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Synthesis and characterization of Zeolite-4A for heavy metal adsorption
Somsuk Trisupakittil* Sarin Thongthummachat® Watchara Senajuk > Chompoo Nuasri ¢

Abstract

The principal mineral in clay is kaolinite having a chemical formular Al;03.25i0,.2H,0
and the structure consists of a single silica tetrahedral sheet and a single alumina octahedral
sheet combined to form the clay unit layer. The purpose of this research was to synthesize
zeolite-4A from the natural clay in Thailand via a metakaolinization and zeolitezation process.
The sample used was natural clays from Ranong province. About 600 ¢ of clay was calcined at
400-700 °C for 3 h. About 500 g of the metakaolinite was dissolved in 0.5-3.5 M NaOH followed
by ageing at 70-90 °C. Both of the raw materials and the final product were characterized by X-
ray Diffraction (XRD), Scanning Electron Microscope (SEM) and X-ray Fluorescence (XRF). The
experimental results were showed that Ranong clay consisted of kaolinite. The zeolite-4A was
cubical edge and the crystal size was estimated to be 2 um; and clay consisted mainly of silica
and alumina. It can be concluded that clay used as raw material in this experiment is the
kaolinite that as the zeolite-4A which was prepared from clay by activation treatment using
sodium hydroxide under the proper condition. The optimum parameters can be prepared
zeolite-4A from clay by ageing at 90 °C for 3 h and crystallized at 600 °C for 3 h. For adsorption
characteristic of synthesized zeolite-4A, adsorption percentage of lead cadmium and copper
were 97.01 96.95 and 97.12 respectively.
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#ur (kaolin) LudngAvysssumAfiansonuldlulssmalng dawlugnisihauen
TWlHuselomidurinegiiioduisnsgramnssnesfing uwilutagiufuemldidnduidunum
Tugnanvnssudug o1ty graimnssuens watain & s ta3esdro1a Taanulu uaglviues
Jestuanudou Wusiu lngannisfinwandfvesdiurninui Aurniesduszneunandudaniuas
ozgiun Taanansalldusglovilushudueg 168nunnune (S. Chandrasekhar et al., 1997 ; Eze k.
A etal, 2012)

desesdusznoundnvesdleladduiudaniuarergiunuieaiviuen feuded
arnadululdishivrmunliduingivlumsduanesidlelad damsduaneidleladanfuunidy
fulunsiiuyarvesiurnladnmanis Tnsdleladinualudwndeduas fusslovinisldan
fivannvany erfiiu 1duasgadu (adsorption) ilunisuanideulessy (on-exchange) uazidu
fussufizelugramnssuiaiiuazdlnsiadiineg 1wu nmsdsuleluimes (somerization) nsifuvy)
uoana (alkylation) tu@u (S. Chandrasekhar et al., 1997)
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¥933an1 uazezgiurfiunndafueenly lidreziduarsazaelafondainn uazarsazanslufeon
ozgiiunlagnss uioaningiumdsliangnamnssuussiandug 1wy iunauuazidasea Ly
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anlud WWudu Fefuiufunslivsdleninndundeldinaiuldodnsduen uenmileluandunisii
"'meqﬁuﬁﬁasﬂuﬁiimwa Wy wsiolwulny (serpentine) twelss (perlite) wazAuaniunldlunns
Fuaseifidudnmadenniaiivaglunisifiuyarvesingiuiifeglusssumninagludsemalsdu
281911 (Eze k. A. et al., 2012) ImS%Iaiaﬁ?il,aﬁlé’mﬂmié’qwmxﬁﬁwi’mqauﬁqﬁﬂénm%ﬂqﬁu
anmnsoiluldvsslosdlunsidslansminluszuutiminde violussuurhenudusuugadudld
finsAnulusUuuuredluaanoufinnosiiunnue wedilaudfuarliussansamlunsldoudls

unneneanudleladinsanienisaidnsie Jalil R. Ugal et al,, 2010 ; D. Georgiev et al., 2009)

IUILEIAYRINITITY
WinAnwaudiniwaivazniennvesdleladde NEWLASIZRLAINNAUINISITUYVR kAL
Anwiuseansnmnisgedulaneninvesdleladdienduasgild

oA AUNISIVY
1. m3daaszidloladae
nszuIuNIsEunTIzialeladdioainiueny mudsves S. Chandrasekhar et al., 1997
Usynauniy 2 %umau A® metakaolinisation Wag zeolitisation Imasi'?umauﬁum metakaolinisation
LﬁumiLmﬁumaﬁqmmﬁﬂizmm 400-700 perlwaLTed ﬁ]%Lﬁﬂﬂ’]iLUgEJmLUmgTJNgﬂVI’NIﬂN?{%J’N
willdndnfiGendy wainnau (Meta-kaolin) faaunisii 1 Ualil R. Ugal et al., 2010)
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2ALSI05(0H)s — 2ALSiO7 + 4H0 (1)

dduneu zeolitisation Wudunsunswesuluguvesdlelad nelufoulesouazunsn
Wihlveglulassasrawdnuminidu fwunisn 2

6ALLSIO7 + 12NaOH —> Nai(AlO2)12(Si02)12.27H,0 + 6H,0 (2)

fupoumsdanseiildlnsiAuemiigungd 400 ssmiwadea Wuszezinm 3 dlug
sgldRumnnalud (Metakaolinite clay) ndsantuiAuuanialus 500 nfu naufvaisazane
Twifeslensenladnnududu 0.5 Tuars Usums 2.5 a3 figuvgil 70 ssmwaldea Wunan 3 $alu
nses &rmenouietnduaudunans uasihneneufildlueuinamaf 100 ssmwadea e 24 Falus
vhnsdunsiesiguiing1nun uildsuannsdideanisiwion 1iua nswiAuwaiigamgil 500 600
way 700 asAwalded avuidutuvesasaranelufevlansenled 2.5 uay 3.5 lwa1s uazaaumaiives
N3N 90 BeA AT

2. MIBANZRauURvadEa1IRI981

wdosdloflilumslinseinuaudivesasiieds dxwiolul

wionendusdanusnladimed (Xray Diffractometer : XRD) AldAaseilusuddod
\Jusu D8 w83 Bruker lnewnalia XRD unsinwilassasimanvesensiiogng

inseendisdvigeatsatvudaiunlnsdines (X-ray Fluorescence Spectrometer : XRF)
AinsziluniAdoiidugu AXS SRS 3000 w84 Bruker Ussimasosiu Sanada XRF luiedosilef
THlumslinsgimuiinavesinuassmesiusznauiifiogluasietng

\n3osaunufiadidnmseululaalay (Scanning Electron Microscope : SEM) #ild3iasngst
Tusuideiifusu Leo 1455 850 vPinafin SEM L Tuiniosfiedldiinseidnvuzdugiu
(morphology) LazUuInYeIaIIAIBLIN

Lﬂ%‘laﬁmﬁuﬁﬁ?LLasmmﬁugmu (Surface area and porosity analyzer) Juedesiled
MiloTnszsdituiing (surface area) YUIAFNTU (pore diameter) LarUINNTINTU (pore volume)
memadansinnisaadululansiau (N, adsorption-desorption measurement) Inga1@unann153s
¥4 Brunauer-Emmett-Teller (BET) mideilldindesie Chemisorption Analyzer 8o Micromeritic
3U ASAP2020
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AMUUNLIANLNANULIUTUVDIATAL A8 aNEUTNUNIATIEVUS U UL aTENUNAI8LAT BIDABUTN
uougasnduaunlnsalall (Atomic absorption spectroscopy, AAS)
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2. sUhwdnvashiurauardleladdie
idlefinnsanaindnuazlasainaganinvesiusnissusssudusie ndosganssal
BlannseuNUUERINIIA (Scanning Electron Microscope ; SEM) agifiuinAusniseusailuandnuus
DuusuiidaiFesiadeutudutug nmdl 2 @e) wanidlefinnsungunsmanvesdlolandefindenls
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Fuasvidloladdte loud 1) gaungfivasnsidsunaudumminau (metakaolin) igaumadl 400,
500, 600 LA 700 a3FLwaLTea 2) gaungiinisduasizidleladaie flgumad 70 uaz 90 oA
walded 3) Anudutuvesaisazarelaionlansenled 7 0.5, 2.5 uay 3.5 luand uaznalunisin
UAAsend 3 Falus Aurndfitunduasegidleladdieidufuriiszues 1610 Mineral Resources
Development Co.,Ltd. mnmsim3'1vﬁﬂ%mmﬁmaaﬁﬂivﬂaummﬁuﬁunivuaqmmim%mmvﬁlé’ﬁaa
wAtla X-ray Fluorescence Spectroscopy (XRF) wuandiusuna@ani (Sioy,) awam Anlufeway 52.2
Tneniwen sesasn fe a¥giiun (ALOs) uaﬂmﬂuumwummamﬂivﬂauauﬂ UgUwdnties a1y
Immawauaaﬂlsm (K:0) wineenlas (Fe,05) rauiasoanlas (CuO) wazdalnosinseonlas (SO,
Fan51991 1 nsiiduenunduaszidleladdienserlalaenislianudousuiuen QaunNYil
$¥WINa 500-700 BsmwaLdea wui Auvadsudumniniay luminnauesnouvesegiitiey
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A15199% 1 99AUTENOUNINLATIVBIAUVIITLUDS

E]\Tﬂ‘lligﬂ@ll SiO; AlLO3 SOs3 KO Fe,O5 CuO
Sewazlaauntn 52.2 43.3 0.36 218 1.61 0.25

AW 3 Wwana XRD patterns vostleladdiofinIouldnnfuvnsyussiigniniigunad
400, 500, 600 uaz 700 earnisalTya meldteulvlunsduaseiiAeaiu Anrnduduvessazae
Twidvalansenled 3.5 Tuans gumgiiveanisdauasizht 90 sarmiwadea 1unan 3 §alus awuiuledn
XRD patterns aanal (500, 600 way 700 ssAwaides) Wudleladdidlodiouiuiloladaiodndds
dovmaiildnmsdueneilumiesavvemandleladie wuth Sovazvesndndlolasdielaetwiin
u 71.47, 84.71 uaz 84.49 figamgivesnisund 500 600 uay 700 ssriwaida awady Tuvay
ARuvnsTURsTiunTnAigumgll 400 ssmwaldea luawnsaduaszidleladdiold 1iesan
gumpifananldarunsaddsuniduluidumniniauld 1Wisuifisudu XRD pattern v89AuY12
szues lunmdl 1 wuiiliuansnaiy
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0 5 10 15 20 25 30 35 40 45 50 55 60
2 Theta

A7l 3 XRD patterns vos@loladdoivioulaanuaiu1nszues
gniNfigaumngi 400, 500, 600 uag 700 BIALTALTYA

Al 4 uana XRD patterns vedleladdofiwdauldainfuviszuesiinududuves
asazanglaneulansenlan 0.5, 2.5 way 3.5 lwais Audau ﬁqmmﬁ‘uawﬁﬁ%m 90 peAALTYE
Hunan 3 Falus wuiudlernududuresasazasludenlensonladgeiu shsnsiadleladdie
Wity Wnefieududu 0.5 Tuans sdndovendeilégilivnngduileladdie dunrnududuves
aazaelaideslensenledd 2.5 uay 3.5 luand wundnvestloladdeiiusuniesavvemandlelas
deuiu 70.29 uay 84.49 iy
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Intensity
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I ) ] P A a £ o a o & 2 X % ~ o I3
Wwnan 3 9ilus aziulddeungliiududnsinisiaglelad deiau Insfovarvenandlelad
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Intensity
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-195 aapiwaldea Aeia3edile Chemisorption Analyzer 8vie Micromeritic U ASAP2020 Feauldig
wyuiiasan loun Nuiiis (surface area) Ingldaun1sves Brunauer Emmett Teller (BET) USu1m33
WU (total pore volume) lag¥adi P/P = 0.97 WaZUUATHTURAE (average pore diameter) &4

AUININAUNT (AxUTAATINTUTIL)/NUTEN
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Applied Chemistry) FaLdulelawme fuiiuansdnwaznisgaduvesingaduiisisngu anlelewmesunis
gaduufalulasiauanunsadnmauiisnguvesdleladdield annsieszinuindloladaied
dpmeildiiuifadinie U31nTIngus wasidusingudnanaindsvesgngu Wiy 6.14 ans1g
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Tanz narlumsaadu (uii)
30 60 90 120 150 180
uAALIlEY 96.95 97.12 97.23 97.34 97.30 97.24
NDILAY 97.12 97.25 97.37 97.51 97.47 97.33
A 97.01 97.19 97.31 97.45 97.39 97.29
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UFATen dldansavaneludenlensonlediaududunn Snsnaindlelad Aleasiudu waz
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