsky deposit glauconite 0.06 [34]

Dataof q_ for adsorption of Ca?* and anumber of
other cationson clay minerdsareshownin TABLE 2.

Onecan comparedataof TABLE 2withthoseob-
tainedinthiswork (TABLE1).

CONCLUSION
Clay minera sshow rather [ow maximum specific

adsorption. Itsvalueweakly depends on cation nature
and evenitschargeandisintherangeof 0.03—0.16

mmol/g. However, sufficiently smal adsorption capac-
ity of glauconiteiscompensated with rich deposits of
thisminera, smplicity and highmanufacturability of its
preliminary preparation.

Sorption of Ca2* and M@?* on glauconite, its con-
centrates and fractionsdoes not requireof their regen-
eration. Thissmplifiesrecycling of the sorbent.

Most probableisotherm of adsorption of Ca2* and
Mg? cationsand toxicionsof Cu?*, Zn?*,Cd?*, Pb**
onglauconiteisLangmuir isotherm. Thevauesof maxi-
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mum specific adsorption of thesecationsarerather Smi-
lar. Langmuir parameters for adsorption of Ca?* on
Bondar deposit glauconitewerecal cul ated.

Ca* gpecific adsorption decreaseswith increasing
ionic strength of the sol ution because of insertion of ex-
traneous salts. However, sorption ability depends not
only on thesolution ionic strength, but ontheanion na-
turetoo.
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