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Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of chemistry and technologies in
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Kasakcman Pecriybnukacel ¥nmmbik fbiribiM akademusicbl "KP YFA Xabapnapbel. Xumusi XoHe
mexHorsioeusi cepusicbl” fbifibIMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacbli Emerging
Sources Citation Index-me uHOekcmeryeze KabbindaHraHblH xabapnalidbl. byn uHdekcmerny 6apbicbiHOa
Clarivate Analytics komnaHusicsbl XypHandbl o0aH api the Science Citation Index Expanded, the Social
Sciences Citation Index xeoHe the Arts & Humanities Citation Index-ke Kabbiiday maceneciH
kapacmbipyda. Webof Science 3epmmeywinep, asmoprap, 6acnawsifiap MeH MeKemMesiepae KOHMeHm
mepeHDiei MeH canacbiH ycbiHaobl. KP YFA Xabapnapbl. XuMusi XoHe mexHosnoausi cepusicbl Emerging
Sources Citation Index-ke eHyi 6i30iH KoramdacmabiK YWIiH eH 63eKmi xoHe 6edendi XuMusinbiK FbliibiMOap
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NEW ADSORBENTS DEVELOPED FROM NATURAL
CLAYS TO REMOVE NI (IT) FROM WASTEWATER

Abstract. Treatment of wastewater by adsorption is one of the most environmentally friendly methods, along
with high efficiency. The main criteria when choosing materials for wastewater treatment by adsorption are its
adsorption properties, porous structure and cost-effectiveness. Heavy metal ions are the main pollutants present in
wastewater from machine-building, non-ferrous metallurgy and instrument-making enterprises, its removal being
mandatory employing processes such as adsorption. This work deals with the development of materials based on
natural clays and on pillared clays and further application in the the adsorption of Ni (II), used as model pollutant,
from aqueous solution. The starting natural clay (montmorillonite) was obtained in a deposit of Kazakhstan (Asa),
and two additional samples were prepared by treatment of the natural clay with acid and by pillarization with Fe**
and Zn*". Batch adsorption experiments were carried out to explore the effect of pH, adsorbent load, contact time and
the initial ion concentrations of Ni (II) in the adsorption of the heavy metal from aqueous solution with the three
adsorbent samples. A maximum removal of Ni (II) of 98.9% was achieved at pH 10 with a dose of adsorbent of
2 g/L, a contact time of 120 min and an initial concentration of metal ions of 50 mg/L, when considering the Asa
natural clay.

Keywords: clay, adsorption, nickel, heavy metal, wastewater, pillared clay.

1. Introduction

At present, humanity is facing a serious global water crisis - one billion people around the world do
not have access to clean drinking water, and more than 2 billion people do not have enough water
purification systems, which is the main cause of water-borne diseases. Heavy metal ions are the main
pollutants contained in the wastewater of machine-building enterprises, non-ferrous metallurgy and
instrument-making enterprises. Since heavy metals are priority pollutants, its observation is mandatory in
all environments. The release of those metals in waters have a high impact in nature, due to their use in
significant volumes in the production activity. As consequence, as a result of accumulation in the
environment, they provide serious openness in terms of their biological activity and toxic properties. The
presented requirements are fully met by natural clays with a high specific surface [1].These metals include
nickel (II), chrome (II) and (VI), zinc (I1I), copper (II), cadmium (II), among others [2]. In particular,
nickel is one of the toxic heavy metals that are released into the environment at an exceedingly high level
through the discharge of wastewater from electroplating, mining and battery industries [3]. Nickel exists in
the form of Ni (II) in aqueous solution and causes cancer of lung, nose and bone when at high
concentrations [4].

However, these methods are not suitable for the removal of metals at low concentrations, as typically
found in contaminated water streams. Adsorption appears in this context as a suitable process for
removing inorganic heavy metals, as well as organic pollutants, from wastewater, due to significant
advantages such as low cost, availability, ease of operation, efficiency and effectiveness, when compared
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to other methods. The process involves the separation of a substance from one phase (liquid) and its
accumulation on a solid surface. This method is easy to use and equally effective in removing toxic
pollutants even at low concentrations [5]. Efficiency of removal of non-ferrous, heavy and rare metal ions
from wastewater by adsorption depends on their concentration in water, pH and total water salinity [6].

Various low cost adsorbents have been employed for removal of heavy metals from wastewater,
including bentonite, coir pith, expanded pert lite, fly ash, magnate, montmorillonite, peat moss and
smectite [7-11]. Clays are known as low-cost materials with higher surface area, making them good
adsorbents. In order to increase its specific surface area, clays can be activated by treatment with acid [12].
In recent works, our group developed methods to produce successfully materials considering
environmentally friendly and sustainable routes, such as Zn-based photocatalyst. Following the recognized
advantages of developing environmentally and economically sustainable materials, in this work, clay-
based materials were prepared from a low-cost natural clay extracted from a Kazakh deposit and applied
in the adsorption of Ni (II), used as representative toxic heavy metal. Three samples were considered, the
natural clay washed, activated by hydrochloric acid and pillared with Zn and Fe. The main operating
conditions involved in the Ni (II) adsorption process (adsorbent load, pH, contact time and initial
concentration of Ni (II)) were assessed with all prepared clays.

2. Experimental

2.1 Materials and Preparation Procedures

The natural clay from the Kazakh deposits of Asa (Zhambyl region) was taken as raw material for the
preparation of three samples of adsorbents. The first sample resulted from washing of the natural clay with
distilled water (Asa). The second sample was obtained after activation of the natural clay with HCI (37%)
at room temperature for 24 hours followed by drying at 384 K (Asa-activated). For the third sample, the
natural clay was pillared using cations of iron and zinc (Fe/Zn-Asa). The pillarizing solution was prepared
at room temperature by slow addition of a 0.2 M NaOH to a solution containing iron (II) sulphate (99,5%)
and zinc (II) chloride (98,03%) until pH = 2.8. The resulting solution was aged at room temperature for
24 hours. The pillarization procedure considered a total metal content of 10 mmol per gram of clay. The
samples obtained were dried at 350 K and then calcined during 2 hours at 823 K with a heating rate of
275 K/min.

2.2. Materials Characterization and Analytical Methods

To determine the physico-chemical characteristics of the natural clay, X-ray spectral analysis was
used. An electron probe microprobe of the Superprobe 733 (Super Probe 733) brand from JEOL (Jael,
Japan) was used for determination of the angular position and intensity of reflexes. Analyses of the
elemental composition of samples and photography in various types of radiation were performed using the
Inca Energy with dispersive spectrometer from Oxford Instruments, England. The concentration of Ni (II)
was determined by AES. All measurements were carried out using the Agilent 4200 MP-AES fitted with
the Agilent 4107 Nitrogen Generator. The sample introduction system consisted on a double pass cyclonic
spray chamber, OneNeb nebulizer, Solvaflex pump tube (orange/green) and Easy-fit torch to introduce the
sample. Multi-element calibration standards containing Ni (II) with a concentration of 50 mg/L were used.
The standard was prepared in a 5% HNO3/0.2% HF (v/v) medium (Made in USA).

2.3. Static adsorption runs

Preparation of solutions and pH adjustment

The corresponding amounts of NiSO4*6H,O were dissolved in distilled water to obtain Ni (1)
solutions with concentrations of 50, 40, 30, 20 and 10 mg/L. Adjustment of the solutions pH was carried
out using 0.01 M HCI and 0.01 M NaOH solutions.

Effect of adsorbent load

Masses of adsorbent to result in different concentrations of 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0 and
10.0 g/l were placed separately in 250 mL Erlenmeyer flasks and 100 mL of a solution containing
50 mg/L Ni (II) was poured into each. The pH of each was adjusted to 6.0 and the resulting solutions were
stirred for 2 hours. The concentration of unadsorbed Ni (II) ions in the filtrate was determined by AES.

—— 4 ——
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Effect of contact time

The adsorbent at the level of 2 g/L. was added to each 250 mL Erlenmeyer flask containing a solution
of 50 mg/L Ni (II) and the pH was adjusted to 6.0. The mixture was shaken on a laboratory shaker for
different time intervals of 0.25, 0.5, 1, 2, 4, 6 and 24 hours. The residual concentration of Ni (II) in the
filtrate of each sample was determined by AES.

Effect of the initial concentration of Ni(Il)

Solutions containing Ni (II) in different concentrations of 10, 20, 30, 40 and 50 mg/L were placed in
separate Erlenmeyer flasks. Then, the adsorbent (2 g/L) was added and the pH was adjusted to 6.0. The
resultant suspension was shaken during the contact time of 2 hours. The unabsorbed Ni (II) concentration
in the supernatant solution was determined by AES.

3. Results and discussion

3.1 Characteristics of natural clays and pillared clays

The results of elemental composition of the natural washed clay and of the pillared clay were obtained
by EMP analysis. Table 1 presents the content of elements.

Table 1 -The results of elemental analysis

Natural and Mass of the metals (%)
Pillared clays Na Mg Al Si K Ca Ti S Fe Zn
Asa 1,13 3,41 11,32 5829 | 2,70 18,03 0,65 n.d. 2,66 n.d.
Fe/Zn-Asa 1,38 1,55 531 17,82 1,78 3,84 0,56 0,34 22,39 2,62

From the analysis of table 1 it is observed that the pillaring treatment of the Asa clay with Fe and Zn
it is observed that the Zn content of the pillared clay is 2.62% and that the amount of iron increased from
2.66% in the natural clay of the Asa deposit to 22.39% after the pillaring process. The chemical
composition analysis also shows a high Si content when compared to the other elements.

X-ray diffraction (XRD) spectra were also determined and can be observed in figure 1. Studies of the
mineralogical composition of clay confirm that the clay of the Asa deposit is a representative of
polymineral clay. The quantitative ratio of crystalline phases of the clay samples were determined by X-
ray diffractometric analysis. The polymineral composition was confirmed by the appearance of the
corresponding signals on the X-ray patterns: montmorillonite (d = 14.35 A), muscovite (d = 9.98, 3.45 A),
quartz (d = 4.25-3.34 A) with the formula Al,O5°4Si0,+xH,0. Table 2 shows the chemical composition of
the natural clay Asa. As can be observed, Asa contain a high quantity of impurities in the form of quartz.

Asa

Intensity (a.u)

10 20 30 40 50 60 70 80

26 (degree)

Figure 1 - X-ray diffraction spectra of natural clay Asa by EMP
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Table 2 - Chemical composition of the natural clay Asa determined by semi quantitative analysis from XRD

Mineral Asa
Quartz, Si0O, 32.9%
Calcite, CaCOs 16.2%
Muscovite,
(Ko.82Nag 15)
(Feg.03Aly97) 9.1%

(AISi5)019(OH),

Albite endmember feldspar,

Na(AlSi;O) 13.7%
Hydrated aluminum o
silicate, Al,O5+48i0,°xH,0 4.9%
Kaolinite, o,
ALSi,05(OH), 5.2%
Microcline feldspar, Ksi;AlOg 18.6%

The surface morphologies of the natural clays and of the PILCs prepared were observed by
transmission electron microscopy (TEM). The micrographs obtained in bright field mode are shown in
figure 2. The TEM images of the pillared clays obtained in dark field mode put in evidence the defects of
the structure, as well as fine particles present in the material, as dark-colored spots.

a) Asa b) Fe/Zn-Asa

Figure 2 - TEM micrographs obtained for the natural clays and pillared clays

3.2. Adsorption of Ni

Effect of adsorbent load

The effect of doses of the adsorbent on Ni (II) adsorption using the three clays prepared is shown in
figure 3. It is observed that the adsorption of Ni (II), irrespectively of the clay sample used, increases with
an increase in the dose of adsorbent from 1.0 to 10.0 g/L, increasing with the natural clay Asa from 74.9 to
94.5%, with the activated clay from 69.4 to 92.4% and with the pillared clay from 82.0 to 95.6%. This is
due to an increase of the available surface area, which in turn increases the availability of interchangeable
sites on clay for Ni (II) adsorption. An increase in the dose of the adsorbent up to 10 g/L retains the static
adsorption of Ni (II), which may be due to the achievement of equilibrium between the liquid and the solid
phases. Based on the results obtained, it can be concluded that all three clay materials have good sorption
properties with an increase in their dose up to 3 g/L. The adsorption of Ni (II) with the three samples does
not increase significantly when increasing the concentration of adsorbent above 3 g/L.

—— 4§ ——
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—&— Washed clay
—@— Activated clay
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0 2 4 6

Adsorbent dose (g/L)

Figure 3 - Adsorption of Ni (II) on adsorbents Asa, Asa-activated
and Fe/Zn-Asa pillared clay at different adsorbent doses

Effect of contact time
Figure 5 shows the results of Ni (II) adsorption using the natural clay Asa, the activated clay and the

Fe/Zn-Asa pillared clay at different contact times. Generically it is observed that adsorption increases
slightly over time, the natural clay showing the maximum adsorption after 24 hours (92.9%). With the
pillared clay, a rapid Ni (II) adsorption of 89.6% took place in the first 15 minutes, proceeding after more
slowly until equilibrium was reached. Similar results can be observed for the clay activated with
hydrochloric acid, the maximum adsorption being reached after 24 hours with a value of 83.6%. The fast
adsorption of Ni (II) at the beginning of process is explained by the greater number of free adsorption sites
at the surface of the clays, which in later stages are occupied by Ni (II) ions, decreasing the number of free

adsorption sites.

50
3 —&— Washed clay
—— Activated clay
40 —&— Pillared clay
g 30
8
E
~
=~
S 204
< 4
10 A
e
=
0 T T T T T T ///'/ T T T
0 2 4 6 22 24

Contact time (h)
Figure 4 - Adsorption of Ni (II) on adsorbents Asa, Asa-activated and Fe/Zn-Asa with varying contact time
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Effect of the initial concentration of Ni (1)

Ni (II) adsorption decreases from 88.9 to 83.1% with an increase in the initial concentration of Ni (II)
from 10 to 50 mg/L with the natural clay Asa. With the activated clay, the adsorption reached equilibrium
with the results at 10 mg/L - 77.8% and at 50 mg/L - 77.6%. This is due to the fact that an increase in the
concentration of metal ions causes saturation of the adsorption sites on the clay, blocking the adsorption of
Ni (I) on the sites of adsorption, and as a result, the efficiency of adsorption decreases. With the Fe/Zn-Asa
pillared clay, the adsorption results change from 75.0 to 89.6%.

—=— Washed clay
—8— Activated clay
—&— Pillared clay

[Ni(I)] (mg/L)

0 . , . , . , . ,
0 10 20 30 40

[Ni(I))],, (mg/L)

Figure 5 - Adsorption of Ni (II) on adsorbents Asa, Asa-activated
and Fe/Zn-Asa for varying initial metal ion concentration

4. Conclusions

The use of natural clays as adsorbents for the adsorption of Ni(Il) from aqueous solutions shows
encouraging results. The adsorption process is influenced by several parameters, such as pH, dose of
adsorbent, contact time and initial concentration of metal ions. With the natural clay Asa, the adsorption
equilibrium was reached after 120 min and the adsorption removal reached a maximum of 98.9% with an
optimum pH of 10.0, a dose of adsorbent of 2 g/L and an initial concentration of metal ions of 50 mg/L.
The results of the study convincingly proved the effectiveness of natural clay as adsorbents for the
removal of Ni (II) from wastewater.
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AFBIH/IBI CYJIAPJIAH NI (IT) 2KOIO YIIIH KOJLJJAHBIJIFAH
TABUT'U CA3BAJIIIBIKTAH ’KACAJIFAH ’KAHA AJJIOCPBEHTTEP

AHHOTAUMs. AFBIHIBI CYJNapAbl afcOpOIMSIBIK Ta3apTy OMici, JKOFapbl THIMAUIIKIEH Oipre, 3KOJIOTHSIBIK
Kayirci3 omicrepaiH Oipi 60T TaObUIAAbl. AFBIHABI CYJIApIbl Ta3apTy YIIiH MaTepHaIapIsl TAaHIaFaH Ke3ae 0acThl
OIIIIeMi OHBIH aJCOPOIIUTBIK KACHETTEPi, KEYEKTI KYPBUIBIMBI )KOHE YKOHOMHUKAJBIK THIMILTITT OONBIN TaObLTAIb.
MammHa kacay KoCiOPBIHOAPBIHBIH, TYCTI METALTyprusi KOCIOPBIHAAPBIHBIH, acllall jkacay KOCIOpBIHAAPBIHBIH
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aFpIHIBl CyNapbIHIA HETI3ri JlacTaymIsliap ayblp METAI HOHAAphl OONBIT TaObUIaAbl. AybIp MeTanmap OachiM
JmacTaymsiiap OONBIT TaOBIIAMBI, OJAapAbl OakpUIay OapibIK opTanapiaa MiHAETTI OONbIl TaOBUIamel. by 3eprrey
JKyMbIcH Ka3akcTaHBIH e/l MeKeHIHEH aJIbIHFaH TaOUFU ca30aNIIBIKTEH (MOHTMOPHIUIOHNT) HETi31HIIe, MOJICIBIIK
nacrayusl petinae koipanburrad Ni (II) agcopOumchiH cynbl epitiHmiae xyprizyre apHanrad. Exi Typni taburu
ca36GalIIBIKTHIH YITiTepi Kbimkeul koHe Fe?', Zn*' TysmapsiHbIH epiTiHmiciMen eHmemmi. Ym Typii agcopGeHtT
yirinepimen cynbl epitinaize Ni (II) apcopOumsiceinbin pH MoHI, agcopOeHT Mesiiepi, OaillaHbIC YaKbIThl JKOHE
aJFalIKbl KOHIIEHTPALUs HOHAAPBIHBIH acepi 3epTrenyi. Aca Taburu ca30anubiFbliH Kogany apkbuibl Ni (1) noHsIH
98,9 % maxcumansl xoibutybl pH-10, ancopOeHT memepi 21/, 6ainanbicy yakbiThl 120 MUH jKOHE METal HOHBIH
OacTanKbl KOICHTPAUUACH SO MI/i1 OOJIFaH Ke3/Ie abIHIbI.
Tyiiin ce3aep: cazdanmbIKTap, ancopOIMs, HUKEIb, aybIp METaJ, aFbIH/IBI CY, OaFraHalbl ca30aJIIbIK.
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HOBBIE AJICOPBEHTHI, ITIOJTYUYEHHBIE U3 TIPUPOJHBIX I'/INH,
HNCHOJIB3YEMBIX JJIs1 YIAJEHUSA NI (IT) U3 CTOYHBIX BO/JI

AHHOTanusA. AJICOPOIIMOHHAS OYNCTKA CTOYHBIX BOJ — OJIMH M3 CAMBIX SKOJIOTHYCCKH YHCTHIX METOJIOB HAPSTY
C BBICOKOU 3PPeKTHBHOCTHIO. OCHOBHBIMH KPUTCPUSMH IPH BEIOOpE MATEPHATIOB JJIS OYHCTKHA CTOYHBIX BOJ
SBJISIFOTCSL €r0 aJCOPOIMOHHBIE CBOMCTBA, IOPHUCTasi CTPYKTYpa M SKOHOMUYHOCTb. VIOHBI TSDKENIBIX METaJlIoB
SIBIISIFOTCSL OCHOBHBIMHU 3arpPS3HUTENSIME CTOYHBIX BOJ TPEANPUSATHA MAIIMHOCTPOCHHUS, IIBETHOW METAJUTYpPIHH,
npubopocTpoeHus. TspKelble MeTalulbl SBISIOTCS MPEOoOIaNaloNMMU 3arPSA3HUTENSIMHI, KOHTPOIb HAaJ KOTOPBIMHU
SBIISIETCST 00SA3aTENBHBIM BO BCEX Cpedax. DTO HCCIEAOBAHHE IOCBSIICHO HCIIONB30BAHUIO TPUPOIHOW TIIMHBI
(MOHTMOPHJIIOHHTA), TOJIy4YeHHOH Ha MectopoxiaeHun Kasaxcrana, jusi agcopouun Ni (II), ucnonssyemoro B
Ka4yecTBe MOJAEIBHOTO 3arps3HUTENS, U3 BOTHOTO pacTBopa. [IBa pa3muuHbIx oOpasia M3 MPHPOTHBIX TIHH OBLTH
MOJBEPTHYTHl 00pabOTKEe KHCIOTOW W PacTBOpaMH COJeit Fe’" u Zn*". Bsuio n3ydeHo BiusHus pH, n03bl
ajicopOeHTa, BpeMEHHM KOHTaKTa M HayallbHbIX KOHIEHTpaluid HoHOB Ha aacopOuuio Ni (II) n3 BogHoro pacrteopa Ha
Tpex oOpasmax ajacopOenra. MakcumanbHoe yaanenue Ni (1) 98,9% Obwio mocturmyro npu pH 10 u mose
azcopOenTa 2 r / 1 npu BpeMeHH KOHTakTa 120 MHH M HavaldbHOM KOHIICHTpAIMi MOHOB MeTautoB S50 Mr / i1 Ha
IPUPOJHOM ruHe Aca.

KiroueBble cJI0Ba: TIIMHA, aICOPOLINs, HUKENb, TSOKEIBIH METAaIUI, CTOYHBIC BOJIBI, CTOJIOYATAs TIIMHA.
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