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Abstract

The aim of this thesis is to enhance an efficiency of titanium dioxide (TiO,) derived from
natural ores by acidic leaching process using as coating material on ceramic tile. This research
focuses on the synthesis of titanium dioxide from natural ores with major compositions of
Titanium (Ti) Iron (Fe) and Oxygen (O) element. The acid leaching process was carried out in
combined with high energy ball milling. Leaching parameters in this study include acid
concentration, retention time and retention temperature, respectively. After leaching process,
leach solution was characterized by Inductive Couple Plasma (ICP) technique to measure the Fe
contents extracted from natural ores, meanwhile crystalline structure and optical property of
leach residue were characterized by X-ray Diffraction technique and diffuse reflectance
spectroscopy, respectively. The crystalline structure of leach residue is mainly found to be Rutile
phase and its content is greater than raw natural ores based on the calculation of peak intensity
ratio between the interested peak and neighbor peaks. Photocatalytic property of leach residue
was observed by decomposition of organic dye under light irradiation using leach residue as
photocatalyst material. Enhanced efficiency of leach residue for photocatalytic activity was
obtained under visible light irradiation due to the influence of Fe remaining composition in leach
residue behaving liked natural Fe dopant. The synthetic TiO, was used for coating material on
ceramic tile by dip coating method. The self-cleaning property of ceramic tile coated with

synthetic TiO, was investigated by mean of hydrophilic property using contact angle measurement.

Keywords: Natural ores, Titanium dioxide, Leaching, Dip coating, earthenware tile
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M1517 4.4 ssduszneumaniivesnsuilesfiurnnisumesaunalnmieulneanlynd
ANPAINTITIUTIR LAY AIUTLA I UNLANAIITUTA VAU e 73
dl 1 U U %2’ dal a dal a dl d‘ 1
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1.1 Auuazmnudf

o

Tuilgtuulumeluladlfidandunumludinsss fuiunniulusumsiaumeluladiie
Wunsnevaussnuaudenisvasysdlneinisifaguilunisgun Yszenaldlunisindesvauy
gunsaliedosldeingg ilaiulssdninmuendesiiodu uarlnmieylasenlefliiutaguiluyia
wsnqfigninnuszgndldiieiduntsifiauszansameesiuau esanantiduvoslnmioula
ponlefinning 1wy FsauATendeuas (Photocatalyst) n13duguunise(Anti-bacteria) uazn15vi
A1NaEB1AR LD (Selfcleaning) LTudy Vildlmmdeulaoenledgninluusegndldianiadu
9AAVNTTUAIMD AuUNITUNNG Laziundsunauny 1Wudu uenanasuszgndirlniniiesle
sontealuldlugnamnssutieduudy falinsihlnmllsulaeenledluuszendldlunseuiunisindou
nzLdosRuI LﬁaL*‘f;JumﬁU%’Uﬂqq@mmwmmmmﬁaqmﬁauamm Tngauitedandunmsidoied
nsUsuUgeUszAvsninmaslmndeulneenlesnussssumfiioldfuTaglunaindounsudosiumn

3 o

WinlvnszilosRuindiandfnauindud 1 nsuauideiiduazidunisiivuszansnwaasmmdeule

sonlealrdanunmuluannyiaaumgiiadavefoaudfinuvedaseaiiaging (Rutile) Fadulpssasna

9

faal va o ! aaa d

vilsveslmmionlaeenledifautinmuluaniizfigumgiias memmauummLiwgmmmqLLm
gTeE y

vodlmmieulasenled erdemsirlninideslneenledisasslassadisiuvinduiaguay o
SanduimnzauivilianusznevveslmmieulnoenlediianUaidusisal Ao naluaned
O RRGRE

Inndlewlaoenlud(Titanium dioxide : TiO,) 3o lnmuile (Titania) \uansusznaveenlud
vadlave lngundanunsanulninilloulaeenledlusssuvialates wiasnuluguvess 1y ilmenite
ua luexocene Tnglnmiieslanonlsdasiidnaslasasneiiugiu 3 Uuuu 1éun sunma (Anatase) §
nd Rutile) wazugalant (Brookite) lnglnimiluulneenlydunazlassadsnvedidnuvasmenenin uaz
audAumnaafuly Tneaeillassadafid e sulma (Anatase) waz3lnd (Rutile)

Tusssupdisannsanulnndeulaoenledlugiveaussssuyd wu dawludlmenite) uag g
TnFu(leucoxene) Famsftaziilnmideslaoonledesnunld Gesmiuatniismuudeudueenainus
Tnousdawludivsznavdelnmieylaoonled 40-65% deusualmmieulaeanlasiueg fuudas

a = Y v 1% < = A v = 1 a ¢ = o
QilnANnULITY wardiusenaumenin dadulansevuiulnmdeulaeenlanluusgladaulug ged

ansLAlAoFeO-TIOW38 FeTiOs uavusgladu (Leucoxene) {WuusAnINNMsIURBULUAITRY UIDaLY



Tug Feillmmddenlaoenledidudiuusenouannnin 65% lnedansmaaife Fe,05nTiO, Waganu15e
wudgtuegfuussmdurluduiiuvietunsne Tuegfuusasiiuiiganulunssuaunisdaiasiei
Tnmdsulasonledanussssumavawlud dedldnszuiunsilenalunisduasesiiemndunszui
fienazannsadanszilnmioulaeenledldludaiivn wanduidsmsilddudeulaenszuiuns
Fuaszilnnfeulesenlesiinszuiunisnind 4
Tunszurumsdanssilnmdoulaosnlenanussssusasawluiisudulnensiuisssuensa
wilug undnsgurunisualball milling) Wiatfunisanvuinveswsdaiulug mﬂﬁ?uﬁaﬁmmm

N5¥UIUNTSYE (Leaching) Meansazatensauduiiouilanguuleusenainusdawmlus wazinlumn

'
= =

ninfigamgianeietnsigiiovueen wasidsulassadrelndulnmidevlasenledlmduniuy
lassaseuma wagglnanisseanissalunsuiuugussavinmvesgledudwiviluianniouas
VuRINIELoRUN

msUssgndldeunmalnmdoulaeenlednainainussssummduiagadevasuunssiiosdumtu (Ju

Y v

nsunlsgansamlnnuianTuiunssilashiuen Inenisindovagyimanateynalnmiieulaoanlys

'
[

PAWATILHAINWITITUBIR WNaNNUFIUTEE1U (binder) TudnsidruNmunzauwaunluindauasuudu

[
[

nsziloafumn tngardenszuiunisquindeu LWAElunIswwdauTuay dmiun1sinssnuay
nsziloshumaginnistihumageulngaznagevauiinaruseaun (hydrophilic) kazaaiuliveuun
(hydrophobic) Ingagnaaeunie3zn1singuduia (contact angle) ¥nINenuAINsELUDINAT DY

Tnmdleulaeanlon AURIVBIMEAUIULTUINUY

1.2 IngUszataanisy

1. Anwinszuaunisduaszieynialnmilloulaoenledainussssuwd aaeisnsainveuds
VAN NTONTUE

2. Ainwdladefdsmadenszuruninwiaslnndeilasenledanussssuudsonssuaunisada
YouT oA WU ANUdLesEIsatefildlunsans, gaumnniivaieynUATeINsve uay svezanly
MSYNUNATeN

3. AnwautRveseunalmnideulaeonledfiainainuisssurddenssurunisadiavosuds
YDUVMAITINAUNTLUIUNITUANG U IEANUDR

a. Ainwinszvaunisindeveunmalnnideylaeenlafasuunssdosfumiymdandieisnigga
WGy

5. AnwauAniinduresiufintununssosiumnymdseniigniadeussoynialmndeule
oonledilinnsatinanussssund



1.3 98ULUANTTIY

1. wssneynaulufidimienlasenledlussdusznevanuidawlud wazusgladulag
N3EUIUNTANAURULTWBLAAT

2. TngsidnuwazianzveseymauilufidlmmioslaeonludiJussdusznouiiatnlianusg
553UIA 1y Snvazdugy, Anulundn wazandivnaeas [udy

3. mATimUTInaman wagbimidouluasazaneiignainesnuinanuanisssuvAse
wAllA Inductively Couple Plasma Mass Spectrometer (ICP-MS)

4. Anrwiauiinndnvesgladuiiainnnuissaumidemaiamaionvuresisdiend (x-
Rays Diffraction spectroscopy: XRD)

5. WnnwinUiinusinluussssnnd werlnmileulaeenlediadnainusssmmasomaia
Energy Dispersive X-Rays spectrometer (EDX)

6. ndevounewluiidnndenlaeenlesdildannisnsen awuinszidesiumfeisns
JuARaY

7. Annevandidnsvesnssdeshumniiadoudisoynialmmiieulnoanlesdildan
NIEUIUNITIUATOU WU autfnIawas audAniandn anvardugiu wavsmesiuszneu [Wusu

8. Annwiautiauveuihuesiiuinsudesiiedeulnnienlaeenlediiaininussssun
éhsjLwﬂﬁﬂmsi’mué’uﬁmawamﬁ'] (Contact angle measurement)

9. TnsgviauiAdssufisevasmndeulaeenleduuung uasuvuiindeuasuuunsioes
AUKINEIAPIETBNIANWINSHaUaae Edaudunsgnelduas

1.4 Yselowiiianainaglasy

1. fanuduagiinueiieatunszuaunsnsisieniaguluiifilnndeslaeenludidy
asrUsEnauNLIdalluduazusglady

2. fiewdmnuienudilafeafunszuiumsveieasuszneunaslsd Tunszuaunsisden
Samunluiimdenlaeenladiduosduszneu andauilud wazusgladu

3. Sinwemslinsgsiaut@sseseynaiiniesldanussssnd 1w lnssadandn dnvas
dugnu ssrUsznounil uazautRniwas Wusiy

4. ftowrlunssuiunmsiuedouresoyneuiluiiedenanudssaued asuianssdeshumn

5. fifnurlumsiinseautinnuveutimesiuinnsdosindeulnndeslnesnlediiadn
ﬁ]’mLLi'ﬁiiaJﬁmmmEJLVIﬂuvﬂmimagmmasuawmm (Contact angle measurement)

6. Tinwznsiemsiandisisaiitoeseumauluidlmnideilaeenlsdiuesduszney

LUV LaZNAADUAIUUTUNSLLU D9RUKIAI8ATNNSANYINISEaudanedd audunsgn1elinisanewkas
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2.1 Tanlmndeulaeanlen
Tndlesilaeenled fignsnaeiife Tio, WumsUsznoulavzeanles ieduasusznauis
TavefiAnanmsviufisersenislanglnmdey (M) Sadulangnsndduivelanzoondiau (0) nwuls
Tusssurdnutuiuauiulusuresusiinszasegialuludenlanuagssdnng daluajandusind
wardauilud uardmuluddPimfeunnedn fu widsh uasiu lnndeslaeenledgninnyszgnd
9190311992719 i M dudindevesgnainnssudnitiou uasiedeudadiuwuaiidelugnaivngsy
de, Mluarsannuiiedesiulsalunianisinens wsoldludussufisowvulduastudiumieglu
gnamnssuAsndon ud
2.1.1 audveslmnlleulasenlyd
1) auufnanienInsazLall
lmiilvalasenlesdiignsluanadio Tio, lngiluagnuidudnvarveudedyn &
thwiinluana 79.87 nfuselua wazdiaumuiutuiiiy 4.23 nfudegnuiafivufiuns
dnlunnanticuguvgilinmifoulnoonledaziiyanasumand 1870 ssriwaldos uaz
faiion 2927 eerwaldea wazaudanuaiveslnnideylaeenlenmeliaiuisaavaiy

9
(%

Wilglifienundufiv hignfalw wazgaunsanusioaudunsanislss
2) AUURANIUAS
Inndleslaeenlyadanuugiivuas dauauisalunisganfuuadegilon

Hosnndaifnvmesuaguililiifanmeariurowuas Snvidsdanautiduansis

i iAveawaundsudesiuyiniu 3.2 Bldnaseuliad
2.1.2 assaandnvaslniielasenlyd

lnmdeslaeenlodilasairsndniiunnsiiedu 3 sUnuy fe suwa slnd uazusalad

nanafasUT 2.1 Tssaandnuuvsuimanazsindiilassairendnuuuiansglnuea (Tetragonal)
duusaledilassasreuuvueasissouda (Orthorombic) nalassadisUsenauduanmineiugu
sUnsauUanin(Octahrdron) Apagmenglafunisernouazgnieusoufioznonoondiaumn
ozmau wingguuuulassadrstuegiunmsindeavesnisdnFessunsauaniiuinmvou yu
wagni Undsenulnnidedlaeenlenlulassaiendnwuueuimanariing laglaseaiiaman
wuvesumaaansadsudulesaissdnuuusindlafigamgiias



Rutile

K

sUN 2.1 lassafrandnvesinmideulaeonlen [1]

2.1.3 Usglevtivadlnimieulnoanlyn
1) Wdwsuanslvd
gnamnssudnigades fnldlnnmdenlaeenlediludiunanvesdnitu fe
AnanTRlaNsAY1Y ansgandu wagiinmtiasiinuyedueaiiuligs auineynadn
finudanguguiliunlnsessn seesmilad uasnusieaninaudunsa-ang nusowa
wagauFeu Muiddudiunauvesdaviunuiinn mudavy esniiauddliden
GRRN
2) W Juansindounandou
inldduansiedeulugnavnssusiey 817 gaamvnssunaain anaIunIsuwi-
n3¥aN qmmmniimﬁmmuﬁm n1sNAnauane n1snaagsIie anavnssulangamsy
nsindeuinlany gaavnITINTEAYEmMIUNNTATOUNTEAMBAANTTNEHILTBILAS
shenautRTiannsndane uazindeufnildie fanamuniudensianieu
3) \fluasissunannszualylity
msuanwaduaserfinddenldlnmieslaoonlsdidududsznou nmihiasy
wasuLaI g dunaseuliih
4) llugnavnssudiannsednd
gnamnssBidnnseindiAsatesiursasinihdnldlmmdoulasenledidudaiiv
Uszqlitih shenauand@siiasiinisliin uazAinsunuliifings
5) M udunasiluiniesdions
wiesdrensundviedimsldlmmieulaoenladidudiunanaviunivtiiliug
aziBendvnd dauandiniuwas a1unsoasviow wagvinivuaslaas wasasviowssdeilaa 1
\Hudunsesens nandusinulfidudrumanunn Tiun pfuthgia esufuuan uwsauses
TIREIC



6) Tludunmsundauadiv

Tduasgadu Tagldauludumstinuafivnseinia waguafivniai shwdhi
\Huansfgadunaiiv Idudisafisodaansinasnndenlaoenladiielduuas
wazau¥eu asunndilitans wariednfaudivarsssmsiianansaidnveadovdonativ
Tuih wazena sadsnstdn uazdhuidoqdunid

2.2 andRfusesUisenisuas (Photocatalytic property)

lndoalasenlediduianvdendsifan i dusiswjisovheuasdmiunssuiunsees
AnpansBunEe uaranseduvafiiiusunsesedsditinfianmsonumeldvisluthuasluena Tnevily
funasiiazanusathuldlunsnssdulifanfusfisomeuasiuasiuegfuuoundsnudesiswes
usiazans dusulnmdeulasonlediu Pruasiilimdsnuingauferuasdanslilonn viins
yosiussuFATermedy deldsundinuainuasiimvay didnmseunelutaluduuenanvess
Bidnnsou (valence band) gnnseduludsturitlail (conduction band) wesian WliAngdidnnsou
Toa (electron-hole pair) wazABiannseulsatiuaziadouiiludsiiuinvestan aniudogdidnaseulsa
fuinsunsizentu th wie sandiau lusnanwiesinia SLé‘ﬂmauazﬁwﬂﬁﬁ%mﬁufw inlvinle 3
andadase (“OH) waglganazvitujiserdueendiaulueinia silmieguivasesndiau (0, ) g
Usyqdavivand alensendadasy uazgUieseandinuagluvhufitentuansduvide uavarsedunisi
fifin IneUszqdasiansagshmsdosaaeiusyresasdunisluanalvaiduamsduriaidvuednas
Fesnuluamsdunidndvuwieing lassaireirequasiinuduiiviiosas lasaunsnsiAauszadase
Faaesiiauanaisaunsd (2.1) - (2.5) LLangﬁ' 2.2 wansnalnanisiinUseydaseiandaiseaufisenne
el S UNS LAY

TiO, + hv — e + h* (2.1)
O, +e —" 05 (2.2)
H,O + h* —* OH + H* (2.3)
*OH +°0OH —* H,O, (2.4)
H,Op + OHy — OH + Oy (2.5)

. M7 {ang)

' « i Photoreduction
cB e -
H M {s)
Light ; A
{hv) : — &)
! ‘0’!* ey recical Organics
VB N Pl | i
."" . i Photooxidation
- il
He O ui ) + J:lj
Halr G

5UN 2.2 nalnanmsiinuseedassvesianduseuisermeunadinnitledlaeenlys [2]
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2.3. ussssuvanilgleduduesrusenay

TusssurdtusasnuuslnndeulaoonlasoglusUvesudssaumdlivaravarssuuuy Tas
anansadunlantesrusenauvadns laun ussing usaladu wazusdawlud lngagduunaudiuu
Tndeuiiduesddsznaunieluusiun

2.3.1 w3Bawilug (ilmenite ore) [3]

Fous awlud inandeguuidausu (tmen) lusade ladlasi nandeves Sir
Archibald Geiku Hutinssaigdsnge Inlsniludi 1191nn1w1n3nda Pyro vaneds fire wag
Phane e appear uusiiusnguiuduns s1arfuly

- AavENTAnIeNIEn JURANsEULLENTElnuea (Hexagonal) windnaziuwsiumn
visaidutu ndndneglndifes fuusiguilngt eranuiduukuuied Foutu Unfeviiiledunuui
vidoidunamdnvindensis miuuds 5.5 - 6 Anrmdsdunng 4.7 mwnmadelans wions
Tave Afuuunin FnsaziBond viefumauns o19eelnuaudRudingnldas Tnlsidoamnls
You tiosuuas (Opaque)

- ruandFAnIuall gnsiall FeTiOs 3 Fe 36.8%, Ti 31.6% Uag O 31.6% dn31du
ssyisgladuiumanuusiasulsunn ddimdneonledinnly enaesdumsizdugisanlnyidy
uafuvideasidouu videenaarusussindug wu wnuden videuusnila Wuasuievuiions
wulunsdauilus iesnnannsaumuivdn Tuusdls

- dnwausdu uaziinn SnnudunEnuuuninn uarunadienaiunnwdenld Sauw
lud finsa1n 1esnlnyinssdnsaziden wagsnsainuuniulg (Magnetite) asafidigaauAusimngn
gounin wilunsdl AduunilyviRedeusesne Adnludesnagauauiimaed Tasazareng
Uulunsainde ualdiun aglanenaudiing usdawludlinasusy drwvzliguautmiduy
walLAdin

- martuiin Aauiedeulusnuusdutu viosuiaud Tufivlud weeuusuiangn
3u q Wnuluanous viowaasTiunaniswend vesfiunin Sauduiusiouunulng way
Duuslaiddy luiudedl Yueglunsesuiuwuniulng svd weoseew uazluwle nuiauely
WVAUIAYN

- unasimuludsemalng vuadnwindansewuluumdsiyni 91U wu 1 a.
Myauys dndeiyn awhlidrlafiaduann vamimilesusiyn Snideniius (enif) wiled
Huusiuung 9 deu q AunuluuvdmassidumEuazes

Uselowl WHutansasiulunsndngladu wazansusznaugladusenlesd ddlnmidel
oonlasthunlfdumidduduun wuwldin faduasusznounsi esndauauiaa
fuey annsafuinglunisaaedesdu Meduiidulaseds uanedoseud Sawludliannse
sldmilouduusininld wsizageenn usvsamaudawluduunuln uazdawludteunlnv
thanuenfiagldigladu wazsimdn [a]



Uil 2.3 uansdnuaszfounsdawilud (3]
2.3.2 43glATU (Leucoxene ore)

wigladuduussssunAnsnesdusznoundnde lnmides (T, wén (Fe) sendiau (O)
uagsdeUudue 1Wu Faneu waz weslaule 1usu usgleduduusiinannisasuutas
voausdatulud Failmnidoulneenledidudrudsznauninnit 65% lasiignsmiaaiiie
Fe,0:nTiO, BausgladusinagnudzUuegluusdug ddluussmalngaansanulsiuuanusayn
TudsminuszaiuAsdus waeginduiu dulusisssmaiuswumuundansimemoumiio
veesgiinevinad uazszaiuuaudlulssmasoansdeduiuundsiinuusvdniduinian
sesasnvznulusgaesiille vasansgowwsni

- Fnwgnsnenin [HuusiifdnvausAafinnngislans fddimauns uisdain
Juogffussdusznouuazansiiovu

- dnwazmaed 1uasusznevveslavgeanlasiiiesdusznoufe gladu man uas

i o

a = =~ « a el s a Y o= !
98N3LaU Faazlisnauiovu laun wasaay wasdinu WDuau J9UssuuveIunazsm
peAUsENaURRETUNULMATLN U IUI TS [5]

5UN 2.4 uansdnuaiznauusglady [5]



Mineralienkabinett {e) MZ 1999 httpofvue gimizu ce

UM 2.5 uansanuaeuadiounsiivg (Rutile ore) [6]

2.3.3 u33lna (Rutile ore)
wsglnddunsndenuihaulaluegrawin wWewnandiusginduuiddu wielassaddlinategluuy

lngussindasiaudivainviatemulasaasng wu sdaudinaewi vselanvaeaaielane vse 189

a0 Y

uansnsiuey fuasds miedwmdomesdiududy SeflasRmaasiisnatulutues
Tnovaluussindinaznedegiuiuusdug 1iu arend Jedeudonin sindidouniend
(Rutilated Quartz) fidnwawdusndudmdosdluusmend adroduwinduvdodulonsyiefogluus
AronglIsUuluuTsguilsinils
wsslndidunsfislnmdenlnoonlediIussduseneudiinatslaseaine ldud sunva (Anatase)
w3 usalad (Brookite) Ineitadedlnssadinsasiilassadsiiatiosdnlassaineds Ao 3lnd Rutile) Tned

fan 1ann1w agiu Ae Rutilus Ined1sdsiednunrdrmlvvonssmilundndunady widulsene
[6]
2.4 NMIUABLLEN

naunazdemdunmsuaingfiiiunisuaneuawds Wivweveseyniaidnasauistuasden
110 Igldnsnsenu nseunn Uagn1sidendiuseninedingiu fignua agsiiuniavesmdeun A
duiiagdeauneyniavesingivliivuinazideauin@init 60 luaseuasly) Auflevaelinis
AnUfiSeddu san157 woelinnuviads avysaity iielrlénanfusifideansegisdiussansningsga
Tnehluvssinmasnisusansnsuunldmugunsaiuagvdnnslumsun fil

2.4.1 Ball mill \unsuainglagldndnnisnyuvesndioun lnefignuaegnielu amnsowdsle
Bunisunuuuadsasa (batch mill) wagn1suakusioiiias (continuous mill) Tnensuavisassuuuil
mmmumi’mqlé’ﬁuwuﬂﬂﬂ (wet milling) wagluuwits (dry milling)
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2.4.2 Attrition mill Wunisuslvidauazidenunn uaziinsnszarsfvesuineyniaii lag
pumaildannsualaeld Attrition mill Suagiivuiasinit 1 luaseu @uogfuruiavesingudadiy,
mmﬁwaﬁmqﬁu, yiln USinavesgnua uazia1lunisun)

2.4.3 Jet mil \unisualaglillignuaudendenisuafuesvesingiuiiindeuiidioainaniags

9

an

v
[ a Y

2.4.4 Vibration mill 1uipIasilauaianfonisduliuiananilidun nszunndnfuinafu U9

9

NINTLWNNNULBIVDIINGAULBIAIY

a v

2.4.5 Pendula mill \lwasesuadngAunuuwi lneiivhdeuluwuiuousuiuiuiiulan uagld
NSARYUINAIAY
2.4.6 Edge Runner, Muller mill {luiasasuniilddainanusededusuinlngnyuliluainvuis

Tngy Fathminvesdesziluing Weliingivgesiduvuinan

2.5 NS¥UIUMTANAU LT URLMaINsON3YY (Leaching)

n5afin (extraction) Wumaialunsugnaisesnainarswas ngldfvinazansfmngan ns
anauuseantadu 2 Usstanlve) laun

2.5.1 Msannuesudemneuaaval w38 n3vy (solid-liquid extraction %se leaching) e
msavaedulsznauiifesmsssnanvemanesdsiefvinarasvounan Maifsug fifertes
wagllunsdianizunansadl Wy nsarmunsianmEndvaes, nsveauns [Wuduy

- Lixiviation = Tunsdlensnau alkaline eanainly

- Decoction = Tunsdliiihazaeshauiigamgiigaien

- Elutriation %38 elution = Hlunsdlfidnlszneviiazarslfeguuinvesninvesudsill
avany waznszuIuN s uiisinisansesndiefvinazany

- Bioleaching = 1funmsvzAuusnunwiesninlageideduniidnnig feginisarn
Ussumilfiaseunquluvaney Ussnmisonnsuazgaanssalavs 1wy nsadnimadaeiifeu , ms
aptnsuiie . NMsananIwl, N1satnauwsneag, Nsatanes Wusu

msvglumalfiRansauuslaidungulvgfe

1. MIYLUUU stationary solid beds Aonisvefidinisuaeslvshvhazanslvaniunasves

ADUMBE19MILUY batch, semi-continuous Wag continuous flow ffnvinlunsdifeusiegied

yueilvg) uilsiduyuiiazualiidunsiouardn Tnonsadadnyinludeiifully eaansaszunedh

vhavas azfimsussafousiedieadly anduiudvharasududfsl ifelrimaunsvesans

ponu1 viieUdesdvhazaneriutufiegsaunssisdnsnisunitivesiignazatsanas 13

atmo1aviuiu series lngrudinazaeyafuluddausseinodwiiosdeiu sgrsdeiios

138771 extraction battery A3W
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solvent

.

|—> Solvent+solute
Extracted
solid ™

solid
sUiil 2.6 M3vzuuvamduu3ledniua (Stationary solid beds) [7]

2. MSVELUU Moving — bed leaching n1suzuuull Aeuvestdeiegisazindouiaiu
fvinaraneensieg 1 LASaIdNALUU Bollman (Bollman extractor), Rotocel extractor way
Kennedy extractor Husuy

Half miscella

Pure solvent
¢ 1§~
Dry AV &
flakes m ‘
Wet flake
hopper

L]

00000

&z
£

0000000,

)

)
ﬁo
:

-
\1\@/ B

"

Full miscella

(@)

;J‘Uﬁ 2.7 WaAnaASSERALUY Moving - bed wuv (a) Bollman extractor ez (b)Rotocel extractor
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Solvent spray

Solids loading

Q1)) —
Uined)

/ e W B SR I S
Sk
[T~ -l

Solids
" discharge
station

Solvent &=\ =

pumps ‘%,.) e A

N o

‘?‘?);‘/ Y o “5‘%}.\ discharge
Solvent discharge © \6

(b)
3UN 2.7 (s0) 1AT0sanAkUY Moving - bed WuU (a) Bollman extractor k@ (b) Rotocel extractor [7]

3. N3PV dispersed-solid leaching IuﬂiﬁﬁmaaLL%&ﬁ%aﬁmﬁﬁumﬂaqmmﬁmmz
Sauruauldeoslyisaihaslvariuadluld fenaaldmaneineisd veudaienglusiazans
Aagylinseanefafaen1snIu (agitation) WAITILBNNINBONIINAIVINALANLAILNITNTOINTD
AllFnnaznou

2.5.2 M3annvedmalnsvednal (liquid-liquid extraction)

Juszuvvesnan 3 aila Mlunsihdhazate (8) sllandunadunadignazans (O My
Youvmdaravegludivinavaigdnyiianila (A)

or

E‘Uﬁ 2.8 NIYLUUVIBUMAAINIBVDIUNREAD (7]
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2.6. ﬂizLﬁaqﬁungmé’qm (Ceramics roof tile) [8]

Jagiiunsuidomdsniasiin (Ceramic roof tile) l3ummdisunglénudusgrunniesan
fanuasay dmunauanedoussiin fanumum Fduanlaluiignimau faruduauiud
fynlsthuilldndsaesfnediaubuaueninsdemdniivhantagdug saudaiminfiuind,
nszifosmeunimviliandlddedmivnulasaadslineauans
nsgvIuMIHARTuANIIousseeniduaetussnndeiufonssUIumINEALUY wis funszuILNHaR
WUU Semi-wet process dvlsananszurumstaziienuuansnsfuneauesrluninssuiuniandouas
WA ouei 7 LipaNN

2.6.1 NIFUIUNTHAAUUULAY (wika) aeldidlofudmsunistusudunsduiildannnszuauns

a =

Spray dryerT,mEJm%m'%smLﬁaﬁuﬁfuL’%@Jé}’umﬂmiﬁﬁmmuﬂﬁﬂuam FeagUsenaulumiy wanauls fu

q
a <

B ALY ALY Uaghiuyu T,msjmﬂamﬂuaﬂﬂmuamuﬂLwamﬂwmmmwaamemmﬂmiamam
ﬁuawuﬂuiﬂLUuLmamiuauimaﬂism szmﬂwaﬂmimErmuﬂumiwammumawwm FaZunnszuau
nsnAnnszlouiefifisngunazdniaimnadaiioaidn Monoporosa nisfiilafuiiswsugasuilvinls
nsulomdsmindndonssuaunsiiidminundsszdisandunuredassadmdanve sl
nszUIuMIEuSuIInnITih fagAusnualidrAuluntieuauasauauauaz Beaveadenulildnud
yatnsfinldsmuadanuasdenly ndmnduishunszuiunsssmelngldnssummaules
suwisulfidunsiuiifianutuoglugag 5-6% laetluiiullu silo

n¥andunstadunailidesndt 24 Faluadiiailutusuleenszuiunisnada lagld
wosdnlensednifiusadngs ielidensuidesfienumuuivaiiaue %aiu%umauﬁamﬁﬁwﬁmmmﬁa
mssenuuULIRaT Allunisnan iaumﬂ'1'ﬁﬂaumqmulfmaLLuwmwmmﬂaﬂﬁmmLLa garlnaueLile
Jostunmsuaniravdsandl suoannuaifissidedunstusuuuuuis Suifesifansed sveznanlunis
Sauvtluusazadsyroudnedidofisutumstusudenmandnuuuialionsuiidnvasvesaoundsan
faglianunsavilifisuuuugeguuualaaglsuls

nFsnfugiudrasdrdnizuiunseuuts nednlvgudiadldidunieuuun wiesianyu 7
Wukwaueu 1146??14@1@1455Lﬂu%umauﬁﬁﬂﬁ’zyvduﬁ’umﬁzﬁwmiauhjaﬁﬂLamam'%aldmm%uaaﬂlﬂmﬂ
nsudadldtioniiulufagiliAnnisunninuuninsndedls Tnsamnuduludonsudomdnmds
suuralimsiianiu 0.5% Faflerinuniseuwisudiidngnszuaunista msanussvouuazdusnegiin
MNT08UTENUTILLY uanidngnszuauninedeud dddulsnundnnssilemdsmaualvgasil seuy
agwuresn1sedeu iedndsenssidodliidignszuiunisiaion deasiiniaadovioulnu
(engobe)reuiiolafinntiwiodindouusdordlilfioulnuild udmniufidngnssuiunsmn

AITUILNSILUUAS e (Monoporosa) HagdpaiunismlurieFusulfauysel iadunis
leansdunidluduuaznivansveulaeenlesdlufiuyu fafunda (i) Aidentanldsundeunsydos
nFanuvuinasuiendagfesien Softening point gaifioilialonialunisladsitlaifiosnislieanty
reufiindouasmasuBaiafiotostuniafngngu sdiunthnsndes
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SUN 2.10 1eesuinstusUnseiiaiummedsnaten (8]

2.6.2 MsuaRNsTI eI UL AT (semi-wet process 139 Heavy clay)

nszuaunsnannssdemdmuuuindentuiudurnmaniemionulngldnmantuuuuis
Lﬂaﬂium%qé’mqﬂmau (Pug mill) viSeunsfivglfidunSomauwuunis (Ory pan mil) Feruasiaue
voudlefulussnitnmanantuaztosninmnanuuudon fdunssuiunisudnlaedsdaylalddndiu
vosTaghiuvagyilaiull daulvgudiegldfiumisaiuauei chamotte clay) iiorfuasidunsa
Wiy T,mEJ’LuﬂivmumsummauuuavumimumLwaﬂ'ﬁuwnmmsuauuaﬂu n¥rntuaziluiiuaes
IavuiilousLawiiu awnsanfivusnfuAuliuaneen Tnsyaaiosinudazynaziinisniuguaiuving
serinaaiesianyu WueuasFosqiieazldannsoumeasiiuldlunndisuuniiedosianyu daedosd
yadosiiieldosuiuudimiives edossavyu IWSsuiauefuiledesiuliliesodavyuiiaguudii
TiunsinsendulUly Werueodanyuufagyinindvliludafuiinisauaueimauazauiu
(silo) teunlsimnuduasinaneuasylfdofudimumideity ndmindursiluduadostouwiodu
(screen feeder) Fufhuedosiifllumuitognisludenaudefulifionuaiiaveinntuuaslutinie
fulitaonooninanaunssinuinenaios udsniufingnssuiunaeiounistuslnsduiioan
Mngedestiouianu axgnandedasaeniuiiiordingiedosiniu (Extrusion) flunaufudeudgies
7n8 A (Vacuum chamber) ﬁ]vumsLmuuﬂmmqmﬂummmumLszmmmamulu TnoUTunaninfidy
furrgnasdyaramnannaderinauuiwesiuiiinegiisuniiesidaidenu (die head) frdud
arnudsgafuaiidinunfaziinisdsdyanalifnnfnhadduusdnielifuiuag Wofuriugage
oA aziingng (barrel) voansasinuitduauliuyy
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~ Y & a i o v . P P . TN =Y | Y] v

Woladuiuuduandnuauzvesinda(Die) udrNaziluiadaliiuiuruinmiigfulvdiauin
] ° U X Y £ o a o = [ ! A L A X o 4 = [ 1
Wigawedmiunmtugy uiisidedlldunsesduuusiely iesesdhuuuilileduiigniaunduuduay
gnaadnands Lower punch wiayn Upper punch ﬂLﬂaauaqmmaammuiﬁlmmmmwmmmi a3
amquuﬁ]vlulmuLLsaaﬂaaLmﬂumswsULLUULLm duifteauanistugy (forming) ity Tneiiiodiu
duAuiivdonnmssanuuazanadluvumenuiuaraiioindulunaulflsiseld arwmsauves
HavthiaganusyuvesweunseiUetudueag fuytnveuwldiuinld uazanuauvesluiinvesiy Upper
v o A o ia eda ° v & o s = v = a v aa I
s Tanldlunisyihudinsindenihunldduiyuldarawes Feazlianuseuvesiimtniaunnudd
Joidefs wiflunasnunongsiseadinisuasunuuyssuin vinbinswanluselleuasddunulunisnén

U Ay va oA a a = Ay aa I3 1= ] v ° Ia o & Avw
wuugs Janlddndpenedemu (PU) Felivenfaudawsilidnusedts dunuii wikiminseileila
lagwiularawesuasiinmsfnwliuivssasenii Jandnvlandesldiuhesns Feasinisdangusa
198 widileAuliidanseniodianmiargasonunazinbikifiuiensiuialadie

TUUABUUMIA

Screen feeder
Ul 2.11 miawa‘iumwuiﬂmvLuaammﬁml,ﬂsm (8]
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n3ugUlaedsnistieziinnudilunistuguganitnssuiunstuguuuuniann lneunfinies
Fusluvuianunsatunssidesls 20 aswawndl Fadmilensell 3 ududueiosnadaluguiazaunsadu

e

& Ve 1 ! o a a [ =4 v & [ 1 Y] 4 1
sUnseiUealane 60 wHusaULaeTILRe ‘Viaﬂ"ﬂ’]ﬂﬁﬂugﬂLLa’]ﬂiSL‘U’ENﬂ‘WQﬂﬁflVL‘lJENﬂig‘U’J‘Llﬂ'ﬁ@‘ULmﬂ b6
dl dy gl’ v a A g d’lj a 1 24 I o 1 [ 5 v A a gl’ Y
Luaﬂﬁﬂﬂﬂ’]isﬂUiULL‘U‘UU‘\]%ENlI‘lJillWNUWIULUGWUQUWQUE]EJINW]ﬂ'ﬂ 16% saiuagdaiilon1atadealadne
Lummﬂmumummaaumaamﬂuuﬁ]mawm%’]uiaﬁu L‘W@i@flﬂiuLU@Q@UUIU?JWJ’Nﬂ’]i’e]‘ULL‘VNL‘W@

&

LiliAnn1sdaidevestunu sgiusesiuiagldduliviomanuuuuililnseenuuulisesiuaoy
voanszilodlinefuaziininun muisdedifaderhedelauanuioulunou dwsunssuiuns
suwsidutledfresmsranesiiiien Wemnieoudmsuisaadeniinenduiviiinnumien
finsvasandseuuisgs dfudellentafiansunniudsouldie
‘wé’qmﬂauLLﬁqu,é’:;ﬁavuﬁ"}éﬂivmumimﬁau?ﬁ Fsgunsallunisindovdfzadnefuiumsiadey
voansLdosfituguiuuLiy Luamumimaammﬂa gnsguaumaien Feiiv smawlagldinglued
feagldinalunswiuiu fumiadosiangu Aldnarlunamiind wifdadindinsmnssdes
ndsalasnsruiunstuziLuuuisegtenn TnsmawinuuiwesnssdomdenfituguuuuAadendu
Fodldinanednation 3-6 dalustuuuvasmuiiasndeninldlunstugy dmunisunlaeldnszuinnsdu
sUwvuwisiuagldnandios 70-90 uniividudmiuniseuauamamndannty Tundndurinszdes

nasANEnITVAde UAMALTRA9 Al

ASNUMURRNIIIIUALALTY Autoclave test
- ARSI

- obmsgadui

- guandanuazdad e

- awdnveswaunsuilos

- mmmumwiaﬁgm%ﬂlﬁﬂ (Frost resistance)
- AUNUURBANTLAL

- Usinaansmeiludieindey
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]

(8

q

LUBIAUMIMIYIETNITIUAGDU

[
Y

FDEINITARDUTUIIUNT

Ui 2.12



YOR-VDLAIVBINTLUIUNISHANNTLLUDIVAIANVIIEDIL U
NTZUIUNINARLUUWIAY (dry process)

=

b

124 =)
UBLEY

'
[

1. punmanazin onsaidesandanuauluiilofiue

18

2. wliniunnszansnsadenidagnsileAunisnuaatiuile Monoporosa l¢ vinlvian

9 Y

AldTevadlasadanaanle
3. InsuadIvdseuwituara s v ivwInveInseiUaarn iUy NuNLI e
Yayn3esnsii@uvemasenls

1. msugUuwuuuivihlililanunsavhasundanwazasquuualagelsula
2. fumuveringiutiaAuuazAuunIHaniofugeniwuunalen

3. Insgeduiings Fsn lidestulifagyibiiinnsnaudmiduneainneluihmauld

= 3 ° i X =
4. llﬂ')']llLLSU\TLLﬁﬂmqﬂjqﬂqﬁmuzﬂLLUUﬂﬂLUEJﬂ

nszuIUNNanLUUANTsn (semi-wet process)

=

197

JoLde

. sunulunisudngnnii Tnglaniznsinleuiuuaz ngauily
. @389 Profile Wuuaauaaqla

. Guasmuedesdnslilusaiidini

- mstugudinuuuukeinlflddediatesnasamaneios

- sy iAN15RRduEIiINIINSTUFURUULL Lesngnsilounty

AN U0 A W N =

 fiauudeusmdangeniingzilomTuulngnssuiunsuuumig

1. mavadvenienugnihlfiAansuaniilusenineuuisldie uazauinveinsy
Somdamnaedaruiuulsgailiflonafinnsdaldieg

2. mswafufiruaiiavedesnimuunsunden viliidedislunsidonldau
NN

3. nudesdlemafnnistiadenldunninstusuuuuuia

4. dwiinnssdesiousugeniuuuusis

(Manoivn-lunTEUUM TN LA3esiami wasfigaumndlunsiwingu)

9 Y
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2.7 A5EUIUNNTINAFDU (Dip coating process)

\dunaeieutaguilulasniniasazaefieIouldainnssuiunisdug snihnisguadey
fanansfisioants shliAnmaGeaveseymeavuiiuinresianansiidosmsiaanduiiduuismnuily
fu Pt fiduusnTufldluldanudou Werhlifiduamnsodafnuuinvesususesiuldd

Tnevlunszuaunsduedevtuasshnmsguiueuilfidusiusessvaduasazaiefiaginng
wdeudeainuialaamis uagiinisfadudesasnsuindy fannuniaansazaredlily
nszUIUMITIAdeUtuRardsnarednunsvesiiduiiliannszuIunsgueSouruy

FourhAunuiunnaisazats Usuunniniiduaziuiety newdoinAeiunuiuain
a1sarvans fiansuarsunuutesiidaSuAntudeivinaranslumsarasifanisssmeseonty v
Tfansilalldsumeooniufnnismud wasnoduduiiduuuiiuidunu

Ug

=g

Atmosphere

Reservoir surface

s Precursaor solution
U 2.13 wansguuuunsifniiduvasduedeutusuadiumsaraiu e U, Aednsnalunisis, hy fio
ANUAUNTBIT UL, S ﬁaamﬁlajLﬁmmim?{auﬁw%aqwqmﬁq, S Aetuvou (boundary layer) way
reservoir surface ApfiufnveENsAZANY [9]

prassure 8

- [ exerted at final

Dapaosited Up e | stage of drefing §
film g |

st . |
: Film zollapse and/
“or pore formation \Pe =24

“Gelation |0

Alcoholfwater
evaporation

Gravitational

g RS ﬁ.‘ S H ~ Aggregation dralning
ST A l A " v evapuralion
/ i ha ~ (g2 ®a)'? "
2 P ; ) Pore size cantrolled by
/ R A Enfrained dilute sol = size, structure, composilion
,;' * % w » rales of condensation/evaporaiion
ETa x * Reseryoir  capillary pressure (Po)

Dilute sol

UM 2.14 wuudnaesnisifiefaulusedulunseurenseuiunisiueaiou [9]

Y
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2.8 1AsedilaiATevianunzlanie (Characterization machines)
2.8.1 MTBATIEINIAANAULES mMelasesgTIadilaaUnlnsalnt (UV-Visible

spectroscopy)
UV-VIS spectrophotometer 1uiesesiiafildluinsgiansineardendnnisganaussd
4' L ! LY 2/ 3 a a a o
vosansieglutinadanitliledn wasdadida Anuenipdudseain 190-1000 WIlWUAT @19
Munumagevdulngiduansdunid arsusznouBetiou nieaseiunid eniiduayldid as
wiazyinzgandusidlugnnnuenaduiunniiuwas Ui sganiusdiauediuaing
Wuvesasiu nsgandunaswesasaneludadiulaenssiuanududuvesans Jsaunse
Ipselahudsnunmuazlua Wuwedailianwlhnd wasldiuegunsvans naildan
MIATERagmnAlialazlansnuduRusTEnineIN1saandunas (Absorbance) WagA1AIY
a =& a ! )
g1IPau (Wavelength) @4.38n17 dlansy

10 10
Abs Abs
08 08
06 06 |
04 0.4 ] N doped TiO,
02 02
TiO,
0.0 - - : : : 0 s A \ | Al . R Yy
200 300 400 500 60D TOO 800 200 300 400 500 600 700 BOO

UM 2.15 nsidegensaandusasvesinmieulaeenled uaslnnlleulasenleniemelanydus
[10]

Detector

Monochromator

Sample

Exit slit

Dispersion
Source ! e
Entrance
slit

gﬂﬁ 2.16 drwlszneudid Uig‘ﬁUENLﬂ%'laﬂ UV-Vis spectrophotometer [11]
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drulszneufiddyaeaaias UV-VIS spectrophotometer Usznaulusig

1. Light source wiasrnfinssdifuduiilissdlugemnuenaiuiidesniseenuiegns
sevileuazai Saudauduuadiinnne veeatiindvainarsrdanuaueadusea
\Waseena 1y 23 UV 2¢ldmasn Hz and Dz lamp Wiausadueglugiu 160-380 nm uag
%34 visible 1uaan Tungsten/halogen Timnuenardulugig 240-2,500 nm Hudu

2. Monochromator Wuduildmuauuaslagazyiliuasiiosnsnandusiauas 4a
Hunedlasunin Whduwadlululaswfn Fadusouuamau wiellauenedudedldfames
UsBuvie in3mi

3. Cell sample wadldussgansazanesiogns unsassenaionin Cuvettes Aldfu
yhluldudwadimouiedltldiametinada mzumazgandusedlutieeile uasiwadd
MeeTan wazmend seldldnnanshlonn wasuainuediu

4. Detector Muthillumsinnuduvesisdngngandulasnsuamasunausd
Fundanulih indesinddinarevieiiton Téun Photomultiplier tube uazip3osinuasyia
Fanaulalen Silicon diode detector

w3nsaalnstiinfinesfililnerluuteendu 2 Ussuam lﬁLm’

o w A

1. Single-Beam spectrophotometer (U 2) LuamsqaaaﬂmﬂLmaqmmmm At
waud Tululasunesilunsmieriiuasiog1a widadndaunsaingiasu i Luaqmﬂ
aLUﬂImiIWImumaiiJszmwuisamiqmwmmmmmumniuiuimmLmaﬂﬂq asavaneiiiesns
5’%'1%ﬂ%ﬁazlﬂajqﬂﬂiaimiaﬂ%’ué’fgﬁgmasJ nsTnurazas Tededdivad 2 wadldanseduiu
asuny

2. Double-Beam Spectrophotometer an$saaziulululasunmes 2 asednetu vl
I¥anSedmuenaauieredilssans nmwuarauazidenunniy Wesanain Exit slit uda
a159dazludaunsalfing 59 (Beam chopper) Aagagviauluniuansfiegns Tuvaiziferfuan
Yefsnuluinuansdreds fesl arddafivaiiulululasuine fazgnaunsalindifedusn
seniufsdaesdiiiinuduviniunasnian ieansedisaecilunnnsenu phototube A
wANANTeIANTLIznaneludygadwelufgunsaldufindyanaseluTunsTdaalnsi
Infiwesuuudnide
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Tungsten Hatoges 9 [, Lamp Single beam

Larnp Sample
) | I

Reference sample
Detector 2

Double beam

Sample

UM 2.17 wuudnaeensdnisesasddsenaureasesdansbilaanuasidiiaaUnlasalaUytnauas
gl wazylladuase [11]

2.8.2 1A3adilATIERnTEELULSEeng (Xrays diffractometer)
In3esiATEsimsIaeaULSaELlend wse Xoray Diffractometer (XRD) Wuwp3asile #l4lu
mnneiautivesiag lnsendendnnisidenuuvesisdiond nsannsavhnsinsesldns
asUszneviitlegluasiiogng uazunanli@nweazBeaisiulaseimdnvesasiegng
1¢8nsne lundnvesietusazyin axdivunvesmhsiwadiliviiiu Mlisuuuuvesnis
enuudediend feanunlaiviiu vinlaansomeanuduiusvesansusenousingg fuguiuy
nMsideauuressidondld Gwsvilinsiuin lushetaiug farsuszneulaths

%
/Y

5

-

gll‘ﬁ 2.18 %#8nN13 Bragg’s law ENGEGRD X-rays Diffractometer [12]
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1A399 XRD 1WuLpSasiiodnseiiasuusidendlunanuyasiiogid lngodenannisves
Bragg’s law 38 LaAIAEUNIS 2.1

2d sin@ = nA (2.1)

TunsAuIMAINISEgUNYeeTdlnd NEsutundnfaglufiiogie ngazldaa
ATIRTULNeTUATUTNYRISIAeND Miinanmsdeuuluyusiee Yesnsvedey

19311PU9N15ILATIZUAEATA XRD Afe luaiu1saviini1simsizidiegng Wieann
JSuneu %50 'mmﬂ‘ﬂizﬂauﬁaasmﬁﬂuaé’mgmlé’ \e991nasdledeanguil avliinnig
dy v a & 1 ¥ o a 1 d' I [
VA8 UUYDI5IFONG WAL31919811150 1% XRD Awiann Usuiawesdiunidu edugiulu
LY} 1 (=K 1 d‘ & @ ¥ % = =1 [ a d' 1 ]
fegeindidnduiesidudls tngldnisiuseuiisuiuUsunauean suInTEIUNNIIUALULDY

W509 XRD anunsaviinisiasizidegnslansluguuuvends niedieganiiluna la
Tunsaindrog1duvreawde AunAaInNIsNaaauRlIszsauseu dulunsalsegiaiiune awfaq
fluwineyn1A‘NNIT 325 mesh #se Uszuna 40 lupsau (Mazdenndienautla) Jsaglvinanis
naaauid lneUsuansdesdlunisneaeusonss avegUszuia 1-2 n3u lunsdlfidegindu

Y Y
a A A

fiou Aesflvuinniteen LAy 10udung Bell Aufnaginisnegey azfuiiesuiiianans

Uszaned 101088605 111U

283 N193LA1TATITUFIUAI8nE099anIsAUBLANATOULUUERINIIA

(Scanning Electron Microscope; SEM)
N15IATITRTIF U IUAIENADI9aNTIAUBIANATOULUUARINTIA WUNITIATIZRT
anvauzduguinelagnisldardianasoundinugs wanwnasanunlunin 3 15 lngeide
wdnnsarieuresddidnaseuanintivesarsdogndlunisasnanin Jaunasiiiavesd
Sudnasauldann electron gun udhualneazviminindns dnnseuainflatmusi(filament)
wagldauulnfinlugag 1-40 Alalaad Tunisisengudidnaseu Tnengudidnnsouasgnusdula
dunananeduddidnaseudisiaudsiuuaacondenser lens) dadinuanansalunisvaduli
Srdidnmseudvnaldnudesnis desnsnmittaaunisldddidnnseufidauindn dounvh
msUsulnAavesdBidnnseusetauding(objective lens) iileliiddidnnseunnnsenuasuy
Hufrvesansfiedis L31E1UITAAIVANNITAIIAVDIABLENATOUME scan coil vinliaunse
annuldlunuanny xy Miiufatuny Weddnaseunnnsenuivestunufivzasvou
ponludsiinsrain(detector) ﬁamaﬁmzﬁmﬁﬂﬁ%’ué@mmﬁasﬁauaaﬂmmﬂﬁaﬁum%vumu
wazvinsuwlasdyarandudygransliiiegessuunmedidnvsedind AnuLana19aInng

o

1Y [

azvoudygralanduiudnuasnsdugivevesasimed woenunduaw 3 16
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beam
deflector

S STATINN
_generator

objective
lens

“specimen
AN 2.19 AIUUTENDUVDINADIRANTIALLUUADINTIA

2.8.4 \3asBusATinaswianaaun wiaaUalnsiiwss (Inductively Couple Plasma
Mass Spectrometer (ICP-MS)

Inductively coupled plasma-mass spectrometry (ICP-MS) Lﬂﬁ%ﬁms’wﬁﬁm 1oy
wdnmsvesezneudnaninsalavdadunisiinssilasendensyuiunsaenduuvedozney
(atomic emission) ICP-MS @1113073kA3189519) L0 wseniunaredaluianfediu awise
3Lﬂiwﬁm@lﬁﬁq%mﬁ’ﬁ@mimwi’mﬁszﬁummL?’J’u%’uﬁiﬂﬂ%’mdaﬁaﬁﬁm (pg/ml) D9 ulansu
siodladans (fo/ml)

NILUIUNTVBINTIATIEINETD ICP-MS Wumsldnasauanwarauly nsds
5LﬁﬂmiauiﬁwqﬂaﬂﬂaaLLwau%uuaﬂmaaazmam inliinlaoauUseauinvuedan e loseuil
wgnuenuaziameleesunaanlnsdines
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Aerosol
Desolvation Atomization
(N ®
eee &
o o ' —» oo Molecule __, Atom __, lon _, Maas :
o 00 s 2* analyze
o0 e o
Nebulization Vaporization lonization
liquid
sample

JUTN 2.20 WHUAMLEAAN U YBIBE 19018l ULATRINTIATAICP-MS
ICP L luwvasindanisnseduannglias MiAanszuiunisindndavinazany

(desolvation) 8anMnasazaefiog1 uarseiveaisaiegelviegluguvedle (vaporization)
uansisguit 2.15 ddlovaslunanamaniazgniudeuliifuosnan (atomization) udwesniinns
unngudulesau (ionization) ddlovsurewiedsifiniu annsnnsinindie3s ICP-MS G
n13n33adalelelny (isotopes) U94519AIUTNTIAIUVBIUIARBYTY (mass-to-charge ratio,
m/e) uiedosusaanlnsiines

LAT943D ICP-MS Usznaumy seuuinasdIng s (sample introduction system)

unasAtanaaun (plasma sources) 50808 (interface) LATBIILATIZIALIA (Mass analyzer)
1A509RTIVIALaUUTINKNG (detector and recorder)3

1) seuvindeiegNg
svunihdsshegraiiniaildiusegaiiluvenar vewds was uia setns

dnlvngwseuluslansazany %Qﬁmiaﬂmiﬁﬂuasaamaa (pneumatic nebulization)
Wuszvumasgumllunisundsinegnwennads-7 e slusuvendsldszuy
gasneiatyes (laser ablation) liluleveseynialunisuidediaedna ICP-MS aunse
Fouserumaiansuensiniig q Inevimindidunieimsainesnemanig (specific
atomic detector) WioifiaUsyavsamlunisnsaata vhldiinnuhlumsinssifiaty
fin1sidouse ICP-MS fuiadesiionis 9 Ldud hish-performance liquid
chromatography(HPLC), ultra performance pressure chromatography (UPLC), ion
chromatography, gas chromatography, flow injection %39 sequential injection Wag
capillary
2) krasnLiananaan

Judruiiiunszuavemiaansnou wWiluseninmasafivianaiendaiunass
InAUENa193IY i3end1 aunaiaun (plasma torch) vaiefiiuvnaInwdeIu

9 Y

il
AdEINY wavuesauINAdwIngiliiaersnewianisvuiusasuandudulossy
Andunatan ndndsanugs Tgamgiluyae 6,000 fs 10,000 aseauysel lneu3iim

AsINaNaIEgaviiasan nsldwanaunensneunilaaumgias vinliaunsadiasient
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snulinansdadliansovilfdussneuldlaensldidailn venaniondneudu
wRades FaliAnufATeiuusene @T’JE)EJ'NL%WlﬂiuwaﬂﬁuﬂﬂEJmiWuL‘f]uNBEJ
azidun iinluluazesslesvesufaensnou udrgnuritunasnmendsulugn Jeiieens
ayszmedule LﬂaaumuawauLLauLmnmLUuiaaaulﬂwiam 9 fiu

3) 59UMD

Huduilessuveseznougnienoonainwais U%nmﬁﬁmqmq wmﬂﬁqq
Tnansldty loeoureses noaudegniatnluds sampler 3o extraction cones i
WuRgudnane 1 dadiuns mmﬂumﬁumlaaau A0971U8s skimmer cones #logsio
uudgnialnglossuaudinludansedinneinasnoly
4) 13 AiATILNIa

w3slianginafuaanivsiwes Anuthduiinseaialaenisuen
lepeuiiidnsdiuvesunareUsyyanizesnanaivedlessuiiivaisananeyszq was
msuen anveslessuusiazfnldnvauzvesUszqlelelnlianzazlnsdunieinsate
seld wdesinsevinaditenldie quadrupole wonanideiiuaaUninsiineduindu
714 AU 1CP-MS Léun time of flight (TOF) magnetic sector hexapole octapole ion
trap e ion cyclotron resonance
5) 13095 TnuarTuTinng

\nseamsniaviminiianszudlessu fignuneenaniaiesiiasizsiang dudu
dndrulnonsatuusuinveslelelny ude sigluiieg in3esnsrataidldleun
(1)continuous dynode electron multiplier (2) continuous dynode electron
multiplier Wag (3)Faraday cup3 iseatuiinnarinistufinnaduuiaaunnsy (mass
spectrum) ezmmumL‘UummmmammmmLUuammu‘[mamqﬂuﬂiuﬂmmaalaiﬁzjiwﬂ
Wios19ieE1N wazinuusudumiaveslolylny wiesimluiedn

2.8.5 walamsdaszinuiouazanulugnguvasian (The Brunauer Emmett-Teller)

The Brunauer Emmett-Teller: BET Humafiandsiilflunsnsatauiuinssngy fudiin
$ume uarn1ansrateiavesgngy nsendenisgaduluanaufiauinaiuivessniy Jauans
Ardiiugsening arwdudusing (P/P,) Autiinmsviethntnuesiiefign gadu (adsorption)
Lagn1sAegU (desorption) ﬁuaﬁa@ﬁ?w‘] Lwﬂﬁﬂﬁmmmﬁ%mmiaﬁwLLuﬂﬂﬁzLﬂmaqgwqulé’
(41]

IngUszunnvesgnsuasuuseaniu 3 Yszan loun
1. gy Micropore Hvuadaendn 2 wiluwms
2. N Mesopore fvuw1neglugia 2-50 wluluns
3. Ndu Macropore #UU191INNTT 50 UIUUAT
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Relative pressure p/p°

Ul 221 mmuanIndiussEniNsEITIRscm/ uas mnududiins(P/P,) vos
Adsorption Desorption Isotherm

EN50ATIEIUTENURIINTULAR1N N33 Adsorption desorption isotherm LTu
AMUALNUSTENINUTLINT (Ccm*/QuazAnuAuduins(P/P,) [37]

2.9 NUMUITIUNTIU

nnnsnudosiudefutanludelaeenlednuit landeulaeenlediduasuszney
Tavzeenlusifusglovimnineglunarenansgnanvnssy wulnmidoulaoonledgaltiiuianlnding
ynlugnanmnssudantiu, Inmdesleeenledgnliidudiunasluastounnlugnavnssuaiosdions
wazgnlfifudssufisermelunssuiunisdivadidevieufafvluaingaaivnssusie WWudu
Tnginlulmnidelaoonledaunsanulsluiisnagqu Tufly dnf vielusuvesusivu usdawlud uig
Tnfunazussing Fsdausnnlnmideulnsenlednuluituarogmuiuustunusuiuluivegiuusia
piivszma dufuisnisataolnndeulnesnledoonainuiduqiu awrsevinldvanvaisds wu
Fnsatavesudeennar wionisve, Bnsatadeitlelasmesuen Wudu dwiuruidetasing
wissdlnimdeulasenlefanussssumfmenszuIunsainveudavemad

Bnsduansilnindedlaoenladanuisssumdmeitnisviinainvaisladefidwarenis
AnUiRzen Tneaideves GK. Das uavanz3de [14] iWunmsduaszilnnilenlaeanledainusdaw
luddheisnsatnveudsvosnarlnonislénsnlalnsnasinnuinlsvinnsnuiiadeoidawasionns
dunnwilvndeuleeenledmedsnsadnveaniwesnailagldasazarensalalnsaassn wuindade
fdawadensduaszilnndeulaeenledieifnisafavesundaveunar loud arududures
asazarnsaildlunszuiuadn, guumglidildlunsfinufiten, ssernanlunsviujiser, snndu
seviveadfureavarildlunszuiuns uazanudimedlessuaulumsazarefililunssuiuns
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JUN 2.22 n51MIUaAIN15FURUUNIINISEBAULYRITIEDNGIN Co K 104 (a)uiBatlud (b)nznouusy
lannszuiunsszalsnInlalasaansnuas () aznauusnlaannassuIun1stzienIalalansaasin
swivansusznaunnalBaunaslsa (CaCly) [14]

Table 3
Preliminary leach conditions and metals leaching of ilmenite ore sample A.

Test conditions ¥ Leaching
HCI (M) CaCl; (g/L) Ore mass(g) Pulp density (%) w/w  Ti Fe
0.8 0 48.3 4.0 886 926
9.8 240 48.3 3.3 0964  96.6

Tnen1s3delagiinlinsvisdeulanmnzanlunsviujisetlunisadalnmteulaesnlsdain

us Welnldlnmideslasenlenniinnuusgrsadis 90% wanslugu 2.20 uway 5U 2.21
= a v g 5 I % = I3 1a I3

NsAn®1UITeTes Linie Jia wazane [15] Wunisduaszilmnilleulaoanlenainusdaiulud
mgIsnsainveswdsvesnailaenisidnsadaila3nlunsvinuiisen wuinnsiiauiisenseninuida
wluddunsadaiinuudvss@nsamlunisadalnmitevlaeenlenuuiivszdnsnmidesniininlalas
AagsnilleunnnsnalnmsiinuisersenirusBawludiunsadailiiniuasinliifiavylelasiaunie
Auiuiaveus i linsadaiiisnluaunsaifndunsiseduusdawludladeinlniivszdnsamlunisye

= v v 1
w1asievueenulatesnituanslugy 2.22
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Fig. 6. XRD patterns of the ilmenite, leach residue and Ti-rich materials. 1—ilmenite;
2—leach residue; 3—Ti-rich materials.
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MHUNTEUIUMTVEIIENIATaTEN kay (3) JanUusznaugladu [15]

fatunsnlelasnasindegnunldlunisatalnmdeslasenledanuissaumidnivanuided
waziiodunisussansamlunsatalnmiedlaeenledanussssumalaiiouideain Li Zhang uay
A [16] Iiinsdnumsiiinuszavsnnlunisadnlnnideslaeenledanusdailudlnenisiusda
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Fig. 6. XRD patterns of ilmenites mechanically activated for different times.
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AINHL5ITOU 300 FeUsBUNTITILIAFIaT [16]
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Fig. 3. Rate of iron extraction from unactivated and mechanically activated

ilmenites.

JUN 2.25 Vsnaundnfiaineenainusdawludinlavailunsuasineiu agadlunisadasieiu [17]
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UA¥9IUIIBUDY Jianbo Zhang tagAale [17] Ig@nwdenszriumsedeunsdawludineuiiasii
UfAsensainvewdieunad lnanmsvimsvisviuun wasdnwujisensantusendindu (redox) veus
mainfAsenlunssurunsvenui Welswhmsvivsmsiusdawludlasnsligagiiuiusdawlusdias
yhlsuszansamlumaiaufiSenfuanntu Womnanufitenvaslimndouiiguduidawludiou
nszurum vz liinsuvessludlunsdawludiinnsiedudundniiudauss waziilothusisinu
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M38eu Feixiang Wu wazane [18] lévinnsduasgsilnnidenlaoenladaunmgeiifiiassaiiauy
wis Tnenisthansaganefildannnnssuismsatnvesudewosnariflarsidevuazatsey Fesaullieg
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Fig. 8. XRD patterns of products that were obtained from raw ilmenite and ilmenites pre-
oxidized at 873 K-1073 K for 4 h after 8 h of stirred leaching. (The leaching conditions: a
20 wt.% HCl solution at a temperature of 378 K and a 4 ml/g liquid to solid ratio).
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JUN 2.27 (a) wanssuunuunsifesuuvessediondves 1) usdawlud 2) usdaludiinnaziden 2 43l
3) nenauiiliannnisielaslsganinalsazaigainnisve uag (b) A1m SEM ¥89ngnauaINNszuIuns
lalaslsBa (18]

. D
JUN 2.27 (si9) (a) wansgusuunIsiassuuvesiidondves 1) usdawlud 2) usdaludvinnaziden 2

311349 3) nenaunlaainnistalaslsdaannalsazatgannnisve wag (b) AW SEM U4RnNauan
AsEUINNslalaslsda [18]
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Deionized water droplet Ethylene glycol droplet
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Fig. 3. Contact angles of deionized water (a-e) and ethylene glycol (i-m) on the
surface of exposed TiO; films exposed in plasma for different time.
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(a) (®) (©) (@) (e)
Fig. 3. Glaze coating after sintering process;(a) original glaze without anatase, (b) 5wt% micro anatase, (c) 10wt% micro anatase, (d) 15wt%

micro anatase and (e) 10wt% nano anatase.
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3.1 aunsaluazasiad
1. L3595UY1A
. nsalalasAansn (Ajax Finechem Pty Ltd)
. wnszLefiaeeln@aing (Aldrich Chemistry)
. nedeiaulnamea (Ajax Finechem Pty Ltd)
. wodltalnlsdlau (Aldrich Chemistry)
: ﬁﬂﬂaamiza}
ndestluniuudman wuuldanudou
. Unnesnuanuseutuin 250 daddns
. NTTUBNAN
10. Fausnansiall
11. wSesdsansiad

O 00 N O U A W N

12. Sunfmzide

13. Useningungil

14. nsza19in pH (MColorpHast™)

15. Lﬂ%@ﬂuwwé’qmugaﬁ’wgﬂuaa (High Energy Ball Milling)
16. \A30aguiARoy
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3.2 YUADUNITNA[DY
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nouil 1 nswisansinmiieulaeonlyn
! ay < v ¥ < S ©
- UAKITITUYIRAILLATEIUAGNURANSIIUES Tneldmanaisiseu 600 sou/wi WWusseziian 30
Wi Inetugnsdulagintngnuaseusdawlud 6:1
= a A v v & o w
- wguansaranensalelasaasinfiaududu 3, 5, 7 wag 10 lwarsmuaau
- ihansavanensalalaseaesnieieuliluIeunglisiewsesduniunuuloamgiila laglv
Anufouiivasazaneninlalasrasinaunsensatsgamgil 80 asmwadealagldvesluiineslunisin
GRRRIVEE
- Weasazanensalalasnao3nlgamnliniuineenisudy dinsnualuduneuwsnifivasluluans
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Leucoxene ores

High Energy Ball Milling
600 rpm for 30 min. _ HCI concentration
- Retention temperature
- Retention time
| Leaching ‘
| SolidLiquid |
Leach residue
Wash with DI water Leach solution

and dry at 100°¢

Characterizations

JUN 3.1 ununuanstuneunsana mndeulaeenlefanussssusfnenssuiunisainuauds
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JUN 3.2 (de) answadifililunismanes n) ninlelasrassn v) wnnszieiiaeelsding a) wedleiitulnanea uas
3) wedliiia Inlsdlou

5UN 3.3 ipsesdlelunsninide n) wsesdeasadl v) insesduniuriialiniuseuld A) wwandn
3) 1ATOITUAROU AL ) LATDIUARAZLILANG UGN
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PTL-WMMO1 Dip Coater
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3.3 \n3nddiodaed
3.3.1 UV - Visible spectroscopy (Thermo scientific Nicolet 6700)
3.3.2 Inductively Couple Plasma Mass Spectrometer (ICP-MS)
3.3.3 Scanning Electron Microscope (EVO MA 10)
3.3.4 Energy Dispersive X-rays spectroscopy
3.3.5 Diffuse Reflectance Spectroscopy

3.3.6 The Brunauer Emmett-Teller
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unii 4
NaN1sNAanILkazanusiona

4.1 nswsenayn1auluaInusdawlud

4.1.1 HaveIANULILTUYRIETara1enIAlalnsAaasn

7 - Fe 1778076
] T

1149103

Concentration (ppm)

[LIC1] 3 molar [11C1] 5 molar [LIC1] 7 molar [11CT] 10 molar

HC1 concentration (molar)

U 4.1 nsmanuduiusserineeuiduduvesansazarensalelnsnasin fuamnututureamdndign
ygooninusdaulludlaefvunieuly guvnlvaeyiuiieide 80 esrmiwaidea wavszezinailuns
viUFATen 5 dalu

nsfnwilafeiidamadonszviunsadavesudsvennaifie mnududuvesasazarsild,
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ppm ALERY WuAefuUsinalnmdeuiinsaanuluaisazargainnssuiunisvenuin leld
a1savarensnlalasmaonInituty 3 5 7 wag 10 luais agvibivsunalnndenluaisasarefivsunn
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mudduaziuliiufliovihnsiuanududuresasazarensnlalasaasin ardsaienmuveanant
wgnzenuifinuniu iesnanmafisaududuresasazarensalelasaasindu unisudiy
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P8NUIMIEIYUAY

dmsumsiieneviandinissdnvesmznoufiindeainnssuiunisaruandfaguil 4.2 sUuuuns
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4.2 \dleBusuldansazarenalelasaaeinitudu 3 Tuans it funansdawludunaziBen wuin
sUsuuMIdsIUwtessiiendednandstusiuuunsidsiuuressdiondvesdawlud uandoiinis
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\esanansazanensnlalasaasinifinruidudugannasiviinalszanaslsdgane agi
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AsanufemAaa ICP-Ms daduiiues



45

4.1.2 navesszatunsviuize
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2FeCls + 2H ——» 2FeCl, + 2HCL 2)

dvsuimalnmideniinsatalddy dewrifivszezianlunaihuiazendu 3 5 7 uay 10
Faluestu mmimmmﬂimaﬂ‘mLmuﬂﬂumiaymdm 2.3ppm 2.7ppm 8.3ppm Uaz 2.8ppm AU
Fauiiulen fszos L';aﬂumﬁmﬂgﬂimt,wmu Uinalmmfendignezeanunfezdaniuiu udiilo
sroznaTlummhuiRsenfindudu 10 Hlufnalnndeunduianas ieunanufiselslngla
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TAndungneu Suhldusmnalnmdenfiawnsaasaialidmanasiues 33lasuiasemsda
LARIFIANNIST (3)

TiOCl, + HO Ti (OH) 4 + HCl + H, (3)
e
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Ujjisennnane Synnaunadienuuvessdiendidumis 27.5° %L‘W:umﬂsuumemwuuammsuaunm 7
T Bufidyyraumadenvudugietuiilduddmumia 20 = 31.2° feaenrdesiudygrunisdenuu
yos39Aendvosndn Fe,0, 715511 (220) JCPDE 65-3107] LiesanvaigtinUfAzeinisvrludianan
5-6 dlus ilviszquadlansluasavaneluszuuifinnssuiunislalasisdatuih shlmAanissudives
looouszning wén uazeendiau uarsusznauwmanoonled (Fe,0q) iiesanluszuuvaenszuiuns
ity fusinallesouveandn waveondauannwedufnnisrausiulial
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4.1.4 anwzdugIU karsMeIAUITENaUTRIRUNIANMTEL NI DAL LUA

EHT = 20.00 k¥

MNoise Reduction = Line Avg

JUN 4.10 nnaneaIndesganssmidianasouluudeansin (SEM) e (a) usdawludfiunazideniie
\ATOIUAMIEANUDANANIUEY Wag (b) usBauludniiiunszuIumsvemeRouluimungay
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Snwairdugruveausdawludvisniou uasndsrunszuaunissy uansiegud 4.10 Tnsusdaw
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Rays Spectroscopy (EDX) LLamﬂugﬂﬁ 4.11 awnAsuNsnszaeiivessnesfuseneuradwsdaiulud
wazusdauiludfhiiunszuiumsveieleuluiivingay lngnansnsenefmiamdsnuresesdusenoy
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fudounnuiitentesnssuiumsseieasavanensnlelasraosntiu 92an59LEaN0NINKSDa
wludBudu feufiterlesouvesnasiu (Cl) Feaenadasiuusmnaunaninsanuluasazaisly
nszuauNsYe dwaliansndnsaeiildiduasuseneulnmielaeenlediifanuuIaniifiuuniu
(14]

a 3 IS a (3 a cal 1
15199 4.1 MssesAlsEneuMLAlvowusdalug LazusdaludiiunssuIunsTY

Element [lmenite Leached ilmenite
Weight% Atomic% Weight% Atomic%
Oxygen (O) 23.46 49.16 23.68 48.33
Aluminum (Al) 1.95 2.04 1.86 2.25
Titanium (Ti) 40.48 28.33 60.74 41.40
Iron (Fe) 34.11 20.47 13.72 8.02
Totals 100.00 100.00 100.00 100.00
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Spectrum 1

5] 10 15 20

m i Spectrum 1
5 10 15 20
FuII Scale 488 cts Cursor: 0.000 keV

SUT 4.11 adnefimdsnusiaiafiesduseneuues (a) usdawlud uay (b) usdawlluditiunszuaunis
svanelfdoulaiimnsaie Tiarsasanonsalslnsassnidudy 7 Tuand 7 figaumgfivnzvinufizen 80
ssnwalda Wustezian 5 $lus
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4.2 NM3n3ENayNIAUIIUIINLIALATY
4.2.1 NAYIANULTNTUYDIETATANUNIALELATAADSN
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JUN 4.12 nsuansdSunannan (Fe) uaz Inimdew (Ti) Ngnuzainusgladu (Leucoxene ore) neldl
Reuly anududuretansavargnsalalaseaesn Nanududy 3, 5, 7 uag 10 luais Neamgiinsi
UfATe 80°c 1uszaziian 5 92l
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wazlmileuifluansararonondanszuiuve uanadsguil 4.12 nsmiwiuansUSinuvoanan uay
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safufie 3, 5, 7 uaz 10 Tuand meldteulvgamgivaeyhufiten 80°c wazszozialumsigizen
5 Falus wut fasaranedudy 3 lwansuanansoataman warlmmdonsenuild 473 ppb way 667
ppb anuas Weifinanududuvesansazanensalalnsnassndu 5, 7 uaz 10 lwa1s Yunamweandn
mﬂaﬂmaaﬂmmimmwmmmmm 837, 14,942 uaw 9,803 ppb auaiy dmsulsunalnmdeud
Qﬂﬁﬂ(ﬂE)E)fﬂ:(ﬂ‘EJﬂiw‘UTLm’]i“Uw(ﬂ’JSﬁﬂiauaﬂﬂﬂiﬂlﬁiﬂiﬂaaiﬂuu dlodiuuinannaduduvesansazate
nanlelnsrnoinUimalnmieniignuzeenuniuaenadesfuumamesviniignuzeanin foUsunm
1‘1/1mLﬁauﬁgﬂaﬁ’ﬂaaﬂmﬁmmLﬁﬁu%’uﬁuaﬂmsaxmsmimlaimﬂaa%ﬂ 5,7 way 10 lua1s fAp 1384, 9434
waz 3195 ppb AuEIRU Mratuuansiiuidlofiuanududuresasazarensalslnspasinazh
I USuneuueaman LLaﬂ‘mLmﬁamgﬂaﬁmaaﬂmﬁmmﬁﬁu Hounanenudufuresasazaiansalelas
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Tnntlenlunstunaneenun wanusinuaudutuvesasazangnsalalasaassn 10 luais Usunaves
widnuazlnimifleungnadnesnuntuiidiianas Weanantussuuildansavarensalalasaassnidudu
10 T,:uaﬁﬁfuﬁﬂ%mmﬁuaﬂﬂizf\]ﬂaﬂsﬁmn6] Jrdamadion1ITINmLaziinanandaeilvifaindevesgla
Fupaolsa (Tiocl,) wanIRaauns9 (1) mmimmmaaﬂaalimuul,ﬂﬂmﬂmiwmsflu'iuuwaqmmm
YBINTEUIUN IV uena NI BIeMANeENININUIAlATULE s lninidendadusinesduszney
wanneluusalaguisgnuzesnuinie muumamﬂuiwwﬂiumﬂiuqq‘lmu LazUszqnaslsni
wniune szvilminnissudveslszgiiaeswiiaduaisusznounionaslsdndovuuRiveusale
= o § v a ! 1% o aaa Y} ] = Y o9 v & = a
Fu vilbvinsalalaseaesnliaunsaidnluvihugiterduusgleduld vinlviwan waglnnilleuignyzesnun
1w iAan1ssaudaiulszyeaslsntussuuiinlurssudsvesnianaslsiinliusuuveunanuas
Innfvaluasavanstuanasmnannis (1-3) [Ref. reaction/hydrolysis]
a aa ~ Efd s ] A O des =

nswmssneynpulunilnmdeulaeenledluesauseneuainusalaguty Afnwifwaves
Auntuvensalalasraein lnevinn1s AT eRauinIsnANAULAIYOIE1TALANENENAINTTUIUNTS
Yruandlugun 4.13 n31mlaUnasuN1IgANAULAIURIEITAZANEN1ENEINTTUIUNITVY WU d@Tavany

[ P~ 1 A = wa I~

AYVRINTTUIUNTTVEILAANTUAILUYIIAIINY1IAGY 300 — 400 urluiuns Fadunisaudhinisgandu
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Tiiuinderinsiiuusunuanududuresaisazatgnsalalnsnassn AUTNY0ITYIUDINNT
ANAULARENAINIINTY uinReulvildasazarensalalasaaesnidudu 10 luais
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srezlan 5 $alu



57

asazanvaziansauiiinisgauansiidesninteulvansazarsildnalalasaasinidudy 7 1u
13 iloswnannfinududuaisazarensalelnsnasin 10 Tuansesdiudinamesdsyyraslsrluszuud
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4.2.2 audAinlasaasunEnvese A ANKMIENINLI g lATY

dmfunsiieneilasiaiamdnveseynediniouainuigladu InsAnwitadeanududures
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an§ MuUFRseTigungd 80 esmuwaliualussezina 5 Halus Seguuuunisifeauuresiidiondues
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& v a « = ¢ = = ¢ ' ' 8 & a =
Wenddendveslninilloulaeenlenfe nansunnauasudnglng insizdn usalagududlnndeule
¢ I3 o 1A v v a s
sonlealussnuseneusesay 70 - 80 waneulvanudutuvesasazatunsalalasaassn 10 luans

wUIRENUULIUMSABIU LTS Alendisums 20 = 45.0° uay 55.5° Gsaenndosiuzuuuunis
denvuiidiendvoandngladusendaaslas (TIOC) tiosnluaunisuansufisorluaunis (1) ans
wanfausiintuldeindevesgladu sz ihiinrududuresasazaensalelnsnaesniduduiiviia
Uszgaslsngs viliAnlonianissiumivessyagladuimnnannufidoinssuiuve wagdszqmasiuly
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naiavesdediondliwaneiaty feduanusoasulddn dmduniaeioueyniaiiigladudu
psdUsznauTNuigladulpenszuiuntsaaslsdiu aunsoldmsararensnlelasnaesniduduiimngay
Aa 7 luans



intensity intensity intensity intensity

intensity

A - Anatase
= TiOCl:
R - Rutile
——10M80C5H| " = T ]
_ R N
L A £ R A R <
] Ih | ] T . ]
—— 7M 80C 5H | ]

20 26 30 35 40 45 50 55 60 65 70

2Theta (degree)

58

JUM 4.14 JULUUNITIEE1UNY059AL0NGY090UN1ATIATENAINWILATY NAIUTUTUYDY
a1sazatensalalasrasinidudu 3 57 way 10 luads vufasevigungll 80 ssrnaaideailu

SreEan 5 T3l



59

dll a dl d‘ o % al d‘d =l & & I3

WafinnsaumReuleiinsandwsunisessusynianiilnnidenleesnleniussiuseneu
MnusgladusenszuIuNsYEieaasld 9INN13ANYY kaginTeinamUTInaman waglnitleu
gNYLRBNUIIINUIGLATUIININALA ICP-Ms auTRn15QANSULAIVEIAITATANENSINTHUIUYE T
anusavendeyailesiuvesaisusznogmanaaslsniiinlunszuiunsye wavauiinnudundnues

A oA ~ = PR ~ ¢ <
AENOUNHIUNTEUIUNITYE Nudteuleiimansanluniswienoyaiandlninteulaeanledidy
aaAUsEnaUliufe ansazanenialalaseaasnidudy 7 tuans Neamgilunisvifisen 80 esrwaldya
Wuszezingn 5 Falud

4.2.3 dnuwairduguveteuneiwisdlaanusglady
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EHT = 20.00 kV

ise Reduction = Line Avg

JUT 4.15 n1e1891nd839anIsAuBanAseuLUUARINTIA (SEM) V81 (a) uiglafuiiunazidensieinsos
UAMENUBANEINUEY Wag (b) wsglafuniiunseuiunsvemeReulunvansay
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M13199 4.2 AN131909AUTENOUNLATVELIALATY LazusglaTuHIUNTEUILNTTYE

Element Leucoxene Leached leucoxene
Weight% Atomic% Weight% Atomic%
Oxygen (O) 42.04 68.28 44.60 70.35
Aluminum (Al) 471 3.12 0.38 0.36
Titanium (Ti) 51.55 27.98 54.34 28.98
Iron (Fe) 1.7 0.62 0.68 0.31
Totals 100.00 100.00 100.00 100.00

Spectrum 1

0 5 10 15 20
Full Scale 488 cts Cursor: 0.000 keV
F Spectrum 1

0 5 10 15 20
Full Scale 488 cts Cursor: 0.000 KkeV
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4.3 auUAnuasvasaynainsenanusdamlun uazusgladu
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JUN 4.17 awnasunisaanfusasveswsdawlud, wsdawludiiiunseuiunisse, usgladu wavusg
laguiiniunseuIunsyehs Idarsazaensalalasrassnidudu 7 luais Ngumgiivaeyinjizen 80
aarwaed [WussezIan 5 9l
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v 1 £ L

dvsuandinauasosuidanilud wazusgladu Mineuuasndsiunszuiumsvzsedould
wanzanfe 1dansavanensalalasnasindidiu 7 luas fguvglivasyhufise 80 ssmwaidoa 1y
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Aefinsganduuaulutisninuenadu 325 - 450 unTuas WeiAinsganduniAuiumALay
199719M8 991U (Energy Band Gap: Eg) A18735 Tauc Plot LLaﬂﬂugUﬁ 4.18 (a) ATUINAILAULTDIIY
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uaundssudesiald 3.2 Bidnnseuliaduandluzuil 4.17 (b) msiduaundssudeusglaguiiniy
nszvIuNsvERdesdUsznoundnidulmmidonlasenled annnanisiesiziautinidasaiieain
Hrefuiudiduaundinudesiunnisnmndelasenledp2s Wunainansmminiivasviely
wiglafunievdenssuiursuazuszngidndulaveidolulassadrvedlnndoulaeenles il
Tndelasenlediisdunsziannusgladusenssuiunmsvmeasazaiensnlalasaasinnnels
Houlviingauduisasnmsganiunanydeunias [32]
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31nTUa38BU WWuN1sERUARY (surface area) Tun19vUAsen Jeihmsiengimeanuiiamemain
BET (Brunauer-Emmett-Teller technique) LaRINARIAITIT 4.3

NUTIUNUTRIVRIUN1ATLAASLUAT19N 4.3 wudteunIATmSeuLsglATuTWLRY 19.07
MssunsAens Fadla1desniteynianesuulaainusdaiuludninunma 27.34 m1s1unsaensy ue
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AnanUsunaednindeulneenleaneglusunamaseuls ldldvuduiuiiiveseynianldlunig
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sunguvassynaildlunisveageu wansliiuiteyniaildlunisnageutuduianidvuinvesgngu
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111077 50 WL ULNAT 1E8991NN5INAMUAUNUSTENIN9USUINSAUANUAURUNNS TUT S NwULAA18AZAY
funsiguiuuany [37]

a =

M15799 4.3 USIauinuiiiny (surface area) veseunaiinseulaanusdawlud uazusgau

Wuifn
o , wmgw?u
fAIDEY Single point BET Multipoint A)
(m?%/g) BET (m?/g)
Leached leucoxene 18.41 19.07 147.8
Leached ilmenite 26.92 27.34 291.0
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4.5 M3uszgndldounanimseulaainussssuyif Inenisinasuauniaimsenlaasuu
nssLUanuLaN

4.5.1 NMIIATILNEUUANILEINIUNATANTELN DY

MNNsNAaeIiounnaialanwsgladulaenseuunssssgasazaensalalnsaaesn
melaRaulvimunzay 1viinseieuasuudunssilomium lnenszuiunsundey lnefnwivie
Ya9fUsEaU (binder) ngwUSeuniousening wedeviaulneea (PEG) wazwadhiflalnlssiau (PVP) Tny
ToPNUuTUYDPIUSEEIUYININUAD 15% Lagwla LLaumeaaumﬂmaﬂmmm,l,saimummmmmu 1%
Tngthviindeusinms uwasynmeieseiautiniuassienisianisas e uresd Ly u,ammsﬂm 4.21
aqummmsazwammmzwaqmmmmmaaumaaumﬂlmmLuaulmaaﬂlmmﬂmmﬂLLiﬁismmImEJ
Wiguguriinvessnussaume wederiaulnrea (PEG) waz wadhiflalulsslau (PVP) a1nns1nuand
AUNATUNITALTDUVBITUNTLLUDIUNR 22T U HUANITALYIaUNYIMIIULNIAAY 550 - 800 UNLULUAS
a v A o & & oA a 9 PR ' =~ P
fimsazviou 40 - 50% wazlilpiununseilasiiadaumeeuniaiwseuanuigladulagldaisazans

a aa 2w ' v A A o o

nodeaulnanealusiiusyaIu WuINISASYIaUNYIANNENIAAYE 400 — 550 UNLULUASTANNSALIDU
Us23184 20% Lazv19Aue1InaL 550 — 800 WlUlLRsHAIN1SaETiauluag 50 — 60 %
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—— LEU/PVP coated ceramic
1 —— LEU/PEG coated ceramic
leached leucoxene powder
uncoated ceramic

% reflectance

I I |
300 400 500 600

wavelength (nm)

JUN 4.21 alnasunisagvewesnssilesiunifnieumgeynialninilisulaeenlediainainus
sysunAlnglUTeuTisustinvesinuszanupe wedletiaulnaea (PEG) uax wedlillalnlsSlau (PVP)

[T o & = S P 1% A~ ' =~ Y ay a a
Wudgiutununssilssieioumesunafiwisanuigladulagldasazarenedlidalnlss
Tnududauszanu ddinisasvieundiendsivguuuunisasviouvesiununselesiinioulagld
a aa < v & A = ISP 4 1l
ansavanenediefiaududiuszaiu AeNyisnrue1Inay 400 - 550 urluwns densasviousgi 40 -
50% Wagiivaennue1InaL 550 - 800 wnlulun sl sasvieu 50% lngidletsuwuunisasyiouitinla
IINTUNUNTELUBIRIBEY WS ufisuiuFULUUNSaETRUTRsIaUNIATATEN AN LI lAT LTI
n1sagyauluyaa 400 — 800 ULULIAS WU NTLUBINATRUAILBUNIATLATENIINLITITUYIAUY &
sUwuumMsagiauluge 400 - 550 WluunIAMEATATUTULUUNTALNOUYBIBUNATIATELIINUIGLA
= - Y A = = v DY)
Fu luraggluuunisagioundienuenaiu 550 - 800 uiluunsisuuuunisagveulnaifsaiunis
avviouvesunsuiUasnlignindeu

MnmTnTeiautRnsagiourasiununsudesfindousseyniafisisnanuigladu Tay
Tussanufiunisfuasoiinnsiuaragunadosuld nssdosfindousseyniatuiiansus
yiadouiineg ennnniunuindeudulizuuuumsagiioufiuandrsaintusunssdosnd o
Hunsfigaid ansfiedevineguuiununssdesiu ashnsfignilaswadanisieivuidiondues
FUIU UALATIINEINDIRUTENOUULAUIIT UL
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4.5.2 NMIIATIERANUANINANAIELNATANISLAYIUUVDISIALD NG

msnTiauiAnsdnvesiiuinnsndeshuniiedousseynelnndeslaeenlediinios
Mnusgladu neldsussaumeinfuuandusui 4.22 Geguuvumaidisesidiondvastunsuias
Usnafilifiansiadouuanidieguil 4.22 () nudninnindsnuuresdsdiondfidunis 20.82° uay
26.62° BeduiusiusUuuunmaisnuuiidvesnendviodanousonled fisrurundn (100) wag (011)
U (JCPDS 01-089-8936) Tnsgun1suuuidsaiuuvesisdiondiiinanduaunssidosiumniy
AR NAuTIiFanouLTussiUsznevIviliAnmsdinisesiududaneusenledidogninandmdu
Fusunsulosdium dwiviununsadesigniadeudseynalunielaeenledinisuainudg
Tnfulagldiussanusisinfuduaniguuuunsiaeiuuvesisdiendluguil 4.22(0)

Q - Quartz
R - Rutile
N B A7 N ¢
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1 i 1 A 1

20 25 30 35 40 45 50 55 60
2Theta

JUN 4.22 sUuuumsiieuuvesiadiendved (a) Tunseilosnligniadeu uasnsuilesligniadeusie
Inmiflealaeanledanusgledulasiuszanudu (b) wedefidulnaea wae () wedlilialulsilay
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[ Y]

dmsuiivsraruwodlnlsilou uansgUuuunisideauuvesiadiondiisiums 2082° uay
26.62° BeduiusiusUuuumaisnuuiidvesnendviodanausonled fissurundn (100) wag (011)
PEIRU (JCPDS 01-089-8936) fiduvitls 25.42° uay 27.44° Fsduiusiuszuumaiionuuomane
UM (Anatase) 15Uy 101 JCPDS 01-073-1764) kazszununansing (Rutile) fiszuru110 JCPAS
01-075-1755 ) madduuazgula 22 (o) dwisususzaurianediefidulnaea nensudesiigniaden
Tngldfuszanuiunedioffulnanoauanisumaienuuresisdiondlndifestusuuuunmaidionuy
vos¥sdonduasturuillithuszanunedliialnlsalou fosUuvunsdeuuresisiionduosaianddi
Fuvitls 20.82° upg 26.62° dnFusuviinisdisnuuresiidiondiiius 25.28° uay 27.56° duius
fusUuuunmsidsnvuresisdienduessinouna uazglndnudidu m1nnsmgUkuunsAsaluuTes
Ydondvestununsudesiigniadeusseynialnmisulaeenludfiatnainuigladtu uandvidiui
sunabaifleslaoonlsdtugninfeudnfuiusunszides Lﬁa%ﬂﬂﬂ’]iﬂi’mgiﬂLLUUﬂ’]iLgﬁJ’JLUUSU@Q
iamaﬂwmwmmaﬂ‘maamﬂammmJufuunmaEJ’wauaﬁqaLaﬂaﬁumlmmmaﬂmanlm FINANTT
yaaoumudundniy aenndestunanmsdianeianifnisagiiourestunu Aeletusuiigniadou
seeynalnmidlaoonludazyiliadnnsunsasviouvesuantasuuiasly

453  AATzranuazdugu uaresRUsEneumaAiivesiuiinsilasgniadey

n3aAsIzRANTRNId g IWINE193YN1AN e AN INAIBAIINABIRaNIIAUDLANATOULUY
d09n30 T,mEJé’wmzﬁuﬁwaﬁumzLf‘?@qﬁmmﬁﬁthgﬂLﬂ?ﬂ'ammmﬁqgﬂﬁ 4.23 AINE1BAINNADI
Qanssmiblanaseunuudesnsindiidswens 1000 W wag 15,000 i uansliiudnuaeiiuinvesiio
ﬂimﬁauﬁué’ﬂwmzﬂﬁw6’]Lwiuﬁ'?i”uﬂimﬁaﬁmL’%&Jaﬁaﬁ’ul,ﬁu%u’uq IGWEJLLﬁﬁ%%ﬂLLNuﬁﬁ%uﬁﬂLLagg‘Ui'N‘ﬁ'
uansrsfuly Sadugussitling saudsueilivueuduiuiaziflovhnsindeusisoymalmmidey
lneenlesfiatnanuisssumilagldasazarenedieiaulnanoaduiussaunineednuasituia
“Ua\‘i“UUﬂiuL‘U’e)WmﬂLﬂaaULLaﬂ\‘iiuiﬂV} 4.24 ANAIBIINNABIFANIIAUBLANATOULUUABINTIA LAA
aﬂwmwammmmwummwmmmuwawmmaaumﬁammﬁlwLmuﬂmlmaaﬂlmwmm 1,000 ¥
waz 15,000 1911 LLﬁﬂﬂ‘Vimmwwummawumum Luawmmaaumaﬂwm gAasuluniAnde 4
aﬂwmvmaﬂaumﬂﬂi‘vmaaauu%umvwawmmaau Imaumﬂwm $1UH7 L‘Uuaumﬁmwmﬂwma

% o)

’i‘Ui’N NANMNAYVUIR LLAS i?MlUﬂﬂﬂﬁ@J@Uﬂ’]ﬁLﬂ’] G]’J@'EJUUWUN’J‘UUQ']UﬂiuL“UEJW]‘L!LN’] e iU‘V] 4.25

&
a

m‘wmwﬂﬂaawammuaLaﬂmauwuuaaqmmmaqwumﬁaumumwLuawmmaaumaaumﬁ
1‘1/1mLuamlﬂaaﬂlmwaﬂmmmLiﬁiimwmimﬁl%miasmstaalaualwIiaTmuLﬂumﬂiumu‘mmawsnsJ
1,000 1911 uag 10,000 i1 wudriiuAavesdusrunssilesgniadeuiisoyniaiifivunn uargusied
LANANAUNY 5m7iy’q€fqmesl,ﬁﬁqmémﬂﬁngﬂzjuﬁuﬁngé‘hagjuuﬁuﬁasﬁumuﬂﬁzLﬁaa 1NAINAIYIN
ndpsganssmisiinaseuuuudansia asnsauandiiiuieynalnmideslaeenlediiedovasuuiu
ﬂwﬁmﬁ?w,mzaguuﬁuawm%umumzﬁm LLazLﬁﬁ)LﬁUﬂTﬁﬁqf\]ﬂ’j’]E)‘Qﬂ’]ﬂ‘ﬁlLﬂ’]%@@jUU‘ﬁUﬂ?ﬂ@ﬂ%ﬂﬂi
eadudulnmdenlaeonlas azvinisiasizdmesddssneunanaiidrsmaiianisnsyaneiives
W99 (Energy Dispersive X-Rays Spectroscopy: EDX,EDS)
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20.0kv 9.8mm x1.00k SE 2017/10/30 15:1I2 :

20.0kV 9.8mm x15.0k SE 2017/10/30 15:16 I

U7 4.23 Amd1enndosganssmididnaseunuudeininavesnseilesiumniliindeveynia

aa

11/1mLuaulmaaﬂleejwaﬂﬂmﬂLLiﬁ'ﬁimr] fANnndavens (@) 1.0K waz (b) 15.0K
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17H0/30 16:35 |

20.0kv 9.2mm x10.0k SE 20

JUT 4.24 nManeaNNdesganssAuBanasaukuLdeInTInTeenseilaafumfiadeuaunia ey
lneanlednainainussssurflasldnedieiidulnanea iWudivszauiididwens (a) 1.0K wag (b)
15.0K
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20.0kV 9.4mm x1.00k SE 2017/10/30 16:03 :

JUT 4.25 nMMaNeaNNdesganssAtBannsaukuLdeInTIneenseilaafumfiadevaunialnnilen
lneanladnainanussssuvdlagldnedlidalnlsdlau Wudiuszaufidideens (a) 1.0K wag (b)
10.0K
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M157199 4.4 aedUsEnauMwAlveInssilasAuRINmdsunIsayniatnvitleulaeanleanadngin
5558 Lagldiussauiuansneiuiuangneiu

PEG binder PVP binder
Element (% wt)
Uncoated Coated Uncoated Coated

Silicon (Si) 24.96 16.84 24.96 18.52
Aluminum (Al) 12.99 11.79 12.99 10.81
Oxygen (O) 44.93 39.09 44.93 42.20
Iron (Fe) 5.63 5.13 5.63 5.32
Titanium (Ti) 0.48 17.85 0.48 13.34
Gold (Au) 5.50 5.72 5.50 6.84
Magnesium (Mg) 1.33 0.63 1.33 0.82
Calcium (Ca) Yl 0.49 1.91 1.68
Potassium (K) 2.22 2.42 2.22 0.41

AMSUNITIATIEVRIAUTENOUNINATIMEMATANTINTEANUMIVEING 11U (EDX) vastiunseiiod
A ! A le dy A I Y = 1 U % 1 a aa
nligniadau wazdunseiiesngniadeulagldduszaruniuansdsiulawn wedieiidulnaea (PEG) was
wodlillalnlsdlau (PVP) wansssalerusenay wasUSinuingianuaiinisen 4.4 lnenseieasunsv
Ldrrunszurunsinfeunsianvasdusenaulailann asdusenaunany laun @anau 25% oxaiitiu
13% 08NBIU 45% LLavﬁ’mamUivﬂauauﬂ i wian gladu wuni@ey waz Tnuvadeu \Wusu a1
finusmesdUszneumninetiiennintununsyidestundemaniuainsssued vliasanusg
psfUsznouiivannuans uazndievhmslinnzimsinesdusznevtesiunszidosigniadousseunia
lnmdleulaeanleanadinainussssuridnuii s1gesRUsenaunsranuadeiuiuIunssilosund
~ e - a 4 a = A a = PN &
WigauAUSIuNasIanuUasuLlas Ae Usuiavesiglninilley JUSunasanuinaIniuain
0.48% TU3wnaniindudu 17.85% dwsunsindeuildarsazarenedoiaulnansaluiuszaiy waz
13.34% d1m5unisiadeudildnedlidalnlsdlauiluiivszaru 9100an15mna0UsuI1v0959)
aeRUsznavansaasulad sunaiiniginegundununsslesianslusuaigainndesgansseu
didnaseunuudeinsntulueymalnimideulaesnled WownannavesUSunasiaueslniviieyla
ponlynilAinglunienainseuunsiageumgaunalnmilisdlasenled Tuvaeisimesadsenay
44' RN T < v Y
duaiimiiasundasiviantesiviniu
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4.5.4  audfmisef)isennienasuad iU iseiinas uuuRIN Lo RN

1.0
0.8 e S
0.6 -
S
@
0.4
| —=— without ceramic
—@— uncoated ceramic
024 —a— LEU/PEG-UV irradiation
| —¥— LEU/PEG-Visible irradiation
0.0 T T T T T T T I T T
0 60 120 180 240 300

irradiation time (min)

SUT 4.26 dpsin1sgesaanyddeudunidileniunisuiunisdesaatglagldfaiseuiisennisuasuuiy
nszilosiuwen taeld PEG Wususzanu
nsanwanUAnIsludusUfATeeveseynalads uaIuUNURIUeITUIIUN T IR

YU 9LYNAISANWINIUNTEUIUNTEBEAA18EgaUdUNSILsA1TUT (RhodamineB: RhB) nnelawag

Fanshlaanviioie waznasdansihlaeasided Wuszeziian 5 92lus Inesnsinisdevaalsddau
UNITUANIAITUN 4.26 Wansdnsnstegaateddendunidnatglduasdansililaian lneldease

UAseuansiunudl nsdudni wansdnsinisdevaatvddeudunsdnielinansdansililoan
Tnglafinsivansdiansaufizennisunas nudianuduturesddeudunsgwnuliinisiuisulasiiansan

1
a6 v

NanvaslduUNTINAAsUT N TUdUATIN 1 dunuiealnun Adauduniduuliauisadesaanylates

= ] A

aelauasdansililotan nduvinisnaasdlasnisiiBunssilesnlignindevasiale ldasly
a1sazaneddouduvsd RhB wazvinn1sfinwmdninistevaaenieliuasdansililoan dadnsnisees
aaeuanslunsmidudues azduldiauduvesansazaneiimsUasudnies Js01ainannsgadu
=y & = & a & Ay ) S a o LY [ ] a
Yo3gunTzilodllownaniuiinssiUsstuiidnyus Jutuiunsiududutug ((sanainam SEM)
a1aviliinnisgaduddondunid udu dmsunisfinwdnsinisdesaaneddondunie Neaensi
nadssutuieldiludeyadneds antwinisnaasmngninsgeaaeddendunidlagldvunud
wasumgaunewisulinnuigladulagldfuszauineiiniu wazyinimaasaneliuasdnsilile
[ o % Y = = Y 8% a o 1 o
waluszeziad 5 Paludlanadensinlugun 4.26 Fansviduduntu wansdniinistesaaisddon
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sunddlaglitunuiiedouieeuniefivisuainuigledulaelinediefidulnaeaduflsyau Sns
dovaaneddon 50% Weszoznadniuly 5 $alus luvagiinghdudvuyuanssnmstesaansdden
sunidlaglidunuiindoumeayniafiniouainuigladulasldwedlialnlsslaudusussa ns
dovannetonddonld 40% esreraduiuly 5 Siluaduiertu lnensmisaoadu wandiifiuiy
N1351980989R N1 aeaaeddondun3gaiuuisevesdnsauizenmisnas lnsUfase1venange
UfATefouas waasluannisd 6 - 7) UgAsedussuisorseuasiuaindusefizelnmidenle
ponledlésundnuanuasiiiAngidinasou (o) warlea (h") wandluaunis (5) 9ntu Bidnnseudase

gyUAsesanduiu eendiau (O,) silvAnguilasoendiau (-0,) luaunis (6) diulaadsyiuizen

pennduiiuii bAAnUszqlansentia (Hydroxyl radical: -OH) luaunis (7) [35]

TiO, + hv — e +h' (5)
O, + e — 0Oy (6)
H,O + h* — “OH =Kt (7)

dmsunszuiunsyeganeddendunIdiinainUseydaseannuisemisauisemenas Aa
wUiloean®iau (-0,) wazUszlansandadasy (-OH) lnguseqdasenass 9eviuf)isen eendiatu -

q
a

a v o v v a a e’d‘ k24 a gj o v = vV a § aa ¥
39NTU AudTeudunIdnle Iﬂﬂﬂig‘ﬂq@ﬂi%uu‘ﬂzﬂ’]ﬂﬂiﬁaﬂEJWUﬁB?J@QﬁEJ@@J@U“VliEJ VliJIﬂiﬂﬁiNIllLaﬂa
a h‘ddd ¥

vunlnguazdudeu Tlauinanasses anaisavateddendunidniidty audrsegainasaudu
azanglifd (ownanlasiaduluanavesansinnsiudsuuasly [36, 37]

mmuﬂ3~muﬂ13‘1/|maEJU1Jiua‘maﬂm‘Lumﬂ%wawumuﬂiyLuaamumemmaaumaaumﬂ
ﬁmiammﬂmaiﬂ%u f\m/nmammmunswaumsaaUaawaaamaumamamﬂ%wawmmﬂiuLUEN
ﬁgﬂLﬂaE]‘UWJEJE]Uﬂ’]ﬂV]LGﬁEJEJmﬂLLSﬁ'ﬁS@J“UWI T,msJmaamwn'\sEJaaamsjaaamaumﬂmmavmamemw
7 4.27 amwmiﬂaaamﬂaaaaﬂ,uwaumﬂmamlusﬂ‘v] 4.27 wansiaUszansawlumslddve stuay
ﬂiuLU@ﬁﬂULNW%QﬂLﬂa@‘Uﬁ’JEJ@Hﬂ’]ﬂVlLG]iEJiJ‘\HﬂLLiQIﬂ%u Tnesnsnistevaaeddondunisluadausn
anunsagevaansddendunsels 50% Weszezaduduly 5 4alus seunvhnsmegeuseudl 2 uay 3
Snsnsdevaansadoudunidainsadosaarsdfensunidldanannde 40% saeiseu Inonanis
naasaiienaaoumslisudity awsaazuibosiulddn Furunsadosdumniindoussoyniad
wisnanudgladu lngldnediefdulnaneaidudiuszaudu amnsodinisinduuldels
Uszansnmiiuenaiinsanaadndes



76

1.0
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0.5+

C/CO

0.4 | = Ist
{1 | —®@—2nd
03 | —A—3rd
0.2

0.1+

(J.U T | T | T I T I
0 30 60 S0~ P20

T \ | I T -
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time (min)

JUN 4.27 Uszdnsamluldgrvestunseilamiumniniousiseunialnnieslaeenlen lnsfinulag
nszuIuNsinuiselunistesdarsddousunsdnieldnasdansililowan

455 @auUfnuYauNIvRIRINTE B

autiiawldveviivesiiuiinssdosiumniindoudeoyninfiatnainuigladu lasld
ansavaneiiUszansinsuiiniu fewedieniaulnanea waznedlhilialnlsslau anwisavihinisieseilag
Tinadamsinyuiuiavementhfoiufintun Tnglduimadwasauszasiuau 10 lalasdns vemas
vuinFununssdesiunn wagdesudendosdineariud aintursvhmstayududassrimenthiy
fntununsudes uagmanaassiagnssiluannediiia lifinsowadelalifutununsades Tnona
nsesesiuansiegUi 4.21 TaefaFeudisufuseniniiuia 4.21() nssdesfumsssuaitlinns
\wReuify 4.21 (b) Fusunszidesiusniigniadeudesusraunediendulnaea 4.21 () nswidosdu
wniigniadevinfseynialmmieslaoenlediiatnanuisssuvalagldnodieidulnanaoifus
Usvanu 4.21 (d) Fununssdeshusniigniadousefuszanunedhfalnlsilau uas 4.21(e) nssidos
funfignindeviiasseymalnmideslaeenlediiatinanussssuvlaglinealdalnlslnudud,
Uszanu ilevimaneathasuinssidesfumuda iadyududa sunnysdudavesionssdos vesty
gy (a) annsafnanyududandsld 26.4° lurnefidunaaou () © (d) waz () Sawududanis

21.6°80.7° 21.9° hag 58.1° MIUAIAU AILANILUNITIN 4.4 PNNANTNAFDUNIAYUTUNAN UL
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€

[ (% (%

wUNTEUBY kavduunseiaangnindieuiisaurasindeulnelifiouninasiimyududalndifis iy

D XD

79 20 - 30 a9 lurnziitununsuilesfigniadoudsouneiiviounuiglauannsninasudusa
161 80.7° waw 58.1° dwiSutununsndesiindeudsoynafivisunusssaualaeldfussauned
lofidulnaoa uaznedhidalnlsilau awdifu Gawanismaasunansliifiuineyniaiignindovasuy
Fusunszidesiuniy dwadeayududaitald Wewnnneynafisuedenldanuigladubud
lnnideulnoanladidussdusenoundn egninniedouasuuiiuintununsadesiumn Seilvidu
nszilaafignindeuseynintu uansauifinuliveuiidesnaushinuvednndelaoonled Tay
nawndeveyniafideuldanuigleduidnmieylroonlefidussduszneutu demamndnuiiuia
Wasuulasld Tneandanuiiufivesdiduiidunnniussisiavenit vildndsnuiiuinvensadosd

1Y

Ateead Thlvean A ussisiaininndy ansaasguilunenild [ lnensvegeuiamnsaagulaa

v v [
a =] 0y

Furunsziloslugniadeusiigoyniain3euainisgladuedass tazianwaauifosnudaduauda

vaslnnillenlneanlydnilussdusznaunanainusgladu [31,40]

d‘ ! g o 9°J 491 a ‘&’ a d‘ 4‘ !
$135799 4.5 m’i’mLLammmqmummawqmmuuwummzLuaammmmaaul‘umaﬂ

Specimen Contact angle measurement (degree)
(a) Uncoated ceramic 26.4 + 1.6
(b) PEG coated ceramic 216+ 1.3
(c) PEG/LEU coated ceramic 80.7 + 2.1
(d) PVP coated ceramic 219+ 14
(e) PVP/LEU coated ceramic 581+ 19




CA left: 27.31

(a)

A left: 81,07
A right: BO.6Y

(b)

(c)

PENE—— .

CA left;_71.9%
A vight: 2700

Ul 4.28 m3in

3

! (d)

! (e)

NudulaveeauienadavaulinInuldyeutiivesRinseilad (a) lifinszuiunns

78

ey (b)inszilesngniadeumeneiieidulnanea (o) Hinseilesignindeumesunialniniesls
sonlesineldwediofidulnaneailiudiussa (d) fanszlesngniedausenedlhifialnlsslou uaz (e)

Anszilesfignindeumeeuynialnniliewlaeenledlaeldwedhifialnlssinududsyanu
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uni 5

dyunan1vnaag

51  d3unanisneasg
a v Qy dy Y o a = ¢ v =

NuITeFuilaviiniswseueyataunlulmnideylasenled drunssuiunisniaailag
nszUIUNISYTMEaIsavatensalalasnasin Juduaisusznouraslsflunszuiunsnssuaynia
lnflevlaeonledainus dawlud wazusgledudaluussssuvdndlnmdeulaeenladidy
asrUsznou weltiluagedeuiinssilaafium WwaiivantAvissenshitunssilasfumndady
HARANIINYUTUVRIUTEWALNY

dmiuniswisuauniabnteulaeanledainus Sawlud wavusglagutuaiunsawmisulay
nszvaunsmaaiilagldansazaransalalasaassnduiiviujise lnefnwimleuleiimuisaufe
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Abstract. Over past decades, titanium dioxide-based materials have been recognized as effectively
practical photocatalysts for purification of toxicity waste. However, pure TiO, photocatalyst is
highly active under ultraviolet illumination. In this work, the effort has been focused on the
synthesis of titanium-rich materials starting from minerals ores ilmenite ores and leucoxene ores by
ball-milling process in combined with hydrochloric acid leaching method with optimized
conditions. Crystallinity and morphologies of as-prepared samples were characterized by X-rays
diffraction technique and scanning electron microscope. The photocatalytic activities of both
derived-materials were studied and compared by degradation of Rhodamine B organic dye as
organic toxicity compound under ultraviolet light and visible light. The results illustrate that the
leucoxene-derived sample exhibits superior catalytic performance to the sample derived from
ilmenite ores due to the greater Ti-content of the starting leucoxene ores.

Introduction

Titanium dioxide (TiO;) is one of promising materials and applied in various industries, for
example, white pigment in painting industry, photocatalyst reaction, photovoltaic layer and ceramic
coating material [1]. The prominent properties in TiO, material is proposed to good photocatalyst
especially in photocatalytic applications. TiO, surface coating based on photocatalytic application is
notable for public furniture, manufacturing and building [2, 3]. Normally, TiO, component is
naturally found in animal, plant and mineral ores. Leucoxene, rutile and ilmenite ores are main
phases in mineral ores composed of titanium (Ti) iron (Fe) and oxygen (O) element [4]. Various
processes present to extract TiO, product from mineral ore via hydrothermal process and leaching
process [5]. Comparing with both processes, the leaching process is highly interested method due to
non-complex system and facile equipment during the synthesis. The crucial parameters of TiO;
synthesis from ores are studied with acid concentration, retention time, retention temperature and
solid/liquid ratio [7, 8]. The optimized condition of chloride leaching process was revealed in
literature reviews. Therefore, the important key roles of leaching process are studied to the
purification in the product. Meanwhile, high energy ball milling process is one of potential process
for the reduction precursor size relating to the enhancement of leaching reaction between precursor
and acid solution [6]. It is consequently believed that, the enhancement of purified TiO, extraction
can be significantly improved by leaching process assisted with ball milling process causing the
effective photocatalyst in photodegradation process.

This research is focused on the preparation of titanium rich materials for low cost ilmenite and
leucoxene ores using chloride leaching process. Before leaching process, precursor was loaded in
high energy ball milling process. The optimized condition in leaching process was determined at 7
molar of hydrochloric acid, retention time 5 h at 80 °C. Moreover, photocatalytic activity

All rights reserved. No part of contents of this paper may be reproduced or transmitted in any form or by any means without the written permission of Trans
Tech Publications, www.ttp.net. (#98272493, College of Nanotechnology, Bangkok, Thailand-18/08/17,12:30:09)
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comparing with raw ore and leached products were investigated by dye degradation reaction under
ultraviolet and visible irradiation.

Experimental

[Imenite and leucoxene ores were supported from Sakorn minerals Co. Ltd., Prachuapkirikhun
province in the south of Thailand. Hydrochloric acid 36% concentration (analytical grade) was
purchased from Univar Ajax Finechem Pty Ltd. Firstly, ilmenite ore and leucoxene ores were
milled by high energy ball milling at speed 600 rpm for milling time 30 min. After that, 3 g of
ilmenite ore was added in heated 7 M hydrochloric acid at 80 °C. This solution was continuously
stirred for 5 h at same temperature. After completely retention time, the residual was separated from
the suspension. The leached residue was several washed with deionized water to obtain pH 7 and
dried at 100 °c for 24 h to remove the moisture in the residue. For leucoxene ore, synthesized
process was used as same condition for leached leucoxene residue.

The morphologies and crystalline properties of raw ores and leached residue were observed by
scanning electron microscope (EVO MAI10) and X-Rays diffraction (PANalytical X’PeoPro)

technique. The photocatalyst activity of leached residue was investigated by dye degradation of
Rhodamine B dye under ultraviolet (UV) and visible light irradiation. The photocatalytic activity
was continuously measured by UV-Vis spectrometer.

Results and Discussion
- Crystalline structural properties

XRD patterns of raw mineral and leached residue of ilmenite and leucoxene are shown in Fig. 1.
For ilmenite ores and leached ilmenite residue as in Fig. 1(a) and 1(b), the diffraction fingerprints of
these materials were identical patterns with FeTiO; structure corresponding to ilmenite phase
[JCPDS 01-073-1255]. However, diffraction peaks located at 20 = 27.5° and 36.2° corresponded to
rutile structure in plane (110) and (101), respectively [JCPDS 01-075-1755]. To investigate TiO,
extraction from ilmenite leaching process, intensity ratio between 1(104) peak at 20 = 32.5° and
R(110) peak at 20 = 27.5° was calculated. The intensity ratios of raw ilmenite and leached residue
were obtained at 0.96 and 0.72, respectively. The decrease of the peak intensity ratio in leached
ilmenite residue was occurred because of the elimination of iron composition from raw ore after
leaching process relating to the weak intensity peak of ilmenite phase in leached residue.
Meanwhile, the diffraction peaks leucoxene ore and leached leucoxene residue in Fig. 1(c) and 1(d)
located at 26 = 27.5°, 36.2°, 41.4°, 44.1° and 54.5° were corresponding to rutile structure in plane
(110), (101), (111), (201) and (211), respectively. Anatase phase in the samples was investigated at
20 = 25.4° and 48.1° corresponding to plane 101 and 200 [JCPDS 21-1272]. Moreover, the other
peaks of Fe,TiOs phase was obviously detected at 260 = 27.0° and 45.0° [JCPDS 89-8066] after
leaching process. In case of the intensity ratio of leucoxene material, the diffraction peaks of A(101)
and R(110) were investigated for the comparison of TiO, extraction. The intensity ratios of raw
leucoxene and leached residue were obtained at 0.13 and 0.18, respectively. The intensity ratios of
leached leucoxene residue were increased due to the removal of iron concentration after leaching
process leading to high concentration of Ti content in XRD pattern [10].



Key Engineering Materials Vol. 751 815

leached leucoxene
leucoxene

R(110) %cachgd ilmenite
ilmenite
R(211)
B(lll)\‘ R(101)
A(101) I| R(111) R(201) h
| B(141) A(200) d
LJW. ___MMJJWK_.AW N‘w‘w\wu(u_)
=
&
;) b A ‘\MM‘A- A
S 1(104)
5]
= 1(015)
R= - /‘ I(I]Ol L 024) 1(116)
At Al ®
J A w)
T T y T " T 4 T . T \ T T T ¥ 1
20 25 30 35 40 45 50 55 60

2 Theta (degree)

Fig. 1 Diffraction pattern of (a) raw ilmenite, (b) leached ilmenite residue, (c) raw leucoxene ore
and (d) leached leucoxene residue.

- Morphology characteristic

The morphologies of raw ores and leached product of ilmenite and leucoxene monitored by
SEM characterization are illustrated in Fig. 2. The raw ores of ilmenite and leucoxene appeared in
fine and coarse powder liked irregular structure with various particle size and dimension as depicted
in Fig. 2(a) and 2(c). After leaching process, the morphologies of ilmenite and leucoxene residue
combined with fine and coarse particles identical to raw minerals as shown in Fig. 2(b) and 2(d).
However, the particle sizes of leached ilmenite and leucoxene were slightly decreased due to the
reaction of acid solution on mineral surface [11].

- Chemical element analysis

Chemical composition in the samples analyzed by EDX analysis is shown in Tablel. The
chemical compositions of all materials were composed of titanium (Ti) iron (Fe) and oxygen (O).
The amount of Ti element was investigated in leucoxene ore compared with ilmenite ore. This
result interpreted that titanium rich material must be occurred in leucoxene ore. For the composition
of ilmenite ore, it was consisted of 29.73 %Ti, 36.89 %Fe and 33.72 %0, respectively. After
leaching process, Ti content of leached ilmenite residue was increased especially 37.40%.
Meanwhile, the amount of Fe in leached ilmenite decreased to 23.0% due to the removal of Fe ion
in chemical reaction by acidic solution [7]. Similarly to leucoxene ore, the starting composition was
composed of 49.79 %Ti, 1.52 %Fe and 48.69 %0, respectively.
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Fig. 2 SEM images of (a) raw ilmenite, (b) leached ilmenite residue, (c) raw leucoxene and
(d) leached leucoxene residue.

Table 1 Chemical element from EDX analytic.

Element raw leached raw leached
(Yowt.) ilmenite ilmenite leucoxene leucoxene
Ti 29.73 37.40 49.79 53.18
Fe 36.89 23.00 1.52 0.64
O 33.72 39.59 48.69 46.18

After leaching process, Fe concentration was decreased to 0.64 % because of the reaction of acidic
solution with raw leucoxene ore relating to the increase of Ti concentration (53.18 wt%). Therefore,
Fe contaminated composition in raw ores was removed by leaching process to obtain high titanium
content or synthetic rutile phase in the product according to XRD result.

- Photocatalytic activity

Photocatalyst activities of leached residue by ilmenite and leucoxene were studied under
ultraviolet (UV) and visible light irradiation using Rhonamine B (RhB) organic dye as organic
compound as illustrated in Fig. 3. Leached leucoxene photocatalyst showed the best performance of
photocatalyst activity by 40% RhB degradation under visible irradiation for 120 min. Meanwhile,
10% of RhB concentration could be decomposed by leached leucoxene residue under ultraviolet
irradiation. For leached ilmenite residue, RhB concentration was slightly changed after UV and
visible irradiation. Leached leucoxene residue showed good performance in photocatalytic reaction
owing to the influence of more titanium concentration and strong rutile phase after acidic leaching
process as confirmed by XRD and EDX results. Meanwhile, leached ilmenite residue performed
less photocatalyst activity compared with leached leucoxene because of the stable ilmenite phase as
shown in XRD pattern [12].
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Fig. 3 Degradation of Rhodamine B as organic dye concentration using leached ilmenite and
leached leucoxene residue as photocatalyst materials under ultraviolet and visible light irradiation.

Conclusion

The titanium rich material was successfully prepared from leucoxene ore using chloride leaching
process as purification method assisted with high energy ball milling process. The intensity ratios of
leached leucoxene and ilmenite residue were increased due to the decrease of iron concentration
after leaching process as calculated from XRD peaks. These results could be proved by EDX
analysis that Fe composition from leached leucoxene was leached out to 58%, while, 38% of Fe
element in ilmenite was removed compared with mineral ore. Meanwhile, high performance of
photocatalytic property was obtained from the photocatalyst of leached leucoxene residue by the
decomposition of 40% RhB concentration under visible light irradiation.
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Abstract

This article focuses on the investigation of hydrophilic property and photocatalytic activity of synthetic rutile-based thin films
prepared by conventional dip coating method. The synthetic rutile was prepared by chloride leaching process for purification of
synthetic rutile from mineral ores and was coated on glass substrate with binder for several times to reach designated thickness.
UV-Visible spectroscopy technique was employed to study relevant optical properties meanwhile the crystalline structure of
synthetic rutile-based thin films was characterized by X-ray diffraction. Surface morphologies of the coated films were monitored
by scanning electron microscope while hydrophilic property was observed by contact angle measurement. Photocytalytic activity
was evaluated by mean of the degradation of organic dye Rhonamine B under ultraviolet light and visible light. The improvement
of photocatalytic efficiency was obtained by synthetic rutile-based thin film under visible irradiation compared with reference
film without leached phtocatalyst.
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1. Introduction

Nowadays, titanium dioxide (TiO,) materials are populating in many industrials because of their various
properties such as self-cleaning application, antibacterial, white pigment and sunscreen component in cosmetic
industrial [1] resulting to the increase of TiO, demand. Therefore, several research try to studying the product of
synthesize TiO, from natural because TiO, is found in the natural in form of mineral ores such as ilmenite,
leucoxene and rutile ores. There are various processes to synthesize TiO, from mineral, for example, hydrothermal
and leaching process.[2-3]. The leaching process was interested method due to non-complex system and facile
equipment during synthesis. Meanwhile, high energy ball milling process is one of potential process for the
reduction in precursor size relating to the enhancement of leaching reaction between precursor and acid solution [4].
TiO, material is proposed to good photocatalyst material in photocatalytic application. The applications of TiO,
surface coating base on photocatalytic application were used in public furniture, manufacturing and building [6,7].
TiO, coating process on substrate has been reported by various methods such as thermal evaporation method,
sputtering and wet chemical process [8]. Among of these methods, wet chemical processes via spin coating and dip
coating process is proposed due to facile operation and low cost. Mostly, TiO, films prepared from sol-gel solution
process were chosen by optimized method depending on the application and specimen size.

This research focuses on the synthesis of rutile TiO, composite film by leached leucoxene residue prepared by
hydrochloric leaching process with high concentration. After that leached leucoxene films were prepared by dip
coating method on glass substrate using TEOS as mixing binder. The photocatalyst efficiency of composite film was
investigated by dye degradation under visible irradiation.

2. Experiment
2.1. Chemicals and materials

On this research, tetraethyl orthosilicate (TEOS) was purchased from Sigma Aldrich, hydrochloric acid from
Ajax Finechem, absolution ethanol from Merck. Leucoxene ores was supported by Sakorn Minerals Co.,Ltd

2.2. Synthesis of synthetic rutile materials

Synthetic rutile powder was prepared by hydrochloric acid leaching process from leucoxene ores [6]. Firstly, the
leucoxene ores was milled by high energy boll milling at 600 rounds per minute (rpm) for 30 minutes. After that, 3 g
of the milled ores was added to 100 ml of hydrochloric acid solution at 80 °C and continuously stirred for 5 h. After
that the precipitate was separated and washed with deionized water several times to obtain pH 7 and dried at 100 °C
for 24 h. The synthetic rutile powder was obtained in yellow powder.

2.3. Preparation of leucoxene/TEOS ores gel.

The gel solution was used TEOS solution as binder solution. 20 ml of TEOS was continuously stirred in 70 ml of
absolute ethanol at 70 °C. After that, 5 ml water and 4 ml hydrochloric acid were added to solution and kept stirring
for 2 h. Then, the leucoxene leached powder was added to TEOS solution and stirred overnight at 70 °C to obtain
viscous solution.

2.4. Preparation of leucoxene/TEOS thin films.

Firstly, glass substrate was cleaned by using ultrasonic bath for 15 minute with DI water, acetone, methanol and
isopropanol, respectively and dried at 100 °C for 10 min. The leucoxene/TEOS films were prepared by dipped
coating method using 70 mm/min as dip coating speed and bake at 100 °C for 5 min to obtain leucoxene/TEOS film

[7].
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2.5. Characterizations

Optical properties of synthetic rutile-based thin films were investigated by UV-Visible spectroscopy technique,
meanwhile, the relevant crystalline structure was characterized by X-ray diffraction. Surface morphologies of the
coated films were monitored by scanning electron microscope while hydrophilic property was observed by contact
angle measurement. Photocatalytic activity was evaluated by the leucoxene/TEOS photocatalytic films of the
degradation of organic dye Rhonamine B under ultraviolet light and visible light irradiation.

3. Results and discussion
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Fig. 1 XRD patterns of (a) raw leucoxene ore and (b) leached leucoxene residue powder.

The crystalline structures of leucoxene raw powder and leached leucoxene were observed by XRD technique as
illustrated in Fig.1. The XRD patterns of leucoxene ore and leached leucoxene powder at 20 = 27.5°, 36.1° and
54.4° were related to rutile (R) phase relating to 110, 101 and 211 plane [JCPDS 01-075-1755]. Anatase (A) phase
obtained in diffraction peak at located 20 = 25.4° was identified to 101 plane [JCPDS 21-1272]. Meanwhile, the
contaminated material as brookite (B) phase was detected at 26= 27° and 45° [JCPDS 89-8066]. Other diffraction
fingerprints were similar to FeTiO3 structure as ilmenite phase [JCPDS 01-073-1255]. The presence of anatase
phase in the product was calculated by intensity ratio between A(101) and R(110) diffraction peaks by XRD pattern.
The increase of anatase phase intensity of leached leucoxene residue was evidently occurred. The intensity ratio of
A(101):R(110) of raw leucoxene ore was approximately 0.13, while, the leached leucoxene residue was valued as
0.18. This result indicated that strong anatase phase and synthetic rutile materials could be purified by using
leucoxene ore in leaching process [3].

The absorption spectra of raw leucoxene ore and leached leucoxene residue were shown in Fig.2. High
absorbance spectra of both materials at 300 nm in raw leucoxene and leached residue were corresponding to
titanium dioxide phase. After leaching process, the absorption spectrum of leached leucoxene residue between
wavelength 400 — 900 nm was obviously decreased because of the extraction of ilmenite (FeTiO3) phase from raw
leucoxene. These results implied that strong synthetic rutile of TiO2 product was obtained after leaching process
corresponding to XRD results [3, 4].
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The morphologies of leucoxene/TEOS films were investigated by SEM images in Fig. 3. The morphology was
obtained flack liked structure from TEOS used as binder solution and dispersion of leached leucoxene residue
particle in film were obtained in SEM image. To confirm the presence of leached leucoxene residue in film, the
element compositions of film, raw mineral and leached leucoxene powder were investigated by EDX technique as
shown in Table 1. Ti element on the film from EDX data was identified by the leached leucoxene in film. However,
high concentration of silicon element detected because of TEOS binder and glass substrate. The low concentration
of Ti element on films because the TiO2 was dispersed as particle

3.0 leach
nonleach
2.54
S 2.0
<
2
Q
_g 1.5
3
-0
<
1.0
0.5 4
T T T T T T T T T T T T )
300 400 500 600 700 800 900

wavelength ( nm )

Fig.2 Absorption spectra of raw leucoxene ore and leached leucoxene residue

The hydrophilic property on leucoxene/TEOS films with different dip coating speed was investigated by contact
angle measurement under various light source irradiation. The contact angle measurement data of leucoxene/TEOS
films was shown in Table 2. High values of contact angle on leucoxene/TEOS films in non-irradiation condition
were approximately 68° and 49° by dip coating speed at 70 and 100 mm/min, respectively. For UV irradiation on
the films, the contact angle value of dip coating speed 70 and 100 mm/min were 22.28° and 15.12°. Meanwhile, the
reduction of contact angle value on the film under visible light irradiation was approximately 40.18° and 22.00°,
respectively. The improvement of hydrophilic property by leucoxene/TEOS films was obtained at dip coating speed
at 70 mm/min due to high Ti content on the film according to EDX result in Table 1. The decrease of contact angle
of leached leucoxene films under light irradiation was obtained due to hydrophilic property from the amount of
TiO2 on the films. The lowest value of contact angle by leucoxene/TEOS film was occurred under visible irradiation
corresponding to the proper activated region of this material due to Fe impurity in leached leucoxene [12].
Therefore, the active wavelength of leached leucoxene photocatalyst showed high absorption spectra in visible
region compared with non-irradiation and UV treatment
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Fig. 3 SEM images of leached leucoxene films varies dip coating speed (a) 70 mm/min and (b) 100 mm/min

Table 1. Chemical elements on leucoxene/TEOS film by EDX analysis.

Element 70 mm/min 100 mm/min Raw leucoxewne leached leucoxene
wt% Atomic% wt% Atomic% wt% Atomic% wt% Atomic%
26.28 38.03 26.82 38.27 - - - -

(o] 35.22 38.27 37.27 39.93 48.69 73.99 46.18 71.98

Si 57.99 23.51 35.46 21.64 - - - -

Ti 0.51 0.19 0.45 0.16 49.79 25.35 53.18 27.73

Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

Table 2. Contact angle measurement of leucoxene/TEOS films using different light source irradiation.

Sample non irradiation uv Visible
TEOS+Leu 70mm/min 68.497 22.285 15.120
TEOS+Leu 100mm/min 49.472 40.184 22.002
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Fig. 4 Photocatalytic activity of leucoxene/TEOS film compared with pure TEOS film.
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The photocatalytic activity of Rhonamine B (RhB) degradation using leucoxene/TEOS photocatalyst film under
visible light irradiation was conducted as illustrated in Fig. 4. RhB degradation rate was obviously occurred under
visible light by leucoxene/TEOS photocatalyst film. RhB concentration was decreased after prolong irradiation time
compared with pure TEOS film due to the influence of high Ti content by leached leucoxene photocatalyst on the
film. Low efficiency of RhB degradation by TEOS film occurred owing to non-activated TEOS photocatalyst under
visible irradiation.

4. Conclusions

In this work, leucoxene/TEOS film was successfully obtained by dip coating leached leucoxene powder on glass
substrate using TEOS as binding solution. XRD results showed that the increase of anatase phase and synthetic
rutile phase of leached leucoxene residue was evidently occurred. Meanwhile, well-defined formation of TiO2
structure was occurred after leaching process as corresponding to absorbance spectrum. The photocatalyst and
hydrophilic properties were depended on TiO2 from leached leucoxene. The improvement of hydrophilic property
of leached-leucoxene/TEOS film was shown by the decrease of contact angle under light irradiation. Due to the
highest Ti element concentration on dip coating speed at 70 mm/s on the films as shown in EDX results, the lowest
value of contact angle was obtained under visible light approached by mean of contact angle at 15.120° from
68.497° compared with non-irradiation condition. Meanwhile, the photocatalytic activity of leucoxene/TEOS film
was higher than pure TEOS film due to the influence of high Ti composition and Fe dopant by leached leucoxene
residue in the film.
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