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Gyrolite Adsorption of Zn?* lons in Acidic and Alkaline Solutions
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The influence of solution pH on gyrolite adsorpticapacity of ZA" ions has been examined. Adsorption experiments
were carried out in the thermostatic adsorber byirey 1 g of gyrolite in 100 ml of Zn(Ng), solution containing
0.3 g/drﬁ of Zr?* ions. Duration of adsorption at 26 temperature was 0.5, 1, 3, 5, 10, 25, 60, 120 thiwas found
that adsorption process in alkaline solution prdcister and more efficiently as in acidic becaafter 30 s 95 % of
Zn*" jons (28.50 mg Zi/g) intercalated in to gyrolite structure, wheréasacidic medium — 68 % of Zh ions
(20.43 mg ZA'/g). Substitution reaction was found typical forgite in the alkaline solution because 82 % zimasi
participated in ion exchange reaction and othet phthese ions were present in gyrolite accordimgan addition
interaction. Cation exchange mechanism proceedéat difacidic solution because all zinc ions pgsated only in ion
exchange reaction. The adsorption process in akkaldlution folowed by a pseudo-second order madelsuggest that
it is a process of chemosorption. Gyrolite recliged in to gyrolite gel and C-S-H(l) when reactimedium is acidic
meanwhile in alkaline medium intercalated zinc idosot affect the structural properties of gyeolit

Keywords gyrolite, calcium silicate hydrate, adsorption,etins, XRD.

1. INTRODUCTION synthesis products crystallite size, crystallinitsrystal
o ) shape, composition can be controlled and
Zinc is one of the most dangerous toxic heavy metalyganic/inorganic anions/cations, which have lofini
for human health. The main sources of this elenset tor these compounds group can be intercalated [17].
abandoned disposal sites, galvanizing, iron, $tekistries Mineral gyrolite is one of this C-S-H with mostéily
[1]. 1t belong_s to the sec_:ond clgss of toxicityatzicterizes chemical formula NaGaSi»Oss(OH)g 14H,0. It is a good
low mutagenic and carcinogenic properties [2]. adsorbent for wastewater purification from hazasdou
Many methods have been proposed for removal Ofigayy metals and as a new generation chemicallyfiedd
toxic heavy metals from wastewaters. Chemicafjjer for polymeric nanocomposites [2&1]. Gyrolite can
precipitation, filtration, complexing, solvent exttion,  54sorb more chemical elements than other C-S-Huseca
electrochemical technique, ion exchange and adsarpt i, interlayer sheets, with a thickness of abo2inan (one
are some of the commonly used proces$8sS].  f the largest in all the C-S-H group) are avasatdr the

However, many of these procedures vary in effeoe8 jyiercalation of a new guest by controlling the rgeaof
and cost. Among various methods, adsorption a noy,e host [22].

recognized as one of the most effective methodstHer In previous works [23, 24] it was determined that
removal of heavy metals from the environments [6, 7 gyrolite shows a very good cation exchange propert
There are many types of inorganic (activated alamin pacayse almost of all €u ions (99.5% removal
zeolites, some clays et al.), organic (activatecoaa, efficiency) were intercalated into structure of sthi
polymers, peat, et al.) and synthetic (calciumcate :ompound depending on the initial concentrationagfper
hydrate_s, silicas, zeo_htes et al.) adsorbentslfB. The 5ns in alkaline medium [23]. However, the expenitag
most important attributes of an adsorbent for anyjaia obtained of V. Kasperaviciute et al. [24] shdvihat
application are: capacity, selectivity, regenembil iy acidic medium gyrolite acts as chemosorbent igian
kinetics, compatibility and costs [12]. It shoulde b 5qsorh only 41.48 % of Glions. It should be noted that
underlined that natural organic and inorganic ausolS  ation exchange capacity of gyrolite substitutethvia
have a lower adsorption capacity, adsorption p®ce§ons increases to 92.30 mg Tlg and it is greater than
continuedonger, or it is hard to regenerate adsorbents ang)permorite substituted with (BWNa") ions (53.22 mg
repeatedly to use them. Many authors 418] have CW?lg) [25].
reported that calcium silicate hydrates (C-S-H)ppred It should be noted that adsorption kinetics was not
under hydrothermal treatment act as cation exchangeied for gyrolite adsorption process yet [18, 23].
with some metal cations (Ear Si") in their lattice  However, it is important to ascertain the influence
structure. These compounds created a new family Qfinetic parametersk(@andge, wherek — is the rate constant
inorganic cation exchangers. Use of synthetic dmSUE ¢ adsorptiong, — adsorption capacity at equilibrium) on
has more advantages: by changing synthesis comslitio 5q5orption reactions because kinetics gives idealitathe
(CaO/SiQ and water/solid ratios, isothermal curing mechanism of adsorption [26]. Adsorption kinetiog a
temperature and duration, stirring intensity, coglrate), mostly described byhe pseudo first and pseudo second
order empirical kinetic equations [27, 28Dne more
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utilization of contaminated adsorben@tdinary Portland applying boundary conditions=0 tot=t, andg, =0 to
cement (OPC) is the most adaptable binder currentlg; = ge, the integrated form becomes:
available for the immobilisation of heavy metals | K
previous worksA. Eisinas et al. [29, 30] examined that log(g. —0;) =1090, -1 . (2)
gyrolite substituted with Gd ions can be immobilise in 2303
OPC. It was determined that the additive of gyeolit The pseudo second order adsorption kinetic rate
increases both the heat evolution rate and the atmmiu  equation [32, 33] is expressed as:
heat hydration of OPC samples. After 28 h of hairtgn da, )
the mineral compositions of samples of pure OPC and—=Kk,(0e — ), (3)
OPC with additive of gyrolite are similar. dt

The aim of this work was to evaluate the influente wherek; is the rate constant of the pseudo second order
adsorptive pH value on gyrolite adsorption capacfy adsorption (g-mig-miri’). For the boundary conditions
Zn* jons. The kinetic parameterg, (qo) of adsorptions t=0 tot=t.andq, = 0 toq; = g, the integrated form of the

reaction are represented. equation becomes (the integrated rate law for Seugo
second-order reaction):
2. EXPERIMENTAL t 1 1
=——+—t. 4

In this study the following reagents for gyrolite ¢ koe2 Oe
synthesis were used as starting materials: finexgda
SiO,-nH,O (“Reaktiv’, Russia, ignition losses 21.28 %
specific surface are§, = 1307 m?/kg) and calcium oxide
(CaO was burned at 95Q for 0.5 h; S, = 1171 nikg;
purity 97.68 %).

The X-ray powder diffraction (XRD) data were
"collected with a DRON-6 X-ray diffractometer with
Bragg-Brentano geometry using CuKradiation and
graphite monochromator, operating with the voltaife

The synthesis of gyrolite has been carried out iri30 KV and emission current of 020 mA..The step-scan
unstirred suspensions in the vessels of staintesswithin ~ covered the angular range 267 (2) in steps of
48 hours at 20fC temperature from a stoichiometric 29:0_-02- ) )
composition (the molar ratio of CaO/Si@vas equal to Simultaneous thermal analysis (STA) was carried out
0.66 where water/solid ratio of the suspensioneqsl to ©n @ Netzsch STA409PC  Luxx instrument. DSC
10.0) of the initial CaO and Si®H,O mixture These parameters: heating rate was °(I:5m|n;_ the temperature
synthesis conditions were chosen according to pusty ranged from 30C up to 1000C, under air atmosphere.
published data [31].

Adsorption experiments were carried out at°@5 3. RESULTS AND DISCUSSION
temperature in the thermostatic adsorber Grant JUIBA
stirring 1 g of gyrolite in 100 ml of Zn(N{)} aqueous
solution (pH ~ 5.6) containing 0.3 g/drof Zr¢* ions for
0.5, 1, 3, 5, 10, 25, 60, 120 min. In order to rdinthe

The results of adsorption showed that in ZngNO
solution which has pH ~ 5.6 and the initial concatidn of
Zn* ions equal to 0.3 g/dinafter 30 s more than 68 %

24 . 24 . . .
alkaline of solution (pH ~9.0) and to prevent ZH(@ Zn“"ions (20.43 m@n“’/g) intercalate into gyrolite crystal

precipitation, the aqueous solutioo=10 %) of NHOH lattice (Fig. 1).
was used. The percentage of exchange was deterrmimed 30
the basis of the variations in the concentratiothefcations
in the solution and in gyrolite. The saturated adsot was
rinsed with distilled water, dried at 30 +5°C, and
dissolved in HCI (1:1). The concentration of’Cand ZRi*

20 f .

YX, mgl/g
S
o O

ions was determined using an atomic absorption o 1 2 3
spectrometer — Perkin-Elmer Analyst 4000 with patams: 0 : . . : .
wavelength of Zfi is 213.86 nm; wavelength of €ais 0 20 40 60 80 100 120
422.67; the hollow cathode lamp current (1) is 38; type 7, min

of flame is GH,-air; oxidant air 10 l/min; acetylene

2.5 l/min. The value of pH was taken by Hanna umsgnt a
(Hi 9321, microprocessor pH meter). 30
In order to determined kinetic parameters of
adsorption reactions, a kinetic models have beealdped 20 4 30
and fitted for the adsorption process of thé*Zons into > 15 1
gyrolite. The Largergren model [32, 33], assumefirst j 10 0
order adsorption kinetics and can be representethby < 0 ! 23
equation: 0 . : . : .
dg 0 20 40 60 80 100 120
dt 1(qe ) (1) T, min
b

whereq, andq, are adsorption capacity at equilibrium and
at timet, respectively (mg-g), ki is the rate constant of Fig. 1.Integral (a) and differential (b) kinetic curvesZ®* ions
pseudo first order adsorption (min After integration and adsorption by gyrolite in acidic solution
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After increase duration of the interaction, theczions
concentration in the solution decreases steadilghdould
be noted that gyrolite adsorption occurs within if,m
because amount of intercalated zinc ions into @grol
structure increase only to 22.82 #nf'/g and later does
not vary (Fig. 1, a).

It should be noted that when zinc ions intercalate
gyrolite structure, calcium ions are released frtime
crystal lattice of adsorbent into the solution. Mo& C&*
ions are released
5 minutes them concentration®Xc,) is equal to
17.95 mg C&/g and after 2 FEXca,, only increased till
18.79 mg C&l/g (Fig. 2).
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Fig. 2. Integral (a) and differential (b) kinetic curves@&" ions
concentration variation in acidic solution

It was estimated that almost all zinc ions inteatzd
into gyrolite structure only by substitution react
gyrolite-C& + Zr?* « gyrolite-Zf + C&".  The main
reason could be pH of initial cation metal solusion

It should be noted that the significant change ldf p
value in reaction medium was observed at the baggnof

adsorption (3 miar5 min) because the value of pH varied
from 5.6 to 6.5 (Fig.3). Presumable that mentionec

variation of pH value depends on increment of‘Gans
quantity in solution.

8
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Fig. 3. Variation of acidic solution pH value

in the first minutes becauser afte

solution after 120 minutes at 26 did not exceed over
~0.008 %.

Thus, it was found that the adsorption of zinc ibgs
gyrolite is irreversible in acidic solution.

Obtained data showed that adsorptive nature has a
determinant influence for gyrolite adsorption capac
because V. Kasperaviciute et al. [24] showed thatcidic
medium gyrolite acts as chemosorbent which canrhdso
only 41.48 % of C%i ions.

In order to identify the stability of gyrolite afte
adsorption, it was characterized by XRD and STA
methods.

XRD analysis showed that gyrolite in acidic solatio
is unstable because after 2 h of adsorption, ttengity of
gyrolite main diffraction peakdfspacing — 2.273 nm)
decreases (Fig. 4,a, curve 2). It was determineat t
gyrolite recrystallized into gyrolite getl{spacing — 2.205,
1.106, 0.830, 0.304, 0.279, 0.183 nm) and variable
(undefined) composition of the semi-crystalline pmund
— CSH(l) @-spacing — 0.304, 0.279, 0.183 nm) (Fig. 4, a,
curve 2).

Relative intensity a. u.
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Fig. 4. X-ray diffraction patterns (a) and DSC curves (b) of
gyrolite: 1 — before adsorption, 2 — after adsonpti
Indexes: G — gyrolite; Gg — gyrolite gel; C — C-SHH(

These results were confirmed by DSC data: typinal a
endothermic effect at ¥46°C is of gyrolite (Fig. 4, b)
moved to a lower temperature atl}8°C after 2 h of
adsorption (Fig. 4, b, curve 2). Also, it was idéed two
exothermic effects at 828 and 867C temperatures,
wich are typical to gyrolite gel and CSH(l) respeely
(Fig. 4, b, curve 2).1t should be noted that these

After adsorption experiment gyrolite powder wascompounds recrystalizes into the wollastonite atelo

dried and poured into decarbonized water for tleHa:g
test. It was determined that zinc ions concentnatio

temperatures compared to the pure gyrolite sanfte 4,
b, curve 1).
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These data agree with A. Stumm et al. [34] resultsZn®* ions participated in the substitution/chemicalctizm

which have indicated that zinc incorporation inymthetic
gyrolite is possible up to Zn/(Zn+Ca) = 1/6, copasding

(gyrolite-C& + Zr* — gyrolite-Zr? + C&£"), whereas the
rest of these ions were present in gyrolite acogrdd an

to approximately 6 weo. Increasing zinc content led to a addition interaction.

gradual diminishing of the basal reflection (001) o
gyrolite, as for the nanocrystalline phases [34].

In order to increase stability of adsorbent, adsonp
reactions of zinc ions were studied in alkaline imed

It was determined that in alkaline solution (pH.0)9
adsorption proceeded faster and more efficientlyiras
acidic. After 30 s more than 95 % of Zrions (28.50 mg
Zn*'lg) intercalated into gyrolite crystal lattice (F a).
It should be noted that the ion exchange in gyolit
occurred within 1 min because almost all theZions
(29.12 mg ZA'lg) intercalated in the structure of this
compound (Fig. 5, b).
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Fig. 5.Integral (a) and differential (b) kinetic curvesZi#* ions
adsorption in alkaline solution

It should be noted that amount of calcium
released from gyrolite crystal structure in alkalgolution
is significantly lower than in acidic. Most of Edons are
released after 5 minutes because concentratiorherh t
(2Xca24) is equal to 13.92 mg @f*aﬁg and after 2 lIEX a0+
only increased till 14.53 mg €%g (Table 1).

Table 1. The amount of desorbed €#ns in alkaline solution

ions

Time, min AX(Ca?"), mg-g* | =x(c&"), mg-g*

0 0 0

0.5 10.82 10.82

1 1.20 12.02

3 1.00 13.02

5 0.90 13.92

15 0.30 14.22

25 0.20 14.42

60 0.10 14.52
120 0.01 14.53

It was found that pH value in alkaline solution idgr

adsorption process does not vary: pH is equal @at0.1

(Fig 6).
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Fig. 6. Variation of alkaline solution pH value

In order to identify the stability of gyrolite, the
products of sorption were characterized by XRD B&C
analysis (Fig. 7).
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Fig. 7. X-ray diffraction patterns (a) and DSC curves (b) of

gyrolite: 1 — before adsorption, 2 — after adsonpti
Indexes: G — gyrolite

The X-ray powder diffraction analysis showed thret t
structure of gyrolite did not change during theaagson
process. In the X-ray diffraction pattern, the most
characteristic peald{spacing — 2.273 nm) of gyrolite was

It was determined that substitution reaction wasddentified. This principal reflection did not changver the
typical of gyrolite in the alkaline solution becau®2 % of

12¢
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DSC curve the same thermal effects (endothermexetit versust (Fig. 8). The values of the calculategc.) and
138°C of water dehydratation and exothermic effect aexperimentabe.pare represented in Table 2.

855°C of recrystallization to wollastonite) were idiied An agreement betweetyexp) experimental ande.ca

(Fig. 7, b, curve 2) as in pure gyrolite (Fig. 7cbrve 1). It  calculated values for the pseudo second order mads|
should be noted that gyrolite substituted with*Zions  observed. Also, the correlation coefficier®?)( for the
recrystallizes into wollastonite at lower temperatu second order increase to 1 and adsorption ratdartr(s,)

(855°C). is equal to 1.176.

After adsorption experiment gyrolite powder was Hence, the pseudo second order model followed by
dried and poured into decarbonized water for tlaeHeng  adsorption kinetics and suggest that the process of
test. It was determined that zinc ions concentmatio  adsorption in alkaline solution is chemosorption.
solution after 120 min at 2% did not exceed over 0.1 %.

Thus, adsorption process in alkaline solution iISCONCLUSIONS
irreversible.

Thus, our research allows to state that the cation It was found that the penetration of %Zrions into
exchange reactions are specific to chemisorpti@tgss. structure of gyrolite depends on the pH value of th
In order to determine kinetic parameters of adsompt Zn(NOs), solution because after 30 s 95 % of*Zions
reactions in alkaline solution, a kinetic modelsédeen (28.50 m@Zn?*/g) intercalated in to gyrolite structure in
developed and fitted for the adsorption reactiothefZri*  alkaline solution (pH ~ 9.0), whereas in acidic usioin
ions by gyrolite. (pH ~ 5.6) only — 68 % (20.43 mg Z1y).

By using pseudo first order kinetic rate equatiorai It was determined that in alkaline solution 82 9%Zaot*
linear form (2), the equilibrium adsorption capgdileex;)  iONS participated into gyrolite by the substitutioeaction
and the first order constarn (min”) was determined (gyrolite-C& + Zrf" < gyrolite-Zr? + C&"), whereas the
experimentally from the slope and intercept plot ofrest of these ions were present in gyrolite acogrdo an
109(Ceexp)— O) Versust. It was observed that the pseudoaddition interaction. Meanwhile, in acidic solution
first order model did not fit well because the cddted adsorption reaction proceeded differ because alaibsinc
Oe(cay Value disagreed with the experimentgle,y value ions participated only in substitution reaction.
and value of correlation coefficienR? was very low — It has been proven that independently of the smiuti
0.557 (Table 2). pH value the adsorption reactions are irreversitilevas
found that the adsorption processes in alkalineitisol
followed by a pseudo second order model and sughatst
it is process of chemosorption.

It is recommended to use gyrolite when pH of
adsorptive is alkaline because in solution with dovpH
value (-5.6), this compound recrystallized into gyrolitéd ge
and variable (undefined) composition of the semi-
crystalline compound CSH(l).

Table 2.The kinetic parameters of the pseudo first and gseu
second order kinetic models in alkaline solution

Pseudo first order Pseudo second order

Geterp ks, Oe(cal), R2 ks, Oe(cal)s R2
min?| mg-g* g-mgtmint | mg-g*

29.12(3 0.088| 1.265 |0.55f 1.176 29.154 1.009

Owexp — the equilibrium adsorption capacity, md; gcalculated  Acknowl edgments
from experimental data;
Oeca) — the equilibrium adsorption capacity, mg; galculated by This work was partly supported by project "Promitio

using equations (3) and (4) of kinetic models. of Student Scientific Activities" (VP1-3.1-SMM-01-02-
003) from the Research Council of Lithuania (AnH).
This project is funded by the Republic of Lithuariad
also, the present work was funded by a grant (Nt®-M
025/2014) from the Research Council of Lithuania.

47 y = 0.0343x + 0.001
R2=1
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