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Sink-aluminium qarisiq oksid / polivinil spirti (ZnAl - qarisiq oksid / PVS) nanokom-
poziti birga ¢okdurma ilo formalasma metodu tatbiq etmoklo sintez edilmisdir. Alinmis nano-
kompozitin kristal qurulusu, optiki xassalari Vo morfologiyast miivafiq olaraq Rentgen Difrak-
tometri (RD), Ultrabandvsayi—gorinan spektroskopiya. XRD analiz naticalorina géra nano-
hissaciklarin orta olgiisii 7-10nm olmusdur. Sorbsiva parametrlorindan asili olarag Pb** ion-
larimin ZnAl - garisiq oksid / PVS nanokompoziti ilo sulu mahluldan sorbsiyast oyronilmisdir.
Todgigatin naticalarine asasan miayyan edilmisdir ki, nanokompozitin Pb?* ionlarmna gérs
maksimal udma effektivliyi 97% olmusdur.

Acar sozlori: ZnAl - qarisiq oksid, polivinil spirti, Pb" ionlar1, sorbsiya, nanokom-
pozit, qurulus xassalori.

Layl ikili hidroksidler (LIH) hidrotalsit ailesina aid olub anion gillor
kimi do taniir. Heksaqonal quruluslu alt1 oks yiiklii OH™ hidroksil qruplart ilo
ikivalentli M*" vo {igvalentli M** metal kationlarnin kombinasiyasindan ibarot
brusit sokilli tobagoli qurulus niimayis etdirirlor [1]. LIH-lar ¢ox ohamiyyatli
layli geyri-uzvi materiallar oldugundan katalizds, optikada, tibbde va (s) saho-
lordo genis totbiq olunur [2], [3] LIH va polimer materiallar osasinda hazirla-
nan ¢oxlu sayda nanokompozitlor listliin xiisusiyyeotlors malikdir. Malum oldu-
gu kimi polimer matrisdo nanodoldurucularin borabor paylanmasi onun xas-
solorinin yaxsilagdirilmasina oshomiyyatli tosir gostorir [4] Lakin giiclii laylar-
aras1 elektrostatik qarsiliglt tosira malik olduguna géra LIH-lar qalinligi 10 nm
olan layli qurulug amalo gatirir. Nohong polimer zancirlarin vo ya zaoncir fraq-
mentlorinin saf LIH toboqgolorino daxil olmasi miimkiin deyil. Bu fikro osasla-
naraq PVS-in suda pH mohlulunda dagilmis LiH tobogolorinden ibarat nano-
kompozitlori birbasa metodla birgo ¢cokdiirmoklo sintez edilmisdir [5]. Zororli
metallar hom tobii, hom do tomizlonmis suyun on osas ¢irklondiricilorindon bi-
ridir. ©On zororli olanlar cive (Hg), cadmium (Cd), xrom (Cr), qurgusun (Pb),
[6] arsen (Ar), mis (Cu), sink (Zn), nikel (Ni), kobalt (Co) vo qalay (Sn) insan
va digar organizmlors ¢ox pis tosir edir [7]. Hozimsizlik, kilo itkisi, boyroklorin
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zadolonmasi kimi monfi tasirlors malikdir [8]. Bununla da agir metal ionlarinin
su va ¢irkab sularindan tomizlonmasi mithiim masaladir. Agir metal ionlart ilo
cirklonmis sulardan bu ionlarin tomizlonmasi kimyoavi ¢okdiirms, ion miibadi-
lasi [9], filtrasiyali membran [10], biosorbsiya [11] vo adsorbsiya metodlart ilo
hoyata kegcirilir. Bu metodlar igorisinds ucuz olmasi vo sadoaliyino goro adsorb-
siya on yaxs1 metoddur. Lakin bu metoddak: osas problem effektiv adsorbent
secmakdir. Polimer nanokompozit adsorbentlor kimyavi funksionalligina gors
adsorbsiya prosesi li¢lin tonzimlonan soth sahosino goérs, 6l¢ii sabitliyino, asan
1slonmoasing vo barpa olunmasina gors an effektiv sorbentlordir [12], [13].

ZnO nanostrukturlart agir metal ionlarmi sudan ¢ixarmaq [14], sintez
gazini desulfolasdirmaq [15], fenol, dixlorometan, trixlorometan, karbon tetra-
xlorid vo s. kimi tizvi ¢irklondiricilorin adsorbsiyasi [16] ti¢iin on ¢ox dyronilon
metal oksid sorbentdir.

Tacriibi hissa

Yerina yetirilon tocriibi isdo ZnAl-qarisiq oksid/PVS nanokompoziti bir-
go c¢okdiirmoklo formalagdirma metodu ilo sintez edilmisdir. Ovvalco
ZnS04-7TH,0 vo Al(SO4);3-18H,0 duzlarinin suda 0.375M va 0.125M qatiligh
mohlullar1 hazirlanmisdir. Alinmis mohlullar qarisdirilaraq 40ml 10%li PVA
mohluluna slave edilmisdir. Qarisiq mohlula 5SM NaOH oslavs edildikdon sonra
90°C-dos 10 saat saxlanilmigdir. Ag rongli kompozit ¢okiintii alindigdan sonra
niimuna distillo suyu ilo normal pH alinana kimi yuyulmus vo havada qurudul-
musdur. Alinmis nanokompozitin qurulus xassalori Bruker D2 Phaser Rentgen
Difraktometrindo (RD) CuKo siialanmasinda (A=0.154nm), 26=1-80° bucaq
intervalinda todqiq edilmisdir. Alinmis niimunslorin optiki xassolori ultrabs-
novsayi-goriinon (UB-Gor) spektroskopiya ilo Spekord 250 markali UB spek-
tometrindon istifado etmoklo tadqiq edilmis, udulmaya goro qadagan olunmus
zonanin eni hesablanmisdir. Pb>" ionlarinin mohlulda qatilig1 ICP-OES atom
emission spektrometrinds dyronilmisdir. Alinmig naticalors asason sorbsiya fai-
zi (R%) (1), sorbsiya tutumu (ST) (2) vo mohlulda ionlarin paylanma omsali
(3) dyronilmisdir.

R(%) = €= 100 (1)

ST :M )
g

po = Lo=co/ce (3)

g

Burada, Cy-vo miivafiq olaraq cihazin gostordiyi vo durulagdirma nazo-
ro alinmis mohlullarin baslangic ve tarazliq qatiligi, V- duz msohlulunun hacmi,
g-sorbentin kiitlosidi.
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Noaticalar vo onlarin miizakirasi
ZnAl-qarisiq oksid/PVS nanokompozitinin RD ils qurulus xassolori gokil
1-do gostarilmisdir.
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Sak. 1. ZnAl-qarisiq oksid/PVS nanokompozitinin RD ils tadqiqi

Sokil 1-don goriindiiyli kimi 26-nin 20° giymetindo miisahido olunan
enli pik PVS-o uygun golir. Difraktogramda sink oksido (ZnO) vo sink-aliimi-
nium qarisiq oksidine (ZneAl,Ov) aid piklor miisahide olunmugdur. ZnO—o aid
piklar (100); (002); (101); (102); (110); (103); (200); (112) va (201) difraksiya
miistovilorinda 260 =31.9°; 34.57°; 36.4°; 47.7°; 56.76°; 62.99°; 66.45°; 68.05°;
69.19° difraksiya bucaqlarina uygun golir (JCPDS No0.89-7102). ZncAl,Oy qa-
ris1q oksidino aid piklor iso 26= 32.73°; 36.96(2)°; 37.26°; 48.27°;, 57.51°;
63.77°; 68.79°; 70.08° vo 78.0° difraksiya bucaglarina uygun golir (JCPDS
No0.51-0037). ZnO va ZnegAl,Oy nanokristallarinin orta 6l¢lisi RD-don alinan
noticalora osason Debay Scherrer diisturu (4) ilo hesablanmis, uygun olaraq
10.5 nm va 7.3 nm olmusdur.

D o 4
~ Bcosb )

Burada, D - hissaciklorin orta diametri, a - Scherrer sabit, A - X-slialarinin
dalga uzunlugu (1.5418 A), B - yarim dalga enidir (FWHM) vo 0- Bragg bu-
cagidir.

Pb>" ionlarimin ZnAl-qarisiq oksid/PVS ilo sorbsiyasi miihitin pH-indan,
ilkin mohlullarin gatiligindan, sorbentin miqdarindan, sorbsiyanin temperatu-
rundan vo zamanindan asili olaraq Oyronilmis, adsorbsiya izotermlori qurul-
mus, sorbsiyanin kinetikas1 vo termodinamikasi arasdirilmisdir.

Sokil 2-do almmis nanokompozitin Pb*" ionlarini miixtolif pH-larda sorbsi-
yasinin nanokompozitinin gadagan olunmus zonanin enino tosiri gostorilmisdir.
Gorilindiiyli kimi, mohlulun pH-1 artdiqca qadagan olunmus zonanin eni niimu-
nodo azalmisdir. Bu onunla izah olunur ki, mohlulun pH-1 artdigca qurgusun
niimunanin torkibine daxil olub PbOH', Pby(OH),*", Pbs(OH),*", [Pb (NH3)*'],
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Pb3(CO3), (OH),) kimi komplekslorin amals golmasina sabab olur. Optiki xas-
solorin bu ciir deyismosini Pb”" ionlarinin ion radiusu vo qurgusunun koordi-
nasiya doracasi ilo do izah etmok olar.

ICP-OES atom emission spektrometrindon alinan naticalore gora sorbsiya-
nin optimal pH-1 5 tayin edilmisdir. pH-1n 5 qiymatinds sorbsiya daracasi 93%

olmusdur.
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Sak. 2. ZnAl qarisiq oksid/PVS-in vo Pb (II) ionlariin miixtolif pH-larda sorbsiyasindan
sonra qadagan olunmus zona enerjilorinin toyini.
A) ZnAl qaris1q oksid/PVS; B) pH=2; C) pH=5; D) pH=9

Miioyyon olunmusdur ki, sorbentin miqdar1 artdigca sorbsiya doracasi do
artmigdir. Nanokompozit sorbentin sorbsiya ii¢lin optimal miqdart 10 ml moh-
lulda 0.05q tayin edilmisdir. Pb* ionlarmin mohlulda ilkin qatilig1 da sorbsiya-
ya kaskin tosir etmigdir. Adsorbsiya izotermlori qurulmagla Longmiir, Friendlix
va Dubinin-Raduskevi¢ (D-R) modellorina gora sorbsiyanin mexanizmi aras-
dirilmis, naticalor cadval 1-do verilmisdir. Cadval 1-don goriindiiyii kimi sorb-
siyanin mexanizmi Friendlix modelino daha ¢ox uygun golir. Bu models asason
sorbentin sothi heterogendir, onun sothinds olan aktiv morkozlor miixtslif ener-
jiya malikdir vo sorbsiya olunmus hissaciklor do aktiv morkaz rolunu oynaya
bilor.

Cadval 1
ZnAl qanisiq oksid / PVS nanokompozitinda Pb*" ionlarmin sorbsiyasi

iiciin izoterm parametrlorinin tayini. T=298K
[zoterm modellari

Longmiir Friendlix D-R
Umax, Ky, L/mg R K R’ B E, R’
mq/q kJ/mol
1000 6.13-10~ 0.909 5.635 0.964 0.538 | 0.964 0.720
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Sorbsiya prosesino temperaturun vo zamanin tosirini aragdirdigda molum
olusdur ki, ilk 20 daqigads vo 293K temperaturda sorbsiya doracasi maksimum
olmusdur (R=~97%). Lakin stabil hala 180 doqiqodo catmisdir. Temperatur
333K-o qoder artirildiqda ise sorbsiya ani olaraq ilk doqigelorde maksimuma
catmig, sonra adsorbsiya = desorbsiya proseslorinin intensivliyi artdigindan
sistemdo geyri tarazliq hali yaranmigdir. Bu da nanokompozitin torkibindoki
polimerin temperaturun tasindon genislonmasi va ionlarin bir qisminin (fiziki
adsorbsiya ilo sorbsiya olunmus) mohlula gayitmasi ilo izah oluna bilor. No-
ticolordon goriindiiyli kimi Pb®" ionlarinin ZnAl qarisiq oksid/PVS nano-
kompozitinds sorbsiyanin otaq temperaturunda aparilmasi daha olverislidir.
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Sak.3. ZnAl qarisiq oksid / PVS nanokompozitinds Pb*" ionlarinin sorbsiyasina
temperaturun vo sorbsiya miiddatinin tosiri.

Sorbsiyanin kinetikasinin miioyyanlasdirilmasi tiglin alinan tacriibi natice-
lor psevdo birinci doraco vo psevdo ikinci doraco kinetik modellarilo islonil-
misdir. Psevdo birinci va psevdo ikinci doraco kinetik model uygun olaraq (5)
vo (6) diisturlar ilo verilmisdir.

In(q.. — q¢) =Inge — k4 t %)
t [ 1 t
; - [kzqg] + de (6)

Burada, qrt zaman miiddstinds sorbentin sorbsiya tutumu (mq/q), Qe—
sorbentin tarazligda sorbsiya tutumu (mgq/q), t-—sorbsiya miiddati, k; vo k; —
uygun olaraq psevdo birinci vo psevdo ikinci doraco kinetik modellorin siirat
sabitloridir.

Cadval 2
ZnAl qanisiq oksid / PVS nanokompozitinda Pb*" ionlarmn sorbsiyasi
iiciin psevdo birinci va psevdo ikinci doracs kinetik modellardan istifads
etmakls kinetik parametrlorin hesablanmis qiymatlari

T, K e, exp. Psevdo birinci doraco Psevdo ikinci doraca

kl e, calc. R2 k2 e.calc. R2
298 245.33 0.049 19.3 0.884 0.00048 250 0.993
313 1599 0.008 911.3 0.859 0.000031 1562 0.950
333 161.23 0.024 1.63 0.919 0.0012 111.11 0.981
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Cadval 2-don goriindiiyli kimi psevdo ikinci doraco kinetik model iigiin
ge -nin hesablanmis qiymati tocriibi qiymetine daha yaxindir vo korrelyasiya
omsali (R?) yiiksokdir. Géstarilon prosesdo psevdo ikinci deraco kinetik model
sorbsiyanin mexanizmini izah etmok {igiin daha uygun kinetik model olmusdur.

Sarbast Gibbs enerjisinin doyismosi (AG®), entalpeya (AH®) va entrapeya
(AS®) adsorbsiya prosesinin 6z-6ziino getmasini izah etmok figiin on vacib ter-
modinamik parametrlordir. Adsorbsiyanin sarbast Gibbs enerjisi (7) diisturu ilo
tayin olunmusdur.

AG"=AH"-TAS"® (7)

298K vo 313 K temperaturlarda AGe qiymotlori uygun olaraq -6,737
kC/mol vo -3.405 kC/mol olmusdur. Sarbast Gibbs enerjisinin manfi qiymot
almas1 prosesin 0z-0ziina getmoasini ifado edir. Lakin 333K temperaturunda
AGe qiymoati 1.038 kJ/mol olmusdur. Gibbs enerjisinin miisbot qiymot almasi
adsorbsiyanin reaktivlori mohsula ¢evirmosi ii¢ilin enerji talob etdiyini gostarir.
Hogigoton do bu temperaturda desorbsiya prosesi bas vermisdir. Ovvalki islor-
da do sorbsiyanin 323K-don yuxari temperaturunda Gibbs enerjisinin miisbot
gqiymoat almasi gostorilmisdir [17]. Entrapeyanin (AS°) qiymoti vo isarasi ad-
sorbsiya reaksiyasinin mexanizminin assosiativ vo ya dissosiativ formada ol-
masini gostorir [18]. Bizim tocriibodo AS°-in qiymati monfi olmusdur, bu da
prosesin assosiativ mexanizmla getdiyini gostorir. Entalpeyanin (AH) qiyme-
tinin 72.938 kJ/mol olmas: fiziki sorbsiyanin getdiyini gostorir.

Homginin sorbentin regenerasiyasi da islonmisdir. Miioyyan edilmisdir ki,
sorbsiyanin 9-cu dovriindo sorbsiya doracasi 63.177% olmusdur. Bu naticoni
adsorbsiya markazlarinin qismon doymasi ils slagslondirmok olar.

Toqdim olunan tadqiqat isi Baki Dovlat Universitetindo kimya fakiiltasindo,
YMB kimyasi kafedrasinda Universitetdaxili 50+50 Qrant layihasinin dastoyi
ilo yerina yetirilmisdir.

ODOBIYYAT

1. Mészaros S., Halasz J., Konya Z., Sipos P., Palinko I. Reconstruction of calcined MgAl-
and NiMgAl-layered double hydroxides duringglycerol dehydration and their recycling
characteristics / Applied Clay Science, 2013, Ne80, s. 245-248.

2. Qiu L.Z., Chen W., Qu B.J. Structural characterisation and thermal properties of exfoliated
polystyrene/ZnAl layered double hydroxide nanocomposites prepared via solution
intercalation //Polymer Degradation and Stability, 2005, Ne87, 5.433-440.

3. Becker C.M.,Gabbardo A.D., Wypych F., Amic S.C. Mechanical and flame-retardant
properties of epoxy/Mg—Al LDH composites // Composites Part A, 2011, Ne42, 5.196-202.

4. Cai D.Y., Mo S. Recent advance in functionalized graphene polymer nanocomposites //
Journal of Materials Chemistry, 2010, Ne20, s. 7906-7915.

5. Liu J, Richard K.K., Yuen, Yuan H. Tunable Properties of Exfoliated Polyvinylalcohol
Nanocomposites by In Situ Coprecipitation of Layered Double Hydroxides // IOP Conf.
Series: Materials Science and Engineering, 2017, Ne241, s. 012001-4.

6. Liu G., Chai X., Shao Y., Hu L., Xie Q., Wu H.Toxicity of copper, lead, and cadmium on
the motility of two marine microalgae Isochrysisgalbana and Tetraselmischu // J. Environ.

34



Sci. 2011, Ne23, s. 330-335.

7. Kolluru V., Pal D., John A., Ankem M.K. Induction of Plac8 promotes pro-survival func-
tion of autophagy in cadmium-induced prostate carcinogenesis // Cancer Lett. 2017, Ne408,
s. 121-129.

8. Hu X., Fernandes J., Jones D.P., Go Y.M. Cadmium stimulates myofibroblast differentia-
tion and mouse lung fibrosis // Toxicology 2017, Ne383, s. 50-56.

9. Xia Z., Baird L., Zimmerman N., Yeager M.Heavy metal ion removal by thiol functiona-
lized aluminum oxide hydroxide nanowhiskers //Appl. Surf. Sci, 2017, Ne 416, s. 565-573.

10. Nemati M., Hosseini S.M., Shabanian M. Novel electrodialysiscation exchange membrane
prepared by 2-acrylamido-2-methylpropane sulfonic acid; heavy metal ions // J. Haz.
Mat.2017, Ne337, s. 90—104.

11.Guo J., Kang Y., Feng Y. Bioassessment of heavy metal toxicity and enhancement of heavy
metal removal by sulfate-reducing bacteria in the presence of zero valent iron // J. Environ.
Manag, 2017, Ne203, s. 278-285.

12.Fang L., Li L., Qu Z., Xu H., Xu J., Yan N. Bioassessment of heavy metal toxicity and en-
hancement of heavy metal removal by sulfate-reducing bacteria in the presence of zero
valent iron // J. Haz. Mat, 2018, Ne342, s. 617-624.

13. Dinari M., Ahmadizadegan H. Synthesis, structural characterization and properties of
novel functional poly(ether imide)/titaniananocomposite thin films //J.Polym. Sci. 2014, Ne
55, s. 6252-6260.

14. Venkatesham V., Madhu G.M. Satyanarayana S.V., Preetham H.S., Adsorption of lead on
gel combustion derived nano ZnO // Chemical, Civil and Mechanical Engineering Tracks
of 3rd Nirma University International Conference on Engineering, 2013, Ne51, s. 308-313.

15.0h W.D., Lei J.X., Veksha A., Giannis A., Lisak G., Chang V.W.C., Lim T.T. Influence of
surface morphology on the performance of nanostructured ZnO-loaded ceramic honeycomb
for syngas desulfurization // Fuel, 2018, No211, s. 591-599.

16. Elkady M. F., Hassan H.S., Amer W.A., Salama E., Algarni H., Shaaban E.R. Novel Mag-
netic Zinc Oxide Nanotubes for Phenol Adsorption// Mechanism Modeling. Materials,
2017, Nel12, 10

17. Aydin Y.A., Aksoy N.D. Adsorption of chromium on chitosan: Optimization, kinetics and
thermodynamics // Chemical Engineering Journal,2009, Ne151, s. 188—194.

18. Saha P., Chowdhury Sh. Insight Into Adsorption Thermodynamics Thermodynamics Prof
Mizutani Tadashi (Ed.)// ISBN: 978-953-307-544-0 InTech Available from: 2011
http://www.intechopen.com/books/thermodynamics/insight-into-adsorption-
thermodynamics

NMPUMEHEHWUE HAHOKOMITIO3UTA CMEIIAHHOT'O OKCHJIA
ZnAl/ TIBC JI51 COPBIINA NOHOB Pb**

0.0.BAJIAEBA, A.A.A3U30B, M.b.MYPAJ1IOB, PM.AJIOCMAHOB,
I''K.MYPCAJIOBA, K.C.PATUMJIN

PE3IOME

HaHOKOMMO3WUT MUHK-aJIIOMUHNAN CMEIIaHHBIA OKCH]T / TIOJITMBUHHIIOBBIN criipT (ZnAl —
cmemansbiit okcu / [IBC) cuntesupoBanu MeTo0oM cohopMUpOBaHUs - coocaxacHus. Kpuc-
TaNIMYECKYIO CTPYKTYPY M ONTHYECKHE CBOMCTBA MOJYYEHHOI'O HAHOKOMIIO3UTA UCCIEI0BATN
METO/IaMH peHTreHoBcKol audpakromerpun (XRD) n ynbrpaduoneroBoil BUAMMON CHEKTPO-
ckormmu (UV-Vis) coorBercTBeHHO. COTNIaCHO pe3yiibTaTaM PEHTTCHOCTPYKTYPHOTO aHAIIH3A,
CpeIHHI pa3Mep HAHOYACTHIl cocTaBisul 7-10 HM. B 3aBrcHMOCTH OT mapaMeTpoB COPOIIHH,
HccieIoBana copOLHs HoHOB Pb>" B3 BOMHOrO pacTBOpa HAHOKOMIMO3MTOM ZnAl - cMemmaH bt
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okcup / TIBC. Ha ocHOBaHMM pe3y/bTaToOB MCCIICAOBAHUSI YCTAHOBICHO, YTO MaKCHMasbHAs
2+
3¢ (eKTUBHOCT MMOTIIOMICHUS] HAHOKOMIIO3HTA JIJIst HOHOB Pb™" coctaBisiet 97%.

o o 2+
KaroueBsbie ciioBa: ZnAl - cCMCIIaHHBIA OKCHJ, TIOJMBHHUAJIOBBIA CIHUPT, HOHBI Pb™,
copOmus, HAHOKOMIIO3UT, CTPYKTYPHBIC CBOMCTBA.

THE APPLICATION OF ZnAl - MIXED OXIDE / PYA NANOCOMPOSITE
TO THE SORPTION OF Pb *" IONS

0.0.BALAYEVA, A.A.AZIZOV, M.BMURADOV, RM.ALOSMANOV,
G.Q.MURSALOVA, K.S.RAHIMLI

SUMMARY

Zinc-aluminum mixed oxide / polyvinyl alcohol (ZnAl - mixed oxide / PVA) nano-
composite was synthesized by the method of formation by co-precipitation. The crystal struc-
ture and optical properties of the obtained nanocomposite were investigated by X-ray
diffractometry (XRD) and ultraviolet-visible spectroscopy (UV-Vis), respectively. According
to the results of XRD analysis, the average size of nanoparticles was 7-10 nm. Depending on
the sorption parameters, sorption of Pb*" ions from aqueous solution with ZnAl - mixed oxide /
PVA nanocomposite was studied. Based on the results of the study, it was determined that the
maximum absorption efficiency of the nanocomposite for Pb>" ions was 97%.

Keywords: ZnAl - mixed oxide, polyvinyl alcohol, Pb*" ions, sorption, nanocomposite,
structural properties.
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