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ABSTRACT

Nowadays, nanostructure materials derived from Titanium dioxide (TiO,) have been
attracted attentions owing to their excellent properties and important applications such as
semiconductors, catalyst, and water treatment materials. However, nano TiO, materials are
relatively high price and must be imported from abroad. The aims of this research were to study the
preparation of titanate nanotubes from Thai ilmenite mineral by hydrothermal method with a Thai
Teflon-lined stainless steel autoclave and applied as the photocatalyst.

Nanotubes were synthesized by hydrothermal method using Thai ilmenite mineral at
105°C for 24 hours. The chemical composition, shape, size, crystalline structures and specific
surface area of the as-prepared samples were characterized by x-ray fluorescence (XRF), scanning
electron microscopy (SEM), transmission electron microscopy (TEM), x-ray diffraction (XRD), and
Brunauer-Emmett-Teller (BET) specific surface area. The prepared nanotubes were applied as the
photocatalyst under ultraviolet (UV) light.

The prepared nanotubes had an average inner diameter around 6-8 nm and outer diameter
around 10-20 nm. The length of the prepared titanate nanotubes was approximately 100-500 nm.
The BET specific surface area and pore volume of the prepared titanate nanotubes were about
96.198 mz/g and 0.990 cm3/g, respectively. Nanotubes were capable to photocatalyst and the
photocatalytic activity of the as-synthesized nanotubes was higher than those of commercially
available TiO, nanoparticles (P-25, JRC-01, JRC-03, and White Pigment). This preparation method

provided a route to fabricate nanotubes with high photocatalytic activity from Thai ilmenite mineral.

Keywords: nanotubes, ilmenite mineral, hydrothermal, TiO,, photocatalytic activity
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2.1.4 Effect of Preparation Variables on Morphology and AnataseBrookite Phase Transition
in Sonication Assisted Hydrothermal Reaction for Synthesis of Titanate Nanostructures. [24]
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2.1.5 Formation of Crystallized Titania Nanotubes and Their Transformation into
Nanowires. [25]
Y o = A 1 1 1
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{ <3| { 1 % 1
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2.1.6 Regulation of the Physical Characteristics of Titania Nanotube Aggregates
Synthesized from Hydrothermal Treatment. [26]
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2.1.7 Synthesis of High Surface Area Titania Powders via Basic Hydrolysis of Titanium

Y

(IV) Isopropoxide. [27]
Khalil 1182 Zaki [27] ladnuFesmsdunsigioyaia Tio, ﬁﬁﬁuﬁﬁmﬂﬂﬂ
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(M) Alkoxy : Ammonia : Water =1:0.125:0.387 (v) Alkoxy : Ammonia : Water =1:1:3.112
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2.1.8 The Effect of Preparation Method on the Photoactivity of Crystalline Titanium
Dioxide Particles. [28]
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Sample  Sample description Effective Specific surface Interpore
code diameter (nm) area (m?/g) size {nm)
TC-R? TiOy, rutile, prepared by the acidified alkoxide process. synthesis at 60°C 150 a3 164
TC-A? TiCq. anatase, prepared by the acidified alkoxide process, by synthesis at 90°C 200 200 i3
TH* TiO%, anatase, prepared by conventional alkoxide process, calcined at 430°C for 3k 600 £l N/A

2 All samples wers washed using sohvent, followed by centrifugation and redispersion.
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2.1.9 Photocatalytic Oxidation Using a New Catalysts TiO, Microspheresfor Water and
Wastewater Treatment. [29]
Cheng 1az Tong [29] @dnwusetfasenTnlnnzazadnlasly Tio, @i
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2.1.10 Low Temperature Hydrothermal Synthesis of N-doped TiO, Photocatalyst with
High Visible-light Activity. [30]
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2.1.11 Effect of Nitrogen Doping on Optical and Photocatalytic Properties of TiO, Thin
Film Prepared by Spin Coating Process. [31]
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2.1.12 Fabrication and Utilization of Titania Nanofibers from Natural Leucoxene Mineral
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2.1.13 Simple Hydrothermal Preparation of Nanofibers from a Natural [lmenite Mineral.
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£ 9 1 ] = o . -2 A 1 [ '
(Tetragonal) ~ B31/3gnNoUAIBUAALHUIBVOIODNAZIATA (TIO, )  WuFPUADAUIULAAE
s o 3 9 A4t [l Y 2- 1 A 1w 1
panAzaATalUIZsENoUAIE Ti' ogasinalaazgnasylang O HANIFONADNUYDILAAY
A o 3 3 [ [ = a&’f = 9 ] 9
ponazdasalunaeuaivizuanaenuoen 1 lunsaiveuag Indiwnerdesnunms14d

' Y

YouuazNUeIeonazdaialumfoune lasauiiogaseduniuveseonazdasarzgn

U

e

4 1w ° a & . . 1 o 1w a §
Wonaenui Idinaiuidunse (Linear Chain) uaagidutiugnionaonu lagldoondinuiiog
Y ] v
asayuswiu danlunsdlvesrddouumaiumaouasnuveuaazoonazdaianertoeny
1 o J z 4 1T W 1 [ J [
m3ldveusawiumniu mareusenuveaazeonazdasaveuay Induazeuumeauanasda

319 2.50

69



Rutile form Anatase form

1 2.49 manuuug Induazezuimaves Tio, [32]

Qah

e 4 59208
) & TITAAH i V) & TiTdNLe
O OXTGEN 5 O orgen
 E———— B o - -J
4
(n) manuug Ind (¥) WANLUUOTUUNE

511 2.50 g1/519maAnves TiO, [32]

U

a o . Y Y Y ! . a o J a 1A
i eni Tio, M 1miua1¥@u12 (White Pigment) lunaananvatoyiia wu d

a 4

= = A A = o a a 4 1 v g 9 dy
winiul Anauo1nms uaziniodn endilu wardan wsind uilalulseaniludu venaini
[ A @ a Jd ' 1 4
Tio, Saligaautiatloanuudininaie1Mndsznines19nay 260-700 nm lasd1wsnganay
{ (] ' [ {
ueregd (Ultraviolet Light) tazdznounasiveunu ladisanilar (Visible Light) aagili 2.51
@ 3 9y Aa KX a o . I 1 < 1 Y a o A o
asiuguaadedonii  Tio, wvuiludrumauluudlawduamihuazaiuiuuan iiveflosiu

duATIBveIHIIIINLauaa Tagina i Tio, selimdetiinvgalszana 2.52.7  uagil

A K v A . = < <3 <3 '
AUTNUANULAILALNDDYNIA TiO, mmmaﬂauﬂuaumﬂuﬂu (ﬂléﬂWﬂﬂJuiﬂLaﬂﬂ’ﬂ
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A Aa 1A = a A 1o Ao ) A
100 nm) HIONITINNUANVALIBYAALEYY (Ultrafine) ) AMAFUWNNUNIVDY TiO, vzlasulal
Mldquautianisgandunawazeeniuasiiuveseynau Tunanaislvnveseynia
o A . A Ay Y 4 v A
W A931lN 2.52 oymiau Tu Tio, ansnganauudeg? Iduniu uazeeuInuasianuen
[ Y
AAUTZNI1 400-700 nm (Visible Light) tianssu1d uenaindiilosnineyniau Tuwes Tio,
< a ] a o
HvwiadnmsnsziieveaudsiiueynIn - Tio, 3una lduinuazityuuay (Narow  Angle
. @ A o Y . =) ' a d? @ z A o
Scattering) A4317 2.53 i1 leumau Tu Tio, BanuTdsdlamavu auiy wereyniau Ty
. Y A = |Qy = . a o o = A A
Tio, M1 luasunuuaa asuez lineas 11909 TiO, DUAINITINAIINMIATY 307

= S S v ' L.
TN UATUNULAAADIHY (Invisible Sunscreen)

M9 212 autianemeninii o lives Tio, [33]

%E] Titanium dioxide
ga3 luana TiO,
ﬁymﬁﬂimaqa 79.9 amu
anvuzuazd YBIFIFV
9109 2500 °C
JAnadUINAD 1830 °C
auammzve e 5'lna auUNd
AW NI (Refractive index) 1.903 2.49
ANUHUMUY (g.ocm”) 1.903 3.84

2.2.1 Tio, AugaauiiamailuTwlanzazaad (Photocatalyst) [32]

o ¥ A £ / = <3| 2 o o Aa wva
ﬂiuﬁﬂJUﬁVIﬁWﬂﬂJ@ﬂﬂizﬂ’]iﬁuQﬂlﬂﬂ TiO, ﬂf’)ﬂ?iLﬂUﬁ"ﬁﬂ\iﬁ'f]uTVINﬂmﬁN‘Uﬁ

4 a

a1 Tanzazaad (Photocatalyst) TagdasinistnalgnserInlauanas lage

A LA ~ < v & L 4
(Photocataysis) RGN TiO2 TINVUINVU Lll@'f]uﬂ’lﬂ TiO2 HUHINAN @ulﬂuwall'ﬁ]'lﬂWUVIN'J

H v Y
IUNE (Specific Surface Area) ‘ﬁmﬁummaumﬂuﬂu
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\R‘ e &0 ooty 6 e A 1isn 1 500 e PG MWW
e Wavelngth {im) |
517 2.51 msazdounasue Tio, [32]

[0 S
O wmer v ﬂ)
- Ligiht
E LI
E o Camemercial balk Tilk parimekes
LR 2
I = N
£ Lol il 0 2 = L]
— MASELEAGTH
¥ L - )
Namolirarm TH0s nameg s rticle
V)
[ ]
| |E s
E = 1
e
|
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) " 4 500 o b ™
—— WOYRLE2ITH -

(M) TiO,

(¥) oyMAU1 U TiO,

‘ljﬁ 2.52 L‘]Jiﬂ‘]JmEI‘]Jﬂ'Iﬂ'ISﬂﬂﬂauuﬁﬂ"ﬂ’ﬂﬂ TiO, Lm‘vaumﬂuﬂu TiO, ‘nmmmmu 0.003%

leniuea [32]
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i | wide angle

| Wide Angle Scatlering --> Haze lﬂrmlnﬂuka!tm——:*&ee through Quabty
L e . /

]
IS A 1 U

311 2.53 dnpuzyumMInsz@voaInawiIuIag TagNun1Inszavo A yNIAYZ ]

ﬂmﬂﬂiﬂmﬁmumamsﬂﬂiwwg (See-Through) [32]

Band gap : 3.2 eV : !
\ J

517 2.54 mana T lauanez lagaves Tio, [32]

Y
A

[ a aan a . a ] 1 Yo A
wanmanalgase I lauanaz lagaves Tio, awisnefiuieedisdte o laaail e
. Yy v A o v s @ o
TiO, gﬂﬂiz@umah\lmu (Photon) UBLLAINUNAINIUNINNNAMDUALNY (Band-Gap) U961
% a 1 o a a - § '
Tio, #enasziiadszmm 32 evaziild  Tio, iMagoianasou (¢) uazlea (h) g
adg A a dgl dy o aaa [ a :} a I J
alanasoutas lsalinavuilazsinlgnseny Tuanaveseandiou (0,) uaziii matlugilinles
o Aa v - a a v 2
pon l¥AusaaAna (Superoxide Radical, 0,) uaz laasondausaana (Hydroxyl Radical,»OH) 9
A a dgl 3 Y = a A a 4
Teauazoyyalinadunidosdrnzllszaninmgeaninlunisoondlad (High  Oxidizing
a 4 4
Power) o 150UNTY (Organic Compound) LA 13’8’)1!1/1%&11?]3 21184918 (Volatile Organic
A Aa . o a Ay 13 A o
Compounds, VOCs) MMegNHIV03 TiO, (CO,) uaz“Vlﬂ‘ﬁwawaﬁqammﬂumw"lmﬂuwmu

Y 4 4 gl
1aun msveu'laeon loduaziin
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Hogtiusmuanl§aser InTauanas lagaamisosisavaniigneduiadon
] ' J 4 @ 4 a
pd195u oon leaveslulasiou (NO) oon lsavssdainos (SO lavondu d151sem
= Aq ¥ A < A A 1 4 o A J
msdszneunasiu ashdnaumiunionau luilseasanazarsouasieous Tushway
9IMATINDIUANIS 8 Escherichia Coli, Staphylococcus Aureus, Aspergillus Niger, Pseudomonas
A
< o aaa a . (Y
Aeruginosa ezt namsngnihate ladlelfaser i Tauanaz Tadawes Tio, Idmuri
A A s o . = 9 o ~ Y ]
MINMIN TiO, HAwuuaungs Tio, Jedesmanasnunnuagd lumsnszduld
a a =) ~ o w ) . @ 3 awv @
el Tangazaad e lnlidedinalumsir Tio, llldau duiuddldinmiseuaziaun
a4y 9; da a4 2 o
Tio, Tawsoldaulunasnlinnueaduie sy tasninnasa W nFouasiawgn
[~} @ { { 1 o 1 1
wouniu'ld (Visible Light) aegii 2.55 nTeldamwnsaldauluaniwdlufivaeld dredrusu
@ v Av A 4
MINAUI N-doped TiO, 118z Apatite-Coated TiO, ¥pdan1liuIdeIneImansuazinglulad

k4 l
QATINNTTUAUES (AIST) vostlszmeaiiu dudu

1%

L
L L

The conduction hand b

&

[ ] VISIBLE-LIGHT

i et

» g
o G
. B
"'g -
=

'Y
1gap efesis i
b—

Cur Products: 27 7ey|=ad0mm|"

Tilh, Promcaraiysl 320 =280nm) ‘

The valence band

Z2aN|=B¥nm}

e |

51 2.55 msaadmasuuuuausves Tio, Tasmisiausialulaswud 1 (N-doped Tio,)

wldnuuuuilues Tio, anasan 3.2 eV 11eg U319 2.77-2.02 eV TiO, 19150

Tdndenuinuasinoaiuld (Visible Light) [32]

2.2.2 m3tlszgndldnuues Tio, [32]
M3eYMIANIILYE TiO, (BYMIAYUIATNaN1 200 nm) W 1Faudulvg)
Tuflogtiuag 1415 ud 1% @12 (White Pigment) udmsanvuiavesaynia Tio, aaunuilueynia
Ty (eUMAYIIAERANTT 100 nm) M 1¥mIh Tio, 191945 TomiTinnumainwateninay

TagmniznaiulnTauanaz ladd (Photocatalysis) 11099101561 TW Tauanaz lagaay
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a & 9y 2 A . <3 v 9 o 2 Y o
ey launluiovuaeyniaves Tio, anad u g lumsindunadouveseinmauaz il
o w A < A [] 4
(Air and Water Purification) I lumstidanaumiuy nauliielseaan (Deodorization) 1410
S o ] ] a { 1 1
M3IA0IYMINUTNEIDIMIT 1AsMIaaIsdI5T21ied1s 13U oNau NNanoM U uTeuo
Y 1
HaANada U Anuazwa ldaa uonanil 1leean Tio, Inaauialumstinnuazeiaaued
[ { A I ara 4
(Self-Cleaning) #4311 2.56 tazpaautialumsiluynloes laTasan (Superhydrophillic) tiiogn
Y
nszdualeuds Vel ¥ lumsmdevitaquazdlosmsmanathuaz veaiuuumiy
. % A vad 1 S ' . A va ] dy
N3290 (Antifog) A931/7 2.57 parautianiiaulednediaved Tio, Avguauialumsxuie Isa

(%

dy a g .. . o Y \, a o Y A a a o d o
VUNUHNINIIAULD (Self-Disinfecting) mlw TiO, Hewthnlslumsindae uHIHAAN AN 1T

a o w 1 4 o o 3’ I
Tsawerwa Tugaamnssnes uazludiadszdriu wu @ed guinailuiesii idudu

=)

A . S v o A Y o Y . Yo
Uagtuo391n Tio, mammmm“lumiﬂuuﬁmazﬂﬂﬂauumm%@ Ml TiO, 1a5uanuauls

U

]

Tumsihunldluniesdronnazasunuuaaieteosnuarninuasgy I lunsindouid

a [ d A

waanuieiloanusuas e nuaIana U ldnetloanunsidonanInnsotderineun
A A 9 9 9 A a Y ] =4 P [
waraannlFnarands Jeaunaaaauin) Idadourrviaudd iy ey vaa'lnd wietleanu
a A A A 9 o & d o a d a [ a d
mMsat@enanInveunseanumeluvia lglunmsivaunuueas Hauwaraanlanuuas Wawy
[ Y o o A It 1 [l
vendeunszane1ns iudu wenvinil elimsih Tio, Tuld)se Teaniluduaie q 8n u
Y] 4 [ a o [ v Aad
Tl umsiauveuradnasnunaseMaduuuddonsmunuilan Tio, (Dye-Sensitized Oxide
I < 4 ] () I
Solar Cell) #3914 uFuIes (Sensor) TumsTannuiduduupamey 11udu
Tulsemalnentissnuszauumiinerdonaz @01 ulIVoU0 S §Ha oUW 1FU
4 a [ 4 a a a 4 a 4 1 a
PaeNIA UMY gudmalulagoanniaindiuaznoun NI 119510 (NECTEC)
4 ~ [ 1 a 4 ~ 1 a
guamaTuTag TanzuazIaquiawa (MTEC) gudu Tumaluladunarsia (NANOTEC) tag
v Av A o = 1 =1 [ 4 )
aanfuIdeIemansuazmaluladuralseme neg aa4 Sanuaulalumsdunsiziinazii
. \ ) e o 2 S o w
Tio, uazeyniaul 1u Tio, i 1d1lse Teai lumssnmanmadunadeuvesomauazii 1inia
:} = 9 a [ 4 a 0 Y L A
Wae lslumsnaanasnuvessaauaionadlslse Ty lunanisinyasuazaaoigluns
< ) 9 a [ 4 aa o w 1 A % % d Y gl
Ui s tazldlundadayt lusinlszd1iu 15U 195091500 1MA quiuNieii
IATPINT0IDINIA NTZINNIANUALD AR NTTINAULAL FAUNG U NFULVTTYOT 1Az

A o <3| 9
ATuNULAA 1TuAY
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» | »

eywmndlsn 0| IR =

Y
(n) Tio, aunsndarensuanlinais q lasldaswanilsnvgaoenainiiuiiiag 1dde
A 09} a . 3‘ = | 1 oy ) Y o_w Y
(V) tvorgaUINNAIVUNIY  TiO, neatinzaswduuiuiivi lvansasdaasnvandsnld

vigapanINAdIag lade

51U 2.56 QaauialunInianuaze1aa1ed (Self -Cleaning) Y94 TiO, [32]

s 2.57 ﬂmaumiuﬂmﬂucﬂﬂgﬂaﬂaimWaﬂmm TiO, o TiO, aﬂumwmmfn Aoy

LLNHﬁTLﬂﬂ’GUN?ﬂi%ﬁ]ﬂ@ﬂﬁﬁﬁlluﬂ\ﬁ]ﬁﬁﬂﬁlllllﬂﬂl%]WiJi!LLNﬂﬂi%i]ﬂ [32]

v d
2.3 usoanlun (Ilmenite mineral) [34, 35]
a s 3 1A A Y A& Ao < A
aam"lu‘n Lﬂullj‘ﬂﬂﬂ'NN'J'I'JﬂaWEJI'(TH$ﬁiﬂﬂﬁiaﬁgﬁ91llﬂﬂlﬁaﬂ (Iron-Black (FL)
a Y 1A A = & A X
Steel-Gray) u39au TunuusNiszUUNEN (Crystal System) 11 Hexagonal ¥#4n15NNNANVDY

~ o o vAa 1 < a
Tavg' lnnuilovoonlod (Titanium  Oxide) M I VauTAN1auuvan TagsssusIandn

76



J = 1a J 9 < A =
andszneumaniiveanssam luniazseneudie an (Fe) uuniiden (Mg) uuanmiia (Mn)
~ . ' J [ 1a J v . o J
uag nudley (Ti) meﬂﬂizﬂauﬂaﬂmmmaam"lu‘wﬂzag‘lugﬂmm FeTiO, NUa3Alsznow

A - a 7 1A o o a .
mwagslugﬂiumﬂmwumm Mg liag Mn ’E)ﬂllllluﬂLﬂul!‘i“ﬂmuW%ﬁWﬂiUﬂﬁWﬁﬂ TlO2 N

=

A A ' £ I ~ 1a 7 o
fga 1 Tio, Usznovegiszunm 50 % Fevsndsznoumauniivensoamw luiudaininisn
1a J 1 1 ' o . A
2.14 usoaw luniuoUre931932¥I19NAG99U (Band  Gap Energy) U949 FeTio, 521 139
< 1 ) 3 o { J { o @ 0 9
2.8 eV udadliiiiug FeTio, 1iudaqiiia1 Band Gap inMavangdmsumsiin liszgnaldy
9 =\ a =~ £ o o . VoA a [
Nuluamunalula®d ermsu malulada@15nani1i (Semiconductor) LHAINNNITHAALST

A o A A A 9 s o
ﬂﬁlillluVINWﬂﬂq@ e ﬂﬁzmmmmm ﬁ]!,lliﬂ'lﬁlﬂ IUae HeInY

1a -4 1
(M) uieamllu‘w (v) Iﬂﬁ\‘]ﬁNNﬁﬂ

Y 1 J ' a J
517 258 usdaw Tusinaz Taseswanveausoan luv [36]
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d' CZ o 12 I
MINN 2.13 FUUANWNNIYNINNT 9 "lﬂmmmaam"lu‘n [37]

Physical Properties of [Imenite

Color Black
Streak Black
Luster Metallic, Submetallic
Diaphaneity Opaque
Cleavage None
Mohs Hardness 55-6
Specific Gravity 4.7-4.8

Distinguishing

Characteristics

Streak, Weakly Magnetic

Chemical Composition

[ron Titanium Oxide , FeTiO,, sometimes has significant magnesium and
manganese substituting for the iron to yield a composition of (Fe, Mg,

Mn)TiO,

Crystal System

Hexagonal

TunszIumswana Uiy Anthracite 9zgniiudngimaoy lnih (Electric Arc) vua

[ = Y o A A o Y 1a o’u’/‘ [l g’ <3 [
GLWﬂJuLLagiJﬂ']iGLWWfl\3\1']1!!W'E)Vlfl)31/”1““5@@!&11!7]1!1!‘”@1@3““”ﬁ?ﬂgiugﬂu’]tﬁﬁﬂuﬁgﬁgﬂiu

o

: g A o ' < A g < '
(Slag) Ngauldae Tio, Funantamwisash lldunszuunmsagunanietuiumanvde

]
AaAa A 1

A < 1 A A J qgj I = a
mammaﬂm”lﬂ ﬂi%“lJ’JuﬂﬁNﬁ@l‘ﬂﬂﬂ13u1uulﬂumﬂ1u1@&lﬂﬁNaGWINLﬂEJ‘V]!‘JEJﬂ’H Becher

Process [34, 35]
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d' J = 1A 4
MINN 2.14 ’ENﬂ‘]Ji%ﬂ@UVH\‘lLﬂNﬂIﬂ\HLiGmMUlUVI [38]

Oxide [lmenite mineral Oxide Ilmenite mineral
(%wt) (%wt)

SiO, 0.02 Cr,0, 0.01

TiO, 52.65 FeO 47.35

ALO, 0.06 MnO 0.46

Fe,O, 2.22 MgO 2.30

V.0 0.13 Total 100

273

d
2.4 nzUIUM3slalasmesuea (Hydrothermal Process) [39]
4 A I =& A A Ao w ) o a
nszuaums lalasmesveanoilunilslwniowoidinydmsunszuiumsnan
Y] c?/’ & Y] I~ [ 1 )
Jagduge Fearwsoudsyliaqiduiaquiluldlasdronazainisoni Tl g 18 Tuan
9 1 an d a 4 o 1 Aaaa a [ 4 =
wannaea Iy 5y ma luTagaannseding  @usalgnien @5 1ln NFAUN HazdnNINUY
o (= v ] Y a A o A =
Aszuums lalasmosuea lumeaazsrelinszuiumanaanininszaiedinuavaduaz
I 49; = o A 9 (Y I £ A A o [
antuiemernulueyniaui lungauad uadudunialumatdamiauladimsy
aszurumsurTulausanazurluaouInaadndle Taonann15UBINTZUIUNT
4 A [Y] = 9 F a2
laTasmesuoa o Madunnzrnandislsznovalemsazaemeladnzgungiuazanu

YU

o a { [} 4
2.4.1 MosUeMeInUNTZUIUMT L8 Tasmosuea

]
7 A U ~

o 1 ¢ o vy 4
A1 <laTasmesuoa” gminnlfiluassnlaeiinssaiinersioingpide

e

Y

1 J /A Ia o cﬁ 9 a 4 o d'd a [ A

TN a3 151Av33a wesddu e ldlumsesinelnngmasivenimigumngiitasanuaui
42’ 2 a d‘ A £ ) 1 J v v oA 1 1

galunasnnnanslasuntasvewlaenTanguirligmsnedrvessuiiunazus s19a19 9

o 1 1 g' o 1 J ' [ Qa: o w
dr <laTas” wlain i wazdiin <mes i udad anwdou dniudunsadinannunine
J g aaa = A :I v o {
yodlaTasmesuea ldiuiuilfnseuaiila  vegluglvesarsazare uihwiediazaren
Y
Tailani) miloguuginewazanuaugand 1 ussemaluszuua
o J A 1 A 1
Tuilgiunszurunms lalasmesueauiiidwnoddeoslumaTuTladdu A q
' o 7 = =2 A A =2 A !
WINNIG IFU NTTUIUMTAUATIZH  NIZVIUNITIATOUNANNAB NI OHANIABIVIIA THTY
aszvaumInlsgd  AsTUIUMIIM  ATTUIUMSEAls  AIzuIUMIUSuANuEDeT e

Y = & a o ~ Yy
Iﬂﬁ\‘]ﬁi1\1 NITUIUNITAIUTIDDN (ﬂllalﬂﬁsb'l‘l) NITUIUNITHYN  NITUIUNTITNTNINUN
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Waste
treatment

Technology

Nano

- Utilization of
templsting hot dry rock

Calcium silicate materials

Application Trunk

Hydrothermal Roots

Chemistry

=
Biology Geology 5
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£

Ecoldgy of Ocpam {-f‘g
bettom chimnjney E._?

~ Ay D) A g o o & s
HNINN 2.60 Lmuﬂull@uhllluﬁﬂﬂﬂ\‘lﬂ"luﬂ'ﬂﬂJﬁ'llWu‘ﬁalli’NﬂigﬂﬁluﬂTSHlﬁIﬂﬁlﬂﬂﬁll@a [39]

Physics

{ 3 4 7 )
luAaassui 21 Tunszuaums lelasmoesvoa ldwaumazgnihun ldluanudu
A19 9 u1nu1e Feaseuagu ldlunarnnaredrvy venvinnszuIumMIAIeg Nl unala

laTasmesuoarin liifeates iy lulnsnw sandhledda waniida uazalfnsoundi luldh ud
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Wuaw salsmansaig q ¥ uneIdenud s unsz NN [39]

242 nszurumilalasmesueany Tio, [40]
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. 3 A g = a a ¢ A v v oA
149 Ti0O, Hudoumedurndamnalsd iesnnluaniulanuansalums

q

a 1A 4 1 @ 4
ﬂi&%\illﬁ’f\‘ihlg]}NWﬂ, UlﬂJﬂJWB LLﬁZLﬁ@ﬂﬁ@ﬁﬁlﬂﬁ Inszurumsunuelumsdunsie TiO,

o oaj [ 9 [ 4 . 9 A A A 1
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o SR J A 9 v 9 1 = oa;l o
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Aluminum Alloy Fluorescence

Mn.

Mnyg

Cu {Cool-X)

Al

Counts

Energy {keV)

Y

d‘ v v A oo a A
31 2.73 anlnasuadmendgdumizveaniglulaviznanegiiiion [42]
o S W Y o Aa o a o A v s A
Siflongnasnuganndusuiassdonduun lo To IniUnTeraoassdons  fian
] 1 o Y ~ 1 @ 1 1 Y= oo 1 =&
NIENVAIBIN I 1151 Nedneluded1a)anilass s @en s I NI YD UNLTIDDNUIE
@ I~ [ A o v A J o td' d' o [ d'
paaIHaM I U DN nIomnaTuvoITIdeng Aa31iN 2.72 az3in 2.73 Aunian
v v A 4 [ =1 1 =\ d! ddy d' =
HAAINANMIIATITONTVO AR T (5801 10 TaNA (Photopeak) FINNUNVOINA (Peak Area)

[ A [ J A @ a @ l
Wuaiuda (Count) UD3I3IALONY mmmﬂﬁwummﬂammmq“lumamq

a da v .
2.6 MAUAYANITIAUDIANAIBDUUVVADINI 1A (Scanning Electron Microscopy, SEM) (43, 44]
' o o [ adg
daulsznonuazanvazmsiinulasdavilveindosganssmisianasounuy
! . o 9 A 1 I
@94n31A (Scanning Electron  Microscopy, SEM) ttaaa 131ug 2.75  Tudiuuugazilv
1 o a adg adg & o T3
UM UiABIaNATeY (Electron Source) M3 “Audianasey (Electron Gun)” #4151 1d311)u
@ aa 1" o a [ 4 { @ 1 @
walaves SEM dianaseuninunasiuiaazgmsdinaeuiacunaunedul a1ennuaedng
Tu3190-30 kv (1amiesennilageneso kv) Tasianamsnasuiiszaiugylasaud
[l < . = 1 a ac
usiian W (Electromagnetic Lens) 2 gan3ounnai uazilsmuvesdianasouszaiugy Iag

I s A a & A ' o o v
LUDNINDTLIDT (Aperture) R "]ﬁ]\uﬂﬂ SFAUUVUIANN 9 ﬂuﬁWNﬁﬂHm$ﬂ151%31u

91



ﬂﬁ 2.74 ﬂﬁ@\‘]"l]a‘ﬂiiﬁuﬂmﬂﬁiﬂutmﬂﬁﬂﬂﬂiWﬂ (SEM)

Electron
Beam

/A

Eii

Il

LTS o Magrig:.;

Electron Gun

ToTV
Scanner

Scanning
coils

Backscattered
Electron

-___r I ,/ - Snl:lary

Electron
Detector
Stage
Specimen

ﬂﬁ 2.75 ﬁ")u‘ﬂiuﬂf]‘]J!,!,au‘Hﬁﬂﬂ']'iTlNWHL‘UENG]H‘UE’N SEM [45]

92



) A adg o [ qgj o o
UNAINIADIANATOU (Electron Source) @11SUNI SEM tiag TEM  ntidlu
) a ad { a o YR 'o I ) a
n,maqmmﬂamﬂmauﬁmmmwammzuﬁmmumﬂﬂﬂmaﬁ@ﬁmma%’mﬂmmmmmﬂ
ad Y A A o o ad A 9 g 3
aLaﬂ@lmuﬁmumaﬂimwuazmﬂmmNmmmmaﬂmaummaaﬂ”lﬂﬁmgﬂmqmaﬂ q lu
o @ 1 () Aa adg I~ ] 1 o
11ﬂi;uumm‘iﬂumu,maemmﬂmaﬂﬂmﬂ&ﬂu 4 Usznnnan 1aun alaieeuay (Tungsten
1 o A ag =Y 4
Filament) W@n LaB, (Lanthanum Hexaboride Crystal) Unadfuiadianasounuylnaanan
aa o 1 o Aa ad < dya Jaa ]
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LHAINUUADIANATO ULV UAIANITLAY nJumlsm3J1ﬂmqmummﬂmmwgmmﬂu
{ A o 1 o A adg 1
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U AIRUTUADIANATOUUUUAIANIAUAUUAZUNAIA NI ADIANATOUNAN LaB, 15Tung
Ia A aAaa o . . — 2 9 4 Y o Y
MOSNODNNDNYYY (Thermionic  Emission) &4 1um s lwaiuas anuiounvatauas 1%
1 v IR Jya 3 a 1 T o A ad 3 dy
ANuAeAngAelvdlanasoueenLIINUINAUasLaNAINLYAIN U ADIANATOULULFDAN
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anoN U lFHannsNand N FUFUIAeINY uana19 LY TnaalanolssuasINR1IURN

=2

vz 1800 K uag MMIIAARY ZnO VUTLUIUNTIN (100) YBINIFUA A15190

Q U

[ 1 o a ad 1
2.18 WSeuMeuanYULIR NIV AR UTADIANATO UL UA 9

H Y] 1 o A adg 1 4 1 o
VnﬁN‘ﬁ 2.18 aNHAUSIRNWITVDILHAINUUADIANATOULLULA 9 NANUANANGLTI 20 KV [32]

Normalized Beam
Lifetime | Source Size | Energy Spread
Source Brightness Current
i (hr) (nm) E (eV)
(A/cm’-sr) Stability
Tungsten 10" 200 15,000 1.5-2.5 1%
LaB, 10’ 1000 5,000 1.3-2.5 1%
Cold FE, W(310) 2x10’ 2000 2.5nm 0.3-0.7 5%
Shottky FE, ZrO/W ,
10 2000 2.5 nm 0.5-0.7 1%
(100)

93



2.6.1 anBULM3 19914 SEM (SEM Operational Modes)
A va o 1 | ' v @ Y
Tumalgiaanyuzmsldau SEM enua 18l 4 nqundndail [32]
. . 9o . w {9 o w v
1. High Resolution Mode : @115 U01UNADINsMdsuesges) 39doanisgaan
< £ A g ' v o w ] ¥
NIENUVIIAEN 9 Fanguizitlunguuandmsumsueaniulnseadaun Ty
. . 0 . w a9 o =2 = 9 )
2. High Depth of Field Mode : §1M$U1U4NA0IN3ANNEAANET 398039013 1%
J 4 o Aac 3
YUABUIIDIIIUAVDIGDIANATOUIAN )
. ° o a L4 < = 9J -4
3. High Current Mode : d1151UM33n3zHeeAlszneumuail laglddndisé
AoamsilSunanszuann 9 iieruaw 1 (Sensitivity) Aomsasinialsuavesig
4. Low Voltage Mode : wonwitie lnndnvazmsldau SEM Tunuuaieg
% a Jaa o @ o { o
deduluilogiu SEM Tagmwiznuuilaaddydu (FE-SEM) dedwnsainnldanm kv
v ] E4 k4 Y 9
@05 kV) 1eannms 1y SEM luanuwuziivg ladoyaiumiavudnndaatlsalsey
ALANVURAI (Charging) i I enusadnuidied1a Ll I 18 Tae lsideundoudae

4 A
AMTUOUKTO lane

1 a o aa ' oA g Qy
E‘IJ‘?I 2.76 MILNADUATNTYITSHINADLANATOULASTUITU [45]
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2.6.2 tﬁyiymllﬂﬂ@hﬂ 5] (Various Types of Signal)

) o a d’day a v Aa g 1 Y Y
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HazunaInila
ad A a o vy A o o
2. 9LANATOUNNTLIAINAY (Backscattered Electrons): “lwmayjammnumum’m
Y
manivazanvae Inlnnsilvesium
3 { o a s I {
3. 100158 (X-Ray): IdVoyanoInuriavessinesnlsznou iWudyaimnlsy
lumatia EDS uaz WDS
Y v
wonmile laindyanavanne 3 uuuiinanudaliday m!ﬁu " Bnigunay
1 <3 A . adg
meaﬂ"h\lﬂmu ¢ (Electromagnetic ~ Wave) Towdlannsou (Auger Electron) L‘ﬂii’NLﬁEN
{ a I 1 I [ 1 y
(Acoustic Wave) HAZATZUANNAINAIDEN (Specimen Current) udu ﬁmmeLﬁﬁ1ﬁﬁnﬂiﬂ
vy R 4 o\ o = v
TRdoyanmesodiunsnuruaunhasimsdnyla
Y
2.6.3 MIATEUFUNUTMTUINALA SEM
9 [ Y Y
MIA3euFUOUAMINaud T Umaiia SEM azdesnaiieananyuauld
Y Y Y Y
vua ldedratiuihag szmoed luszuugyaimanazaswilymddusz oy venvnfiFuau
o adg 4 { Qy 4 1 a [
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ad ay o Y ' v o a g 9 Yy A A 1
yosoranasoulurunuila ldaunsasudyauanddnaseunadenm ldnioFond
4 1
a . A < v o 1 o
ineilayn Electron Charging vnsuauiludnirlwiheguds awnsoriudunses SEM ldiae
' ' o 4 7 4 ar @ 4
uavn i I fhezdestunsesailames (Sputter) tiiatpdouNaNI9VRINBINTONT1 1H4

A A o Yo a Y ay o LY [l
mmwuamwmim”h/\hﬂﬂwmJw’muwawmmmmumaﬂn

T

[
Specimen stub q

Specimen holder

Specimen Stage

51 2.77 aﬂym‘“aﬂﬂiﬂ;‘ﬂhhﬂﬁmaﬂumamqmmumﬂm SEM [45]
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a d v |l . .
2.7 1NAUAYANITIAUATOUUVVABINIU (Transmission Electron Microscopy, TEM)[46-48]
1 Y] o o [ a d
daulszaeuuavdnuazmaninulasiinuduvlvesndesyanssmisianasou
HUVEDINIY ( Transmission Electorn Microscopy, TEM) uﬁmll’sﬂugﬂﬁ 278 nded TEM
1 o a ad @ [ 1 1 [ { 1
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Aa g a o
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o ad ] aal A A Y < a d’l o A d ~ tiy
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J v . . 3 ] @ J 1 3 A @ A
Plane) Tagtauding (Objective Lens) 1ntiudzru llfuauduimandn 3 @1 iiovenouay

uﬁmmwawmammﬂé’m TEM

~ ) ’a ' '
E‘IJ‘VI 2.78 NADYANTIAUBIANATOULUUTDINIY (TEM)
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|solator
Saurce of Electrans

Condenser

Binocular Magrifer

L \ r— | Fluorescert Screen
| | Camera

Y

2.79 NApaaNIIAIBIANATOULLDHIU (TEM) [46]

=D.
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2.7.1 anyaznWN 1danmadia TEM
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Contrast Mechanism) N 1¥1unisorenmndeamsiiaauenueziosnil 104 uazna'ln
a [ 4 { 1 { o W
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2.7.2 MIAENFUNUTMSUINALLA TEM
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51 2.81 danlsznevvesnasanansdiond [45]
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Y 4
UIUIT BUUNN Lasnalans (Brunauer, S., Emmett, P.H., and Teller, E., BET)
Y2 o . o a A 3 Aa
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Thermocouple

Ceramic heater

Sturing Motor

Solid state relay

Sturing Motor Speed
Control
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Membrane filtration
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Characterization

- X-ray fluorescent; XRF

- X-ray diffraction; XRD

- Scamng electron
microscope;, SEM

- Transmission electron
microscope. TEM
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o Measurement

¢ Measurement conditions
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Preparation of Nanotubes from Thai limenite Mineral by Hydrothermal Method
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Abstract

Titanate nanotubes were synthesized by hydrothermal method at 105 °C for 24 h using Thai
ilmenite mineral as the starting material. The prepared samples were characterized by X-ray fluorescence
(XRF), X-ray diffraction (XRD), scanning electron microscopy (SEM), Transmission electron microscopy
(TEM) and BET surface area. The prepared titanate nanotubes had an average inner diameter around 6-
8 nm and outer diameter around 10-20 nm. The length of the prepared tlitanate nanotubes was
approximately 60-150 nm. The BET specific surface area and pore volume of the prepared titanate
nanotubes were about 96.198 mz/_(] and 0.990 nn13/g, respectively. This preparation method provides a
simple route to fabricate nanotubes with low-cost material using Thai autoclave unit.

Keywords: Nanotubes; llmenite mineral; Hydrothermal; Titanate; TiO,
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Preparation of Nanotubes from Natural Ilmenite Mineral by Hydrothermal Method
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Rajamangala University of Technology Thanyaburi, Klong 6. Thanyaburi, Pathumthani 12110
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Abstract— Titanate nanotubes have been successfully prepared by adopting ilmenite mineral and sodium hydroxide (NaOH)
as the starting material via the simple hvdrothermal method at 105 °C for 24 h using Thai autoclave unit. The chemical
composition, shape, size, crvstalline structures and specific surface area of the as-prepared samples were characterized by
x-ray fluorescence (XRF), scanning electron microscopy (SEM), transmission electron microscopy (TEM), x-ray diffraction
(XRD), and Brunauer-Emmett-Teller (BET) surface area. The prepared titanate nanotubes had an average inner diameter
around 6-8 nin and outer diameter around 10-20 nm. The length of the prepared titanate nanotubes was approximately 0.1-
0.5 um. The BET specific surface area and pore volume of the prepared titanate nanotubes were about 96.198 m'/g and
0.990 em’/g, respectively. This preparation method provides a simple route to fabricate nanotubes with low-cost mineral

using Thai autoelave unit.

Keywords— Nanotubes, Ilmenite mineral, Hydrothermal, Titanate, TiO,.

1. INTRODUCTION

Titanium dioxide (TiO;) is one of the most important
materials. TiO, an n-type II-VI compound semiconductor
with a wide direct-band gap of 3.2 V. has attracted more
and more attention over the past few years because it can
fine application in various fields, such as a semiconductor
in dye-sensitized solar cell. water treatment materials,
catalysts, transducers gas sensor, transparent high power
electronics, piezoelectric transducers. and so on [1-7].
However., in order to obtain TiO, powders with
appropriate chemical, electrical and optical properties
specific for their intended applications, purity and particle
size during their synthesizing process is important. Up to
now. TiO, is known to exist in three natural polymorphs,
i.e., rutile, anatase. and brookite, with different properties
and so three. had been prepared via different synthesis
method or under different preparation conditions [8].
Different routes such as sol-gel, -electrodeposition,
electrospinning and hydrothermal process have been
utilized for preparing TiO, powder [9-11]. The
hydrothermal synthetic route has advantages to obtain
high-crystallized powders with narrow grain size-
distribution and high purity without the expensive
precursors, elaborate apparatus and heat treatment at low
temperature [9-16].

This study was aimed at the preparation of nanotubes
by hydrothermal method using inexpensive-natural
ilmenite mineral as the starting material. The use of
ilmenite mineral in this study is < US$ 1/kg. which is 1/50
— 1/100 of other works [30]. The characterization of the
prepared nanotubes will be reported.

2. EXPERIMENTAL PROCEDURE
2.1 Synthesis

This work was supported by National Research Council of Thailand
(NRCT).
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The hydrothermal method was basically similar to that
in the previous reports for preparation nanofibers.
nanotubes and nanowires [17-33]. In the typical manner,
8 gram natural ilmenite granules 90-250 pm (Fig. 1) was
added into NaOH aqueous solution (10 M. 2,000 ml),
Then, the solution was stirred at room temperature for 3
min. After kept stirring, the solution was put into a teflon-
lined stainless steel autoclave (Fig. 2). The autoclave was
heated at 105 °C for 24 h with stirring condition. After the
autoclave was allowed to cool to room temperature. There
existed some redder membrane-like float on the NaOH
solution and brownish hard precipitate at the bottom of
the vessel. which were not observed for the hydrothermal
process using pure TiO; source [26-27]. The float and
precipitate, presumably caused by the impurities in natural
ilmenite, can be easily separated from the main product,
i.e.. This phenomenon implies the hydrothermal treatment
for natural rutile may be used not only as a reaction step
but also as a purification step. The resulting product was
washed several times with an HCI (aq.) solution and then
several times with distilled water, followed by drying with
hot air.The experimental procedure is schematically
shown in Figure 3.

2.2 Characterization

The chemical composition of the ilmenite mineral was
analyzed by x-ray fluorescence (XRF, PW-2404, Philips.
Natherlands). The shape and size of the prepared samples
were observed by scanning electron microscope (SEM.,
JSM-6510, JEOL. Japan) and transmission electron
microscope (TEM, JEM-2100, JEOL, Japan). The phase
and crystallinity of the samples were characterized by x-
ray diffraction (XRD, X'Pert PRO MPD, PANalytical,
Natherlands). The  Brunauver-Emmett-Teller (BET,
BELSORP-Mini, Rubotherm) specific surface area and
pore structure of the samples were characterized by the
nitrogen adsorption-desoption isotherm.
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2.3 Photocatalytic activily measurement

The photocatalytic activity was measured through the
formation rate of I;~ due to the oxidation photo reaction of
T to I, in excess I conditions [6. 34]. A reaction system
was set up by adding 50 mg of a sample powder into 10
ml of 0.2M of potassium iodide (KI) aqueous solution
then stirred and irradiated with UV light with a maximum
emission at about 365 nm at room temperature. After the
irradiation of 15, 30, 45. and 60 min, the suspension was
withdrawn and centrifuged. After the clear supernatant
was diluted 10 times. the concentration of liberated I3~
ions was monitored by the absorbance at 288 nm, using
an UV-vis spectrophotometer (Shimadzu UV 2450). The
molar extinction coefficient was determined to be 4,010
(em mol/l) . For reference, four difference commercially
available nanoparticles TiO, powders such as P-25
(Nippon Aerosil Co.. Ltd., Japan), JRC-01, JRC-03 (The
Catalysis Society of Japan). and white pigment TiO, were
tested.

Fig. 1 SEM image of natural ilmenite granules with the size
of 90-250 pnm

Fig. 2 Teflon-lined stainless steel autoclave unit.

197

Ubon ratchathani, Thailand, December 5-8. 2012

| limenite mineral | | NaOH (aq.) |

Hydrothermal process | at ~105 ‘G, 24h.

Titanate nanotubes

| HCI (aq.) |—>| lon-Exchanging |—>| NaCl (aq.)

at~100 °C, 12 h.

Nanopowders

Fig. 3 Schematic representation of the hydrothermal
method of the nanotubes preparation.

3. RESULTS AND DISCUSSION

The as-synthesized sample was brown-colored while as
the starting ilmenite mineral was black-colored (Fig. 4).

Fig. 4 (a) Photo images of the natural ilmenite mineral
and (b) the as-synthesized sample.
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This result indicates that a large portion of Fe impurities
were removed by the NaOH (aq.) hydrothermal treatment
and the neutralization/washing processes [30]. The
chemical compositions of the ilmenite mineral and of the
as-synthesized samples found using X-ray fluorescence
are shown in Table 1. During the hydrothermal process,
the quantities of impurities, such as Fe;0;, ALOs, S10;,
and MnO, decreased while the TiO, content increased
from 66.99 to 70.58%wt. This may be due to higher
solubility of the impurities in the NaOH and HCI aqueous
solutions during the preparation process [35-36]. The
doping of Fe’* in the nanotubes matrix leads to a
significant red shift in the optical response towards the
visible spectrum caused by a reduction in the band gap
energy [37]., resulting in the brown-color of the as-
synthesized samples. The nanotubes doped with Fe**
could be an alternative, economically efficient material
used as a photocatalyst in hydrogen and biogas
production, dye-sensitized solar cells, water purification
and decomposition of organic dyes.

Table 1 Chemical analysis of the natural ilmenite mineral
and the as-synthesized sample.

Oxide Ilmenite mineral (Yowt)

As-synthesized sample

TiO; 66.99 70.58
Fe05 24.01 21.17
ALO; 338 0.43
Si0, 2.11 0.46
MnO 0.82 0.86
ThO, 0.64 0.04
710, 0.62 0.37
MgO 0.27 0.11
Cr,0, 0.26 0.20
P,Os 0.25 0.05
SO; 0.15 0.03
Y,0; 0.09 0.05
Zno <0.01 0.07
Nb,Os 0.24 0.11
Ca0 0.16 0.26
Na,0 <0.01 438

Fig. 5 shows the X-ray diffraction pattern of the prepared
samples. The peaks of starting ilmenite mineral were
rather sharp, which indicated the rutile phase (Fig. 5a).
After synthesized at 105 °C for 24 h the sample showed
titanate phase (HyTizOx+1) probably trititanate (H,TisO7),
indicating the hydrogen (from water) in the prepared
nanotubes [8, 30, 31, 38]. TiO; crystals become
amorphous by the Ti-O is broken and form to the Ti-O-Na
or Ti-OH bonds following treatment in aqueous NaOH,
and nanotubes titanate are generated after the treatment of
TiO; acidic solution and water. In addition, the layers of
titanate nanotubes are formed depending on the synthesis
conditions and residual Na which could be H;Ti;O; or
Na,H, ,T1;0; and no crystallization of contaminants such
as sodium chloride (NaCl) and rutile (Fig. 5b). In
addition, it is expected that a new type of titanate
nanotube having new properties will be formed by
controlling the amount of residual Na” jons and by
replacing residual Na" ions with other ions [39].
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Fig. 5 XRD patterns of (a) the natural ilmenite mineral
and (b) the as-synthesized sample.

Fig. 6 SEM images of the as-synthesized nanotubes at
(a) x 5,000 magnified (b) x 10,000 magnified and (c) x
20,000 magnified.
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Fig. 7 TEM images of the as-synthesized nanotubes at
(a) x 20,000 magnified (b) x 40,000 magnified and
(c) x 100,000 magnified.

After the hydrothermal treatment. the as-synthesized
sample exhibited a uniform tubular-like morphology (Fig.
6). To confirm the formation of nanotubes. TEM analysis
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was used. and the images can be seen in Fig. 7 at
difference magnified. From the TEM images, it can be
observed that the as-synthesized sample showed tubular
structure. The prepared nanotubes had the lengths from
0.1 - 0.5 pm with inner and outer diameter of 6-8 and 10-
20 nm. respectively (Fig. 7). The nanotubes formation can
be explained as follows: Fustly, the crystallites are
exfoliated into layered crystalline sheets when treated the
raw ilmenite mineral in NaOH aqueous solution at 105
°C, and then the single sheets formed along with the (010)
lattice planes and paralleled to the sheet surfaces.
Secondly, the sheets gradually rolled up to reduce the
number of surface dangling bonds and decrease system
energy (both sides of these single-layer sheets have many
dangling bonds that should be saturated in the solution).
As a result. the single sheet rolled up into tubular shape.
This process is in accord with the reported of B.D. Yao et
al. [17-18. 40].

The BET specific surface area of the as-synthesized
nanotubes was approximately 96.198 m*/g, while the BET
surface area of the starting ilmenite mineral was very low
at approximately 0 m’/g (Table 2). The BET specific
surface area of the starting ilmenite mineral was similar to
that of leucoxene [8] and rutile minerals [30-31]. The
increasing in the BET specific surface area is a result of
the starting ilmenite mineral being completely converted
into hydrogen titanate nanotubes during the hydrothermal
process [17-22].

50
—@— adsorbtion
—#— desorption
E
]
£
B
! /
=
150 /
]

] as 1
PRy

Fig. 8 N, adsorption—desorption isotherms of the as-
synthesized sample.

Table 2 The BET specific surface area of the starting
ilmenite mineral and the as-synthesized samples.

Samples BET surface area (m’/g)
Ilmenite mineral . ~0
Nanofibers titanate 49
Nanofubes titanate 926
Commercial TiO; (P25) 50

Fig. 8 shows the N, adsorption isoterms of the as-
prepared samples which is a typical IV isotherm
according to the TUPAC classification [42, 43]. An
absorption-desorption hysteresis loop is observed at P/P;
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= 0.65, indicating capillary condensation of the liquid N,
inside the samples. The pore volume from the total
amount absorbed at related pressures is 0.5531 cm’g™.

A: Nanotubes from ilmenite mineral
25 B: Nanombes Calcined at 300 °C. 2h
©: Nanofibers from ilmenite mineral

D:P-25
2 E:JRC-01
F:IRC-03
G: White pigiment
15 i
) I I I I
, N e
A B c D E i G

Sample

1040

Concentration of I <
w

Fig. 9 Photocatalytic activity (I'; concentration) of the
as-synthesized nanotubes, the calcined nanotubes,
commercial TiO, nanoparticles (P-25, JRC-01, JRC-03
and White pigment)

The photocatalytic activity (I'; concentration) of the
as-synthesized nanotubes, nanotubes calcined at 300 °C
for 2 h and commercially grade nanoparticles TiO,: P-25,
JRC-01, JRC-03 and white pigment is shown in Fig. 9. Tt
was found that the photocatalytic activity of the as-
synthesized nanotubes almost equal to P-25 but higher
than JRC-0land JRC-03, because of large specific surface
area of the as-synthesized nanotubes [8], and the
photocatalytic activity was almost propprtional to the
BET specific surface area. However the mnanotubes
calcined at 300 °C was higher than these, (I3
concentration) of as-synthesized, nanofibers form ilmenite
mineral, commercially grade nanoparticles TiO, i.e., P-25,
JRC-01, JRC-03 and white pigment due to the high
specific surface area with Ti05 (B) structure [8, 28].

4. CONCLUSION

In summary, titanate nanotubes were synthesized by a
hydrothermal method using a low-cost natural ilmenite
mineral as the starting material. After the hydrothermal
treatment, the as-synthesized sample exhibited a uniform
tubular-like morphology and showing an increased TiO,
content were obtained. Analysis of the crystalline
structure of the as-synthesized nanotubes demonstrated a
layered titanate H,Ti O structure, most likely in the
form of trititanate (H,Ti;0;). The prepared nanotubes
showed lengths of 0.1-0.5 pm with inner and outer
diameter of 6-8 and 10-20 nm, respectively, and a
corresponding BET specific surface area of approximately
96.198 m’/g. These Fe’* doped nanotubes may show
utility as a novel photocatalyst material for hydrogen
production, dye-sensitized solar cells, transducers gas
sensor, water ftreatment materials, catalyst and the
decomposition of organic dyes.
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Preparation of nanotubes from Thai ilmenite mineral by hydrothermal method

and their photocatalytic activity

sunsal Ipeviaeng, aswes nagUier uay assAt Tawasy

mAduTimnsanTaquaslanns anzimnssumand imivendomalulagsmaenadyys Smiamusil 12110
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HAARDI sorapongp@yahoo.com

uNARLD

ﬂﬂu?ﬁ'ﬂ{ﬁﬁm?auﬁamiummg's'?]al.uluﬁ‘nmg.mlae.'lwa%qﬁﬁmﬂ‘wENLL%?}E\muﬁﬁ‘l‘ﬂmmﬁiﬁ'ﬂﬁﬁa
< 20 vw/Alan Fanadiu 1/70 81 1/140 w9339A1 TO, Wawndlnd viewluldnarnmsdansieisinu
ﬂs::mumi‘lﬂﬂsma‘iummﬁuﬁau&qunIﬂﬂiﬁﬂmﬁ'ﬁﬂﬁnicﬁﬁwammﬂuﬂsxm@i Hgmumgillunmwen 105 °C
Wuan 24 $2las wanisAnwmud wsdalunilassairandnuuuglng auziieuluiiduaszile
Tassassmdnuuulvue (H,15,0,) Svwisdushugudnarsnelulssing 6-8 uiluuns Wushuaudnas
meuanUszunm 10-20 wluweg danusnuszana 0.1 - 0.5 lalasums ﬁﬁiw‘ﬁuﬁﬁﬁwmwmmzﬂ‘%mmgw;u
Useana 96.198 m.a/niu uay 0.990 aues./n¥u sudwuuaznudn visulufiwdeldansaildldlums
nszfuUfitelagliuan nelduaduriiimenueafiunasiimganiilulmidielaesnld Bawndud (p-
25, JRC-01, JRC-03 uaz White pigment)

Abstract

This research prepared nanotubes from low-cost Thai ilmenite mineral. It is worth noting that
the cost of Thai ilmenite mineral used in this research is < 20 THB/kg, which is 1/70-1/140 of a
commercial TiO, powder. Nanotubes were synthesized via simple hydrothermal method with a Thai
Teflon-lined stainless steel autoclave at hydrothermal temperature and time about 105 °C and 24
hours. Ilmenite mineral (starting material) showed rutile phase while nanotubes presented titanate
structure (H;TisO;). The prepared titanate nanotubes had an average inner diameter around 6-8 nm
and outer diameter around 10-20 nm. The length of the prepared ftitanate nanotubes was
approximately 0.1 - 0.5 pm. The BET surface area and pore volume of the prepared titanate
nanotubes were about 96.198 mzfg and 0.990 cmz'/g, respectively. Additionally, nanotubes were
capable to photocatalyst under visible light and the photocatalytic activity of the as-synthesized
nanotubes higher than those of commercially grade nanoparticles TiO, (P-25, JRC-01, JRC-03, and
white pigment).

Keywords: nanotubes, ilmenite, hydrothermal, photocatalytic activity.
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wa o =i' o '
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- i . o &
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2 e i | i
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nsfuaseiieuunnusdawlwiseislelas
weduaiduiinsduaneiiiinug wadeiunts
Fuprzmdulounluanusging [14-29] Fail5%ns
wieussiAe usdanluimuaudivuin 2553 um
U3u1m 8 niu azgnuanasluasazasloiey
lansenlsaienaidiudu 10 Tugs 1385 200 ml
ﬂﬁn&uﬂﬁia:aﬁﬂm:gnﬁﬂlﬂmuﬁqquﬁﬁm;ﬂu
nan 5 Wil udmnmuamsaaswdiinhasazais
Wldluyadaufnasl Avadeaunuaaiiirdoudae
wirlaaueg nnalu 51'631]17; 1 wazlUlvarwsoud
favigillszanm 105 °C Wuan 24 dalus nls
annznsniusdudaieadnadiniuaiawivia
(Magnetic bar)

Heating & Stirring

Ui 1 gunsalildlunsdfaaseiinenssuiuns
lalasmasuen

wEnFuATTRasIauLd3elasslRias
ﬂﬁﬂimﬂﬁnﬁuaqﬁqquﬁﬁm uiatasesnllang
nsalslaseassmindu 0.1 Wais wazihdsieain
looau (Deionized water: D) nszdiailiauiiiu
n3a-Aedszanal 7 videunans wdilahenslleu
'lﬁl.luﬁq"?f'qmwn“ﬂ 100 °C 1flunan 12 Falus 9ndu
Yagretiefilduinsisasvesdlsznouniadl
Tassad1endn Tassadramagania wazAIiuiiRg
Fumwz (Specific surface area) sEwA3aaondist
woaisaun (XRF) widanendssanusadu (XRD)
ndesgansIAtBIanATULUUERIN A (SEM) ndas
qavssmiBiEnasaunuudassing (TEM) uaziAdosin

mAiansaAIana
uaznndrriaanssuluimas
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FuiEngnzneAE The Brunauer-Emmett-Teller
(BET) snalansiu
2.2 mydamslifaniidaeseilduiniefite
Tnelduas
TumsAnmnsthligouludaeiu ARIzERTE
Iihdaednsiiwdoulduvhnsiadinisnssdu
Uiiselaeliuas (Photocatalytic  activity) Fans
YpazYaeinAiautduduans Iy Safinen
UffFetlseanteduans 1 Ju |, Tuanmzidl 1
Wnifume Faunii 1 was 2

20 — b+ 2 6]

b+ " —» 15 @

ﬁ"mﬁﬂﬁl'ﬁﬂquﬂuﬁm?aulﬁﬂ?mm 0.05 n3u Talu
W 15 Hadans wieslasazats Potassium
lodide (K) 0.2 Tugns Ineds K USunes 3.32 a%u
ﬁza'mlmf‘lﬂ‘nmrmlaaau (D) USums 100
lad8ns asansazane KI 0.2 M USums 10 dadans
Talumaiidsfanuilulinounitduldfniuuuy
wilndn (Magnetic bar) Yaswaauairluniuniesl
salvuasanunasiauastugieadunadiansnn
n.lmLﬁu‘iugj’fﬁuﬁli.l,m"l.;imm‘mﬁmrhuL’ihlﬂ"lé'lﬂu
e 15wt Blarsunanudtiaunasiidnuas th
RasmegeanuInalsiletsldlurasanaass
wihlidedosthuuumusisaiunm 5 wi
Tlulastwmgaansdhegetiines 0.3 faddns 1d
TuwaavishinSuns 2.7
nagBUSELAIeT  UV-visible spectrophotometer
(UV-1601 SHIMADZU) Lﬁai’ﬂmiqmné‘uuﬁq wanh
mié’haéﬂqluwaaﬂwﬂammﬂm%‘lmﬁmmquu

=, > g
fadans aantwily

whsamAuldmaidsanurdaulmdntiadily
muwdeuialsuaslutsrduuasfianemusadiudy
i 15wt udnhyndunsuviiousailinarlily
AOUSITUASULIET 60 1dl thenitSaldainueses
UV-visible
Wuduwes ;. (Aud@nisnszduufiseilagldua)

spectrophotometer TuA A

vagTaqunlufiwiouls
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3. Han1Ineagy

a)

Ul 2 a) wiBawlwinouduasizd b) Fadied
FHungrzile

. o . - - o
NATNABINYLT fedreiieSeuls (As
5 o alb A a a2
synthesized)  flwaidiana sasdiusdauluyifiiu
P -l 4
ansdruiiddeudii MU 2 e1audiesanan
=3 =1 a ¥
pumeuvpaman (Fe) pnazanavdenzanililuszwing
nITUIUNSASENaIe NaOH wiaundu miudwsiu
' = T - @ o
[14] dhudszneumsaiveasdauluiuazsnod1adi
wisslvdannaasausenszulunislalasmes
yeanuIn ansideUu iy Fe,0s, ALO;, SI0, MnO
P s a o I o
wazauq  dUSiavianas valsy TIO,  dUsanam
Wisluain 66.99 1w 70.58 %wt fam1T1ed 1
- o w = [ P w w
Weshannsidnansdotudanadnamu [25]
ludruvedlasearndnvonsdawluinay
@ i oA = w v = = .
fetfiwiorliansonanlafisgui 3 - Gmud
wisawluvislassaiandnuuy 311&5 (Rutile) vz
@ i A = P w =
saedreneSeyladlassadisudnuuulnniiun
(H,Ti:0;) wansliiiuirflormonvadlalasiaudions
vininaulunssuiumawieuduaulszneu
mamiivasegisiwseuls [14] uaﬂmmﬁl&iﬂswﬂg

mATEIrnTsuAana
uazmAIananssulwiimat
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Maﬂmglwéﬁaa"ﬁﬁmuﬁw] iU InAB-uAa (NaCl)
Tughethafiedenld Sannsitliwu Na Tuseehad
widnsldoBusldanmsfiaznovwos Na 219N
mimaanluludussunsszdreiensalslasaasin
(HCL) vathndu Tnefanmsunuiivdeantdeudu
syvrinsezRenves Na' lua1susenau NagTi;OseH,0

praa H' [20]

Hon oy u  Av-synihesized sample
Antden . i
R =rulile Ti0, Tmenite mineral

R

11— hydrogen titanate
R

Intensity (a.n.)

R
R

5 10 15 20 25 30 35 40 45 50 55 A0 &5 70 75 R0

Cuk, 28 (degree)

Eﬂ‘ﬁ 3 Tpssadauan (XRD patterns) woaussauluni
uayshedsfiwseald (H = hydrogen titanate uay
R = rutile TiO,)

paUsznauelveusamlivinay
shatafimSells

SR 1

Oxide llmenite As-synthesized
TiO; 66.99 70.58
Fe,05 24.01 2117
AbOs 3.38 0.43
SiO, 21 0.46
MnO 0.82 0.86
ThO, 0.64 0.04
Zr0, 0.62 0.37
MgO 0.27 0.11
Cr0; 0.26 0.20
P20s 0.25 0.05
SO, 0.15 0.03
Y205 0.09 0.05
Zn0 <0.01 0.07
Nb,Os 0.24 0.11
Ca0 0.16 0.26
Na,O <0.01 4.38
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drndudunouniniinieunludwitainnisi
Tasssawdnvadlnndonaiadulaseine edugu
uduseanuuduantiuinnsiusnaiedue
Taamsifavieuluduazivegivgaumaiiuaziaaily
mMsduanzitaiownlutulsenaumeaduvaslim
wndadusgfuaniizlunisdaasiziuaznis

i & o e A

mawdovedlafvulrondniueiliesnafiniuly
U8 HyTHO; waw NaH,, Ti;0; Suduldlsivivasa
nsal [16, 23]

UM 4 awene SEM vaausBanilus (a) nournunis
Ul (b) NSIHIUMTUA

Tassasamssaninvesda uikaziiagnd

i aw 0 —
wisdliannsouandlifigud 4 wag 5 Fawudn
wsda-lunildilussdnulzdsadudagng i
YUIREINA 88-250 um (319 da) uazwdsainw
pm (U9 ab) dau
fathsfiwFoulalidnumg Ui uisiinmene

AsuALEIAziaUe 25-53

SEM  (3U1 5) iivevinzdududnunizlasaaiiavay
frad eI eulaindldnvazlasaiuuurieuily
#3ali Sein1siAsizidaendesganssal

mAdImInTsATana
uaznTridainssulwimas
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AdnasauwUUdDHY (TEM) Flaguil 6 wulnEeEs
iy ; 4
fladudsvitnluuvisnass Tasflvuin
wushaudnanamelulaznieusnUsyinm 68 uaz
10-20 nm gaaRuULaziieleUTEIa 0.1-0.5
pm

Ui 6 nwine TEM rasviounlufiwiauls

@157 2 fiudidadwizvesanseaetng (BET-

specific surface area)

BET surface area (mzlg)
Samples

Ilmenite mineral -0

Nanofibers titanate

793

) 49
(previous work)
Nanotubes titanate
96
(this study)
Commercial TiQ; (P25) 50
A IAINTIUAITAT
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$ adsorbtion
L desorption

g

vyt (STP) gt

g

0 (1] 1
PPy

U 7 'La‘i‘mwa%ums@.ﬁa%'u—mﬂ%’uﬁﬁﬂh‘luiﬂsmwm
Famouluanusdailun

Eﬂﬁ 7 uanilalewefunspedu-areduvesms
fi'f'aaEi'wﬁﬁ’amiw3ﬁﬁuﬂ%§151ﬂ'§ma%uaaﬁi‘)quﬁ
105 °C Wuian 24 Falua dhednediwesledul
FupnsumeATadhemaiia BET warillSinnsuos;
wuiidaldusranas 96,198 msal/n¥u uaz 0.990
auss/ndi aud Ty dwduiuiins iz eesia
wlulvmueiiaoaninléduiidnnniiasaau
(wsdaiulus) warein uanndnduleunlu 2 win
(~a9 m3a/n3u) [21] LﬁmmnIﬂiaﬁ%Nﬁﬁgﬂ'ﬁ'mmu
yiownly [16, 18] 'I.ummwﬁ'i'aqmiu TiO, LHaw1ve
(P-25) ﬁuﬁﬁuﬁuﬁwmzaéﬁﬂ‘;zuwm 50 mTa/ngu
guandlumsiad 2

AP35

B:JRC-01

C.IRC-03

T1: While pigmend

T Nemotubes from ihnenite minaal

- ~
- n ~ ]

Concentration of I, x 104 M)
B
i

saiple

guﬁ 8 Anudutues I vesisuluindelfuas
Taguilu TiO, @ewndlvd (P-25, JRC-01, JRC-03
uaz white pigment) Tneldssznaiildlunisans
wasluthauasiianesuaaiiu (isible light) iuaan
1 4l

mAdvImanysneama

uaznInFridaanssulnilimge
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U7 9 msnaanshh/ldnudusaswfitalndld
uatlumamdniiiganyadniviouiluanuiBaulun
Wiaufeuiu TIO, Wawndlad

Tudruvesnisihlunagaunisaud@nisiss
VA slanlduas wudwisuluiwdealdlinipa
it |5 gananfaguilu TIO, Wewdle (P-25,
JRC-01, JRC03 waw white pigment) Svviowluit
wirslddaranududuaed 1, wERnEUATRNE
waslutnanasiiananuaadfiuiung 1 $2lus @
2.09 x 104:l M @ P-25 JRC-01, JRC-03 uaz
white pigment Zenmnududuves I, 7 0.56, 0.27,
0.19, uaz 0.25 x 10" M sidsu ﬁ'mam'lugﬂﬁ 8
ﬁ%im}uamﬂinﬁmmﬂﬁuﬁﬁﬁwmwﬁlﬁuﬁu
vanahvesviouluiwssutulddonSeudouty
usBawluimdumsdoiu aruduswpilusziuun
Tu uagnsidl Fe Wlughwlszneu [14, 15, 21, 24-
26] wasiilsasuhlimageunisldanludosulan
T dudnssfitelaelduadunisudatingfanm
mm&aé’miwudmﬁﬁfwiﬁ%awmmﬁwmﬁﬂﬁu
moluszeznan 5 — 10 wiit dlouSeufvuauds
nmsUfAsety Tio, Wawidudwudwioutlud
wiisnldlinanmssalfisorlndfosiu Tio, B
wnlve (f?\'\!“gﬂﬁ 9) griuFdlanafiululdiesthvie
wludadouldarnusdawnludiveslnede
aszvaumilolasvesuealudsygnaldluausiiu
Tyt wasw uazBsunden Wy Wudalwihees
wagnduunatafinduuvddeuluamsasiige
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Uiiserleglduaslunisndalalasimuaind jizen
wonihwdeldlumstidmindesolulusunan [16,
15, 21, 24]

4. 63U
MnransneaeEsoalan
1. gnansawssutagvouilulannusdawlun
v o 1} PV B
siegnuastnediunueini 20 v/Alandy Gsfa
Wy 1/70-1/140 wiwesan TIO, Wawndlvdfildlu
s ok e od e T
uddeau s aedeuibidudoudenszuiunis
lalasmasuealadldgadaUfnsaifioanwuusazeing
Taeildiotinidelne
2. Aagowluiiduanzildfiounadusiu
@.uéﬂaW\smﬂuammsmuluﬂizmm 6-8 uwaz 10-20
5 o o
nm HAnae1IUsEI 0.1-0.5 um SNUNHA NN
WadunaniustauluiingRudsiuanaring
3. Famreulurieenlaiininisnssauuise
Toglduasgandt TO, Wewislyd waanusebiluld
Wudhnszfuuiitoilaslduadlaada dimbluldu
fdrugisetunsudninedanimaingadeivieun
Tufiaulsiilinanisisad fAsenlnalAeadu Tio,
\Bamnelad

5. fimAnssuUsznId
qw‘i%’aﬁlﬁ%’umﬁﬁﬁ'uaqumﬂﬁwﬁ'ﬂﬂu
ABZNSIUNSITEWRTIR (37) wsBawluinnuidn
Fuusaasdnia uaz nau3de Nanotechnology for
Textile and Polymer Research Group (NanoTeP)
AuyImnITuenans uninedowaluladniina
GHNTE
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Preparation Development of High Photocatalyst Nanotubes from

Thai llmenite Mineral by Hydrothermal Method

= I3 1 £ e = 2 a o §F a 3 I3 o gdt
TUNT I3wnnana |, msaada lawsn L naaa Setalin . uas aswas naadsd
1,23 4 = P ar = P a o ar =
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a. aagawn, 8. Fu3, 3. dnusii 12110

1 2 3 4

Thanakorn Wirunmongkol = Narongchai O-Charoen ~ Kullawades Sungsanit  Sorapong Pavasupree
L Department of Materials and Metallurgical Engineering, Faculty of Engineering,

Rajamangala University of Technology Thanyaburi, Klong 6, Thanyaburi, Pathumthani 12110, Thailand
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unAnga

awﬁiﬂ'&rﬁiﬂqJs::awcTLﬁaﬂ?qu:mszmum‘suﬂ%ﬂ:uﬂ'amewnLL‘:"ﬁsm'lwfman'l'm (Ti0, ~ 65.40%,
Fe:0; ~ 27.80 %) Awiummin lldnusumsnssdwl gazolaaldua vowlwldananmssousiawlud
somsazanolnasulaasanloaniemadute 10 Tudrs $1u3e 5 05 dowdnamzvHIvnT=UIRIS
Telasmasuaailifudondsnnignmgil 105 °C Wunan 24 T3la ﬁdad"mﬁLlslfium"Lngﬂ"‘JLﬂﬂ:ﬁ
ananws I ENmsiiaaasaTud  (XRF), maiiamadgnuurassimand (XRD), n&ve
aNTIALaLEANGTALLLDEEINTIE (SEM),  wandasdansimiatdinasauuuydasiie (TEM) wa
manaaganuiUSumaas Fe,0; luasiadiafias o ldansaain 27.80 tmin 14.13 wtz lassstonin
Pafadia ?E?mﬂm“lw?’ﬂﬁﬂgﬁum:m"lnmlumluﬁdmaa HTi, 0,06 n‘amTuﬁlm?uu'lv?'ﬁm"umaag"lwﬁ]a
100-500  wiluiaas dvwisiduiugudnananioludszunn o-8 wiluwas Wudugudnataniouan
Uszunas 1020 wilwiues uaswuiiimsns:dul §isolaolfusassiodiwionldidgoniinly
TnnitoylasanloiiFawidisd (P-25, JRC-01, JRC-03 Uaz White pigment) ®aTeL¥143

duan rawlu wBawlud lelasmasuen msnseduujisonlaglduss

Abstract

The aims of this research were to development of high photocatalyst nanotubes from Thai ilmenite
mineral (TiO, ~ 65.40 %, Fe,0, ~ 27.80 %) prepared by hydrothermal method. Nanotubes derived from
washed ilmenite mineral with 10 M NaOH aqueous solution (five times) before synthesized via simple
hydrothermal method at 105 °C for 24 h. The prepared samples were characterized by X-ray fluorescene
(XRF), X-ray diffraction (XRD), scanning electron microscopy (SEM) and transmission electron
microscopy (TEM). The quantities of Fe,0; in the prepared samples decreased from 27 .80 fo 14.13 wi%.
The crystalline structure of the as-synthesized sample demonstrated a layered titanate form, HaTi,Oo,..

The length of the prepared nanotubes ranged from 100-500 nm with an average inner diameter around
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6-8 nm and outer diameter around 10-20 nm. Additionally, photocatalytic activities of the prepared

samples have been found to be higher than those of commercially grade nanoparticles TiO, (P-25, JRC-

01, JRC-03, and white pigment).

Keywords: nanotubes, ilmenite, hydrothermal, photocatalytic activity.
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Outstanding paper award (Energy and Energy Saving)
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