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imenne mineral (FeTH0u) a3 the maring marerial. The samples were chame erized by X-ray diffaction
(URD) K-ray fuoresceme (XIF} scanning c!
(TEM). and Brunauer-Emmess -Teller (BET) for specificsurfice area. The nanofibers were 20-0 nm i
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surface areas of the prepared samples and c:
were investigated and reported Tesides the effeas of cakination
temperatwe on structiral and photocatalyst pr
nanofibers prepared from natural ilmenite mineral by the
hydrothermal method were discussed.

2. Experimental procedure
2.1 Preparation of nano fibers

The nanalibers were prepared by the hydrothermal methad in
which natural dlmenite minersl (Sikomn Minersls Co. Ll
Thailand) was wsed as the starting material 5g of ime

neral and 10 M NaOH aqueous solution (200 mil) were placed
inside aTeflonfined stainless autodave The autaclave was heated
and stimed at 120 °C for 72 T Afterward. the mixture was coaled
down to reom temperature and was washed with 0.1 HCI
aqueous solution and O water 3 number of times. Then, the
precipitated sample was dried at 100 °C for 12

2.2 Characerizmbion

The chemical compasition of the ilmenite mineral and that of

the as-synthesieed sample were evaluated by X-r

that of the assymhesized sample were svaluated by XEF.
Fallawing the hydrothermal process, the percentage of impurities
(Fea0s Al Si0. MnD) decreased while that of Ti0s incre ased
from 669910 7621 wil. The results were consistent with thase of
leucnene minesal and nanofibers fom leucaxene mineral in our
previous works |38.39], but the as-synthesized nanafibers showed
a higher percertage of Fex0 than the manafibers prepared from
The afrementianed could be due 10 salubility

cal res panseaf visible light owing to
the reduced Band 2ap energy |\s|. probably contributing to the
brawn color of the as-synthesized sample in this research. The
nanafibers doped with Fe could be an altemative material with
high potential for use a3 photocatalyst in lydiogen generation
dye-semsitized salar cell (DSSC). and decompesition of ar ganic
d

Fig 1(3) shows the XRD patterns of the prepared samples
compares! with the starting ilmenite mineral. The XD pattern of
the starting ilmenite mineral emerged in rutile phase_ while the
structure of the as-synthesized nanolibers revesled the hydrogen
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(XRF. Philips, PW-2404. 4k W), The miciostructures of the fimenite
mineral, the as-synthesized nanofibers and the calcined nanofibers
were investigated by scaming electron micrascopy (SEM; JEOL
JEM-6510) and trans mission electran micrascopy( TEM; JEOL JEM
2010}, The X-ray diffraction [XRD) patterns of the a5 synthesized
samples were obtained with PANalytical diffractometer (XPert
PRO MPD madel pw 3040/60) wing Qu Ka (i= 0154 am)
imadiation at a scan rate (26) of 0027 5 and a 26 range of

80° operated at 0KV and 30mA The IITApac\I'mAurhc\edreuul
the samples were measured using nitrogen adsor ption (Quanta
chrame Instruments, Autosorb-11.
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be ot menely ighet than thme of the cnmmeneially available Ti03 21 Photocatalytic activity measurement
nanoparticles pawders (P25, |RC-@1, and [RC-3) but alsa the highest of all the sumples in Shis smidy.
& 2003 Elzevier L. All rights reserved. The photocaalytic acrivity was measured through the forma.

tin rate of 1, due 1o the oxidation photoreaction of 1~ ta 1 in

1. Introduction

Over the past three decades, mnastructured materials derived
Framn Ti0z have been regarded i the most suitabe semicondudtor
in such applications & phatocatalyst of water splitting [1-5] and
degradation of arganic contaminants ter treatment [6-13].
The rate af the phatocatalytic reaction is contrallable at various
Steps in the process: light absorption, Liansport of photogenerated
charges (electron (e-) and hole (h7)) onto the photacatalyst
suface, and recombination of € and I on the photacatalyst
sutice 114, Therehor, the crystalline surucrure and surfase

p a 125 the particle b 1 sie,
are significar plumebenmplv.lk.x talytic reactions [15-17) In
addition. Ti0y deived mateials paises 2 number of goad paints
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such as high photovaltaic effeat, medium dielectric permittivity.
high chemical stabiity. and Jow toxicity [18] Thus, Tith derived
materials were introduced into a mumber of applications, e
catalysts [19]. gas sensors [20]. and dyesensitized wolar cells

22

Tilly exists in various crystalline strictures, ie anatase (band
3ap energy 3.2 V). rutile  energy 3.0 eV). broakite, and
monaclin of Ti0a (B) [18.23] Several methods were emplayed in
the preparation of the Tid-derived nanomateriak, examples of
which were inert gas condensation [24] sol-gel method [25.26]
lectraspinning [27.28]. and hydrothermal [23-38]. In our previ
s works, the hydrothermal me thad was seleced to synthesioe
nanofibers from leucaxene mineral because it was simple, k
custand environmentlly ferdly (38 39)

The nanofibers in this stuly were prepared by the simple
hyedrothe rmal method using inexpensive natural flme m.m.w..l
5-07 dellarjkg) as the starting m.aterial. The ¢ nang
ina ton prucess TI= dwm al

1 BE

excess I~ conditiors [15]. A reaction system was set up by sdding
50 mg of a sample powder into 10 mi of 0.2 M of potass
(KT} aquents solution; the mixture was then
at mom temperature with UV light with maximum emission of
approximately 365 nm_Following the irr adiation for 15,30, 45 and
60 min, the suspension was withdrawn and centrifuged. After the
clear supematant was diluted 10 times, the concentration of
lberated b~ jors was determined by the absorbance at 288 nm

1 amLIV-Vis spectra photom eter(S himadzu UV 2450) The malar

patformed in the dark orin the sheence af the TH0, smples. Thee
Ferent commercially available Tith nanoparticle powders

P-23 (Nippon Aerosil Co. Lid. Japan). JRC-01. and JRC-03

Catalysis Saciety of Japan) were tested far use a5 reference.

3. Results and discussion
31 Assynthesized nanafbers

After the rection in the hydrothermal process, the s
synthesized nanopawders ) while the
starting il menite mineral is black (Fig. 2(a)). The findings indicated
that a large fraction of Fe impurities could be eliminated by the
NaOH (aq.) hydroth
processes | 34] The chemical com pesition of dimenite mineral and

1 treatment and

IR N
(]

S oy

Tatensity (i)

I T T T TR T O T

Gt 20 ogree)

Fig 1. XD pamerss of vinerid, S 4 ppudbesized
s, 2t Do cabitnd maofhe s Sor 2 b 3% (4) 100500 °C 2t 5) 00
100 A andrase Ty, B: 0 (5], H: Mydavgen Sranare, nd R: rule T

arting nasarad Amesie

Y v d d d
WYL I10138 A3, dINY mqﬂ‘%ﬂ

MAIBFVIAINTINTaQUazIarims A

= U
wanalulagsvuenasays

o\

=

Q

d
IAINTIINAIART




Outline of this presentation }

e W o e e e e e e e e e e e e e e e e e e e e e e

+« 1. Outline of paper and Thesis
+ 2. Impact factor and quartile (Q)

+ 3. How to write paper

+ 4. Results and discussion part
(examples)

+ 5. EXperiment to paper

+ 6. Conclusion



Conclusion



Z InWhatiermiZ=ype Oty eurmanusSeipL

- Full articles / Original articles

- the most important papers; often substantial completed pieces of
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« Letters / Rapid Communications / Short Communications
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EECON2017

The 2017 International Electrical Engmongress

8-10 MARCH 2017 PATTAYA, THAILAND

To all accepted papers, the followings are the process for |IEEE Xplore:

1. All accepted papers must be revised accordingly to the reviewers’ comments

and submitted to camera ready via the website within 10 February 2017.

2. The proceeding for the conference will be done accordingly to the camera

ready version.
3. The plagiarism Turn It In Software is applied, only similarity of 30% is

accepted for |IEEE Xplore.

4. Only registered and presented papers will be selected to publish in IEEE

Xnlare

CONFERENCE SCHEDULE

Paper submission deadline: 9
January 2017
Paper acceptance notification: 27

January 2017
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b
Department of Ind:lstrial Engineering
Faculty of Engineering, Chiang Mai University

Authors are invited to submit abstracts/papers for
consideration to be included in the conference program

CONTACT US: The abstracts/papers should be submitted to:

www.ie-network.com

Topics include :
Important Dates: . g:auons R::earch -
. ti Operati t
15 March 2017 : Abstract Submission -WovkucStluogy. Plant L;';:‘;‘ g
01 April 2017 : Notification of Abstract Acceptance .E P cs'/ Human Factors, Safety Manag t

01 May 2017: Full Paper Submission

. I | |
01 June 2017: Notification of Full Paper Acceptance Quality-Engineering

« Energy Management

15 June 2017 : Deadline for Manuscript Submission + Green snd Sustainability
« Materials and Manufacturing Engineering
Conference Dates : « Supply Chain and Logistics
12 July 2017 : Technical Writing Workshop + Innovation Management, Industrial Technology Transfer
1314 July 2017 : Conference Date - Engineering Management
15 July 2017 : Industrial Tour » Maintenance and Reliabdity Engineering

« Others Related to Industrial Engineering Field




|E Network

Industrial Engineering Network

AN NUIAINFFNAAETINNG

NETWORK

Home
About Us

Committee

Conference

Contact Us
Journals
News & Event

s lue

Conference

WS Website
“

Wel<ome 10 1L Nemwotk Conference 2017
. .

nwnulansneeawns 1fuaodnaiiaded

wRaAN 2525 aatrnunediad witims Mae e WATNA VIV GRS

wAM A INED UM ITAMSe a0 uadnH 3 Tagiiudimsdatirmimnwwnnlvindmnt vensimlvdediuundatunisaisasisinimoly

yavasd wn Inododos vy tely MIOTIUFRAWMNS (IE Network Conference

Wyl A 2560 m fanssuRawmn s soeday

CHAL

seasnd Wdawn v mptdlaga "INDUSTRY 4.0

nsngiau 2560 o

History of Conference

Pager of & Network 2012
Paper of £ Netwotk 2013
Pager of IE Network 2014
Paper of IE Network 2015

Paper of IE Network 2016

danlwad

antfisusnepninnsnugsamaasarndug WAL IS M YICRAS



|E Network

(JE i cruia snoiNeeriNG

SHAPING

THE FUTURE
IE Network 2019

JIUUS:8UIBINIS @1k
INSOVIUIAONSSY  FXQBS

21-24 nsnNN1AU 2562
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1- Operations Research
2- Production and Operations Management
3- Work Study, Plant Layout, Ergonomics, Safet
4- Quality Engineering
5- Energy and Environmental Management
6- Green and Sustainability Management
7- Materials and Manufacturing
8- Supply Chain and Logistics
9- Innovation/ Technology Transfer
10- Engineering Management
11~ Maintenance and Reliability
12- Life Cycle/ Eco-Design
13- Environmental Carbon Footprints
14- Disaster Management
'.5- Others related to Industrial Engineering
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s Conferance on Material,
Machines and Methods for
Sustainable Development
(MMMS) 2017
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Conference on Material, Machines and Methods for Sustainable Development (MMMS) 2017
The First International Conference on Material, Machines and Methods for Sustainable Development (MMMS) 20171 Welcome to the Fir.
» VEFRY AU s

« mundinfindudnd TSME-ICoME 2017
TSME-ICoME 2017 International Conference of Mechanical Engineering . TSME-ICaoME The Thai Society of Mechanical Engineers with

The First International Conference on Material, Machines and Methods for Sustainable Development (MMNMS) 2017!

Welcome to the First International Conference on Material, Machines and Methods

for Sustainable Development (MMNMS) 2017!

I am writing to cordially invite you and yvour scientists to submit or recommend papers to MMMS
This conference will be held from December 2 to 3. 2017 1n Da Nang, Vietnam.
vase.com.viv'events/mmms2017,

rims/fai3AZ=batRPCgzrl

Conference Website: [fiip.

Abstract Submission:  Jifrps:ooo. gl
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Effect of calcination temperature on structural and photocatalyst properties of
nanofibers prepared from low-cost natural ilmenite mineral by simple

hydrothermal method

Athapon Simpraditpan®, Thanakorn Wirunmongkol ¥, Sorapong Pavasupree ™

*, Wisanu Pecharapa™®
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surface areas of the prepared samples and cakcined nanofibers
wereinvestigated and reported Besides, the effecs of cakination
temperature on structural and photocitalyst properties of the
nanafibers prepared from nawural dmenite mineral by the
hydrathermal methad were discused.

2. Experimental procedure
2.1, Preparation of nanofibers

The nanofibers were prepared by the |.,-dm|w.m| \nellmd i
which natural dmenite mineral (Sakorn Mie

Thailand) was wsed s the starting material s; af dmenite
ral and 19M N3OH aqueous salution (200 mi) were placed
nside aTeflon-ined stainless autod ave. The autoclave was heated
and stirred at 120 °Cfor 72 b Aflerward, the mixture was coolesd
dawn Lo room lemperature and was washed with 0.1M HCI
aqueotss solution and O water 3 mmber of times. Then, the
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iimenite mineral (FeTi) as the starsing material The samples were chancierized by Xray diffractan
nit (XRE] scanning electras

aynthesized nanofihers cildned ar 300-400°C showed TH0: ()

500 "C revealed a miture of twe phases of Ti0: (Band anasse. The

manofibers cakcined 2 high temperature of 600-1000 °C showed 3 mixture of tn-crystalline of anatese.
rutile, and Fe,D, The rusle phase ineased with increasing calcination temperaure. The nanofibers

aakined a1 300-700 T

‘seruczure while the marpt e

Y ———

nutile phas

1000 rod- ke structure. o =l
m the phase mnghrmation from thermodynamicaly meranble anatase 1 the mest mabi form of
T

>

Incerestingly. with increasing calkinatian tempeature, e absorpton edge of the prepard samples

showes an abwaus shift o vesile light region due fo the change of cysllite phase and increzed

aysaline size. Thenekre, e band gap energy of the prepared samples bacame namowsr with
. P e

rhermore. the,

& 400°C for 2h was found to be not merely higher &1 those of the commencially available T,
Tanoparticies powders (P-25. AC-01. and JAC-03) bue alsa the highest of all the sampiles in this smdly.

3013 Elsevier Lxl. All ights reserved.

1. Introduction

Over the past thies decades, nanostructured materiak derived
from Tills have been reganded 5 the most suitable semicondudor

itting [|1-5] and
degradation of organic contaminants in water treatment [6- 13
The rate of the photocatalytic reaction i controllable at various

charges (electran () and hole (b)) onto the bl

surlace. and recormbination of ¢ and K an the pho
sulice [14] Therefore, the erystalline structure and surface
marphalogy of a phatocatalyst. such.as the particle shape and size,
are significant parameters in photocatalytic reactions [15-17]. In
addition, TH0, derived materials possess 3 rumber af good paints,
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E sz ac

[y =p—y

o

16 - s o s & 1013 Bl L1 AT dighs ressried
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such 25 high phatovoltaic eflect, medium diskctric perm
high chemical stability. and Jow toxicity [18]. Thus, Tich derived
materials were intioduced into a mimber of applications, eg.
catalysts [19]. gas sensors |20]. and dye-sensitized solar cells
[21.22)

Ti0a exists in various crystalline structures, ie. anatase (band
ap enerzy 32 V). rutile (hand gap energy 30 €V, brookite, and

manoclinic of Ti0a (B) [18,23]. Several methads were emplayed in
he pmwululluf the Ti0; derived nanamateriali. examples of
which were inert gas condensation [24) sol-gel method [25.26]
edecty ning [2728]. and hydrothermal [23-38] In our previ
ous warks, the hydrothermal method was selected to synthesize
nanalibers fram leucatene mineral because it was simple. low
cost, and environmentally friendly |38.39).

The nanafibers in this stuly were prepared by the simple
hyedrathermal method using inexpensive natural iimenite mineral
(~05-07 dollar kg) a5 the starting material The ealeined nano
fibers were treated with the cakination process. The chen

tion. crystalline structures. morph 1 m:npwru.

A samplewas dried at 100°C for 121
22 Characterimtian

The chemical composition of the flmenite mineral and that of
the as-synthesized sample were evaluated by X-ray

that of the assynthesized sample were evaluated by XRF.
Following the hydratherm.al process, the percentage of impurities
(Fexs, Alx0s, S, MnQ) decreased while that of TIO; increxsed
fram 669910 7621 WX The results were consistent with thase of
leuaie ne mineral and nanofibers from |eucaxene mineral in our
previous warks [38,39], b the a5-synthesized nanofibers showed
a higher pereentage of Fedla than the ranofibers prepared from
leumse e mineral. The afarementioned could be due tosakubility
af the impurities in NaOH and HCl aqueous solutions during
preparation process [14,15). Recent studies indicated Fe doping
ly enhanced the optical respanseof visible lightowing to
the reduced band gap energy [16], paabably contributing to the
brown colar of the as-synthesized sample in this research. The
nanofibers doped with Fe could be an altemative materil with
high potential for use a5 photocitalyst in hydrogen generation,
dye-semitized salar cell (DSSC) and decompatition of organic
dyes.

Fig. 1(a) shaws the XRD patterns of the prepared samples
compared with the starting \lnemlz mineral. The XRD pattern of
the starting ilmenite mineral emes rutile phase. while the
structure of the as-synthesized nam m.m revealed the hydrogen

R E RN

(XRF, Philips, PW-2404, 4 KW]. The microstructures of the iimenite
mineral theas-s stned nanafibe s a ned nanafibers
were investigated g electron microscopy (SEM; JEOL,
JEM-6510) and Iululnu:mue\«llulumt.lux‘upylT[M JEQL JEM
2010). The X-ray diffraction (XRD) jtterns of the as-synthe sized
samples were obtained with PANalytical diffractometer (XPert
PRO MPD madel pw 30400) swing Cu
irmadiation at a sc
80 operated at 40KV a
the samples were measured mg nitrogen dsorption (Quanta
chrame Instruments, Autasort.

2.3 Photocatalytic activity medsirement

The photocatalytic activity was measured through the forma.
tian rate of 1~ due to the axidation photareaction of 1~ to 1
excess - cond
50 mg of asample powder inta 10 ml of 0.2 M af potassium iadide
1) aqueaiss solu jon; the mixture was then stimed and inadiates
Tom tem pe rature mm UV light with maximum emission af
appraximately 365 ng the irradistion far 15,30, 45, and
60 min, the uapemaau was wlleranwd centrifuged. After the
Clear supematant was diluted 10 times, the concentration of
liverated h™ jors was determined by the absorbance at 288 nm
using anUV: Vumlmﬂwmn:kllslllmd(uLIVZASOA.TI:lmhl
extinction coellicient was found to be 40 x 10° cemmalf)
o I~ formation was ebierved when the experiments were
performed in the darkor in the absence of the Ti0; samples. Thee
different commercially available Ti0; nanaparticle powders, ie.
P-25 (Nippan Aerusil Co, Lid, Japan], JRC-01, and JRC-03 (The
Catalysis Society of Japan) were tested for use s reference.

3. Results and d Basson
3.1, Assynthesized nanfivers

After the reaction in the hydrothermal process. the s
synthesized nanopowders become baown (Fig 2(b)) while the
starting ilme nite mineral is black [ ))- The findings indicated
that a large fraction of Fe impurities could he

i (3q.) hydrothermal trestment 1
pracesses [34]. The chemical compasition of imenite miner

and
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3. Introduction

ki avd Cemer of Excalen
\ st N ory Tiana® nanofibers were synthesized wia the hydrothermal method (120 °C for 72 h) using namural
_h-r-ml-' 5 July 1:0'-1 . ilmenite mineral (FeTi),) as the starting material The samples were chagoerized by X-ray diffraction
:::::_. JGWA:-I‘L;; 1' 34 arch 203 (XRD} Xeray fluoresoent (XEF) scanning elsctron micrasoopy (SEM ), Tans mizsion elsctron micrasmpy
hecepend 23 Jy. 21 “;ﬂc.a (TEM), and Brunauer-Emmett-Teller (BET) for specific surfice area. The nanafibers were 20-50nm in
: N diameter and 2-7 pm in length. The as-synthesized nanofibers claned a1 300-200 T showed TiI: (B)
whereasthe nanafibers calaned a 500 *Crevealsd ambcture of twea phases of Ti0: (B)and anatse. The

- .
::":'"‘n nanofibers calcined a high temperature of G00-1000 “C showed 3 micture of tri-crystal line of anagse,
X e r I | I I e I I a Py \":_";":"‘ . rutile, and Feyf,. The mutile phase ineased with ineasing @icination temperature. The nanafibers
L] E % - calcined at 300=T00 “C maintained their struchure while the maonphal gy of the nanofibers caloned at

il sy aclesiis

D Ca i ._:.\_u.:.:ﬂ B00-1 1000 “Ctrans formesd invto su bmicron rod-l ke structune. This inaease of cal anation tempemture lad
\ m the phase tensformation from thermo dynamically metasable anatase to the most stable form of
nutik phase. The crystalite sie of prepared samiples increased with increasing cakoination temperature.

InteTestingly, with increasing caldnation temperature, the absonption edge of the prepard samples
shows an obwious shift o wisible light region due to the change of cysallie phase and increased
aystallite size. Therefore, the band gap energy of the prepared samples bacame narmower with
increasing calcination femperature. Furthermore, the phomcatalytic acivity of the nanofibers cal aned
& 400"C for 2h was found to be not metely higher than those of the commercially available Ti0:
nanoparticles powders (P25, [RC-01, and JRC-03) but alio the highest aof all the sam pl= in this study.
& 3013 Flsewier L All nightts reserved.
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Fabrication and Utilization of Titania Nanofibers from Natural Leucoxene Mineral
in Photovoltaic Applications

Sorapong Pavasupree®, Navadol Laosiripojana’, Surawut Chuangchote?, and Takashi Sagawa®

Faculty of Engineering, Rajamangala University of Technology, Thanyaburi, Klong 6, Pathumthani 12110, Thailand

'The Joint Graduate School of Energy and Environment (JGSEE), King Mongkut's University of Technology, Thonburi, Bangmod 10140, Thailand
2Institute of Advanced Energy, Kyoto University, Gokasho, Uji, Kyoto 611-0011, Japan

Received June 25, 2010; accepted October 5, 2010; published online January 20, 2011

TiO.> nanofibers were synthesized from natural leucoxene mineral via a hydrothermal process. The shapes, crystalline structure, shape
transformation, phase transformation, and specific surface area of the resulting nanostructured materials were characterized by X-ray diffraction
(XRD), scanning electron microscopy (SEM), transmission electron microscopy (TEM), and Brunauer-Emmett-Teller (BET) surface area
measurements. The size of prepared nanofibers was about 12-58 nm in width and about 3—-22 pm in length. The BET surface area of the prepared
sample was about 55m?/g. Obtained nanofibers were preliminarily applied as photocatalysts for hydrogen evolution and electrodes for dye-
sensitized solar cells (DSSCs). © 2011 The Japan Society of Applied Physics
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Synthesis and characterization of vanadium oxides nanorods

Sorapong Pavasupree®, Yoshikazu Suzuki®, Athapol Kitiyvanan®,
Sommai Pivsa-Art®, Susumu Y oshikawa®*
“Instirute of Advanced Energy, Kvoto University, Uji, Kyoro 611-0011, Japan
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Parhpenchand 32000 Thailand
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Available online 25 April 2005

Abstract

Vanadium oxides nanorods with high crystallinity and high surface area were synthesized by hydrothermal method using
laurylamine hydrochloride, metal alkoxide and acetylacetone. The samples characterized by XRD, nitrogen adsorption isotherm,
SEM, TEM, and SAED. Uniformly sized B phase VO, nanorods had widths about 40-80nm and lengths reaching up to 1 pm.
V105 rodlike structured with the widths about 100-500nm and the lengths of 1-10 pum were obtained by calcination at 400 °C
for 4h. This synthesis method provides a new simple route to fabricate one-dimensional nanostructured metal oxides under
mild conditions.

@ 2005 Elsevier Inc. All rights reserved.

Keywerds: Vanadium oxides; Manorods; Nanowires; Characterization; Mild conditions
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Preparation and characterization of high surface area nanosheet titania
with mesoporous structure

b . . .
Sorapong Pavasupree **°, Supachai Ngamsinlapasathian ®,
Yoshikazu Suzuki ?, Susumu Yoshikawa **
* Institute of Advanced Energy, Kyoto University, Uji, Kyoto, 611-0011, Japan

Y Depariment of Materials and Metallurgical Engineering, Faculty of Engineering, Rajamangala University of Technology Thanyaburi,
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Abstract

High surface area nanosheet TiO, with mesoporous structure were synthesized by hydrothermal method at 130 °C for 12 h. The samples were
characterized by XRD, SEM, TEM, SAED, and BET surface area. The nanosheet structure was slightly curved and approximately 50100 nm in
width and several nanometers in thickness. The as-synthesized nanosheet TiO; had an average pore diameter about 3-4 nm. The BET surface area
and pore volume of the sample are about 642 m®/g and 0.774 cm’/g, respectively.
© 2006 Published by Elsevier B.V.

Keywords: Nanosheet; Mesoporous; High surface area; TiO;
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ARTICLE INFO ABSTRACT

Asticle history: Ti0y nanotube arrays, novel Ti0y-hased nanomaterials with unique chemical and physical properties,
Received 31 December 2013 have been demonstrated to serve as multifunctional materials which show great promise in addressing
Received in revised form 1 September 2014 many challenges in both environmental and energy technology fields. They have exhibited extraordinary
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catalytic abilities in several cases: in the degradation of environmental inorganic and organic pollutants
o bess toodc compounds, water splitting, and in the reduction of atmospheric COy, levels by incorporation

of 00z into hydrocarbons, among others. Moreover, the wide absorption spectrum characteristics and dis-

xf"-"“”'ﬁ" tinct electrochemical properties of modified Tidy nanotube arrays make them excellent candidates for
Tz nanotube armrays . L . .
Photocatalysis use in solar cells and sensitive sensors for trace compounds, etc. This review focuses on the recent
Enviranmental analytical chermistry applications of Ti(y, nanotube arrays in removal of pollutants, environmental analytical chemistry, water
Hydrogen production splitting, solar cells and C0z conversion.
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3. Introduction

ki avd Cemer of Excalen
\ st N ory Tiana® nanofibers were synthesized wia the hydrothermal method (120 °C for 72 h) using namural
_h-r-ml-' 5 July 1:0'-1 . ilmenite mineral (FeTi),) as the starting material The samples were chagoerized by X-ray diffraction
:::::_. JGWA:-I‘L;; 1' 34 arch 203 (XRD} Xeray fluoresoent (XEF) scanning elsctron micrasoopy (SEM ), Tans mizsion elsctron micrasmpy
hecepend 23 Jy. 21 “;ﬂc.a (TEM), and Brunauer-Emmett-Teller (BET) for specific surfice area. The nanafibers were 20-50nm in
: N diameter and 2-7 pm in length. The as-synthesized nanofibers claned a1 300-200 T showed TiI: (B)
whereasthe nanafibers calaned a 500 *Crevealsd ambcture of twea phases of Ti0: (B)and anatse. The

- .
::":'"‘n nanofibers calcined a high temperature of G00-1000 “C showed 3 micture of tri-crystal line of anagse,
X e r I | I I e I I a Py \":_";":"‘ . rutile, and Feyf,. The mutile phase ineased with ineasing @icination temperature. The nanafibers
L] E % - calcined at 300=T00 “C maintained their struchure while the maonphal gy of the nanofibers caloned at

il sy aclesiis

D Ca i ._:.\_u.:.:ﬂ B00-1 1000 “Ctrans formesd invto su bmicron rod-l ke structune. This inaease of cal anation tempemture lad
\ m the phase tensformation from thermo dynamically metasable anatase to the most stable form of
nutik phase. The crystalite sie of prepared samiples increased with increasing cakoination temperature.

InteTestingly, with increasing caldnation temperature, the absonption edge of the prepard samples
shows an obwious shift o wisible light region due to the change of cysallie phase and increased
aystallite size. Therefore, the band gap energy of the prepared samples bacame narmower with
increasing calcination femperature. Furthermore, the phomcatalytic acivity of the nanofibers cal aned
& 400"C for 2h was found to be not metely higher than those of the commercially available Ti0:
nanoparticles powders (P25, [RC-01, and JRC-03) but alio the highest aof all the sam pl= in this study.
& 3013 Flsewier L All nightts reserved.
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1. lntroduction such a5 high phatovollaic effea, medium dislectric pemmittivity,
high chemical stability, and low boxicity [18]. Thus, Tids derived
Over the past three decades, nanastructured materials derived matenals were introduced ino a mumber of applications, eg.

Fravm Tl have been regarded a5 the most suitable semicondudor
in such applications a5 photocatalyst of water splitting [1-5] and
degradation of organic conlaminants in waler treatment |6 13)
The rate of the photocatalylic reaction is controllable al varous
ateps inthe process: light shaorption, trans port of photog enerated
charges (electron (&) and hole (h*)) onto the photocatalyst
surface, and recombination of & and h° on the photocatalyst
surhice |[14) Therelre, the corystalline structure and  surface
marphalogy ol s photocatalyst, such as the particle shape and size,
are significant parameters in photocatalytic resctions [15-17] In
addition, Til, derived materak posses a mumber of good paints,
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catalysts |19) gas sensors [20) and dye-senditired solar cell
121.22).

Tilg exists in various crystalline structures, ie, anatase (band
gap energy 3.2 eV nutile (band gap energy 3.0 ¢V, brookite, and
manachinie of Tila (B) | 1823 Several methods were emplayed in
the preparation of the Tily-derived nanomaterialks, examples of
which were inen gas condensation [24] sol-gel methad |25.26)
eleriros pin | and hydmthermal [23-38] In our previ
ous worky the hydrothermal method was seleasd 1o synthesize
nanalibers from leucmens mineral because it was simple, low:
ol and envirnmentally frendly |38.39)

The nanofibers in this sty were prepared by the simple
hydrothe mal methad us nexpensive nalur nile al
(~5-007 dollar kg) as the starti rial. Tk i
libers were treated with the cal ion process The dhemical
oo posi Lion, crystalline structures, morphology, and BET s pecilic
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1. Introduction Fi\le overall
picture — keep
Epigenetic modifications are increasingly recognized to play it brief!

significant roles in both normal cellular physiology and disease pro-i (no history
cesses, particularly in cancer where aberrant gene expression has lesson!)

long been associated with the pathogenesis of diseases. The histone
acetylation status, one of the major groups mediating epigenetic
modifications, is determined by the opposing actions of histone
acetyltransferases (HATs) and histone deacetylases (HDACs). HAT
inactivation has been linked to oncogenesis and experimental
evidence suggests that the aberrant HDAC activity leads to the

transcriptional repression of specific tumor suppressor genes, thus

contributing to tumor formation (Marks et al., 2001; Karagiannis Current state
and El-Osta, 2006). Actions of HDAC inhibitors (HDACIs) often of
result in cell cycle arrest, differentiation and apoptosis in numer- knowledge
ous transformed cell lines in culture and in vivo (Johnstone, 2002;

Therefore, the development of HDACIs as therapeutic agents for
cancer treatment has recently been intensified.
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hydroxamic acid) that recently has been approved by FDA for the
treatment of cutaneous T-cell lymphoma (CTCL)i is notan ideal drug

according to the Blopharmaceutncal Classnﬁcatlon System (BCS),
and short half-life in clinical trials (half-life of 120 min for oral
administration vs. 40 min forintravenous) (Kelly et al., 2005). More-
over, HDACIs with substantially longer half-lives, such as MS-275
with a half-life of up to 80 h, display higher toxicity profiles (Ryan et
al., 2005). Additionally, Valproic acid binds to serum proteins (up to
90% of the absorbed drug) and exhibits low potency (Minucci and
Pelicci, 2006).

Nevertheless, Vorinostat known as SAHA (suberoylanilide |

Growing evidence has also revealed that the hydroxamate group
is associated with low oral bioavailability, poor in vivo stability,
and undesirable side effects (Mulder and Meerman, 1983; Vassiliou

hydloxamate type mhlbltor Batlmastat promoted liver metasta-
sis in a tumor free mouse model (Kruger et al., 2001). As such, it
has become increasingly important to identify replacement groups
that exhlblt strong 1nh1b1tory action agamst HDACs. Therefore, the
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3.1. Factors affecting entrapment efficiency of flurbiprofen in

has significant higher entrapment efhciency than other span types

(P< 0.05). This could be due to the surfactant chemical structure.

All span types have the same head. group.and dlfferent alkyl chain. Choledinrol mole &%

Increasing the alkyl chain length is leading to higher entrapment e el e e R i

efficiency(Haoetal,, 2002). The entrapment efficiency followed the the entrapment efficiency of flurbiprofen into niosomes. FT/C: freeze thaw-
ing/centrifugation. D: dialysis.

70
niosomal formulations £
604
3.1.1._Effect of surfactant structure E i
. . . - 551
To investigate the influence of surfactant structure on flurbipro- ] Eriiparet
fen entrapment efficiency, niosomal formulations of different spans § = 5p60 D
. v . » -
were prepared from proniosomes with the same total lipid con- - - Gt
centration ( 100 wmol/ml). Results listed in Table 3 show thatSp 60 | « *
35
30

10 20 30 40 50 60 70

Table 4

Effect of flurbiprofen concentration on niosomal encapsulation efficiency
Flurbiprofen concentration EE% % (mg drug/pmol of
mg/mmol lipids total lipids)

25 55.99 + 2.28 140 = 0.06

50 67.04 = 141 335+ 014

75 722523 541 £ 017

Each resultis the mean value£S.D.(n=3).
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Good tables and figures for good discussion in review paper

Table 1

Advances of modified TiO, nanotube arrays as a catalyst in photocatalytic degradations.
Modification Methods Pollutants Light sources Degradation rate (%) Refs.
N and F Anodization MB Visible light 90 [18]
B Electrodeposition Phenol Visible light 66 [20]
ZnTe Electrodeposition 9-AnCOOH Simulated solar light 100 [33]
Ti Hydrothermal method Rhodamine B UV light 80 [46]
C Cyclic voltammetry 9-AnCOOH Simulate solar light 100 [47]
Fe Liquid phase deposition MB Visible light 50 [48]
Ag and N Electrodeposition method AD- Visible light 37 [49]
Cus0 Electrodeposition AD-11 Visible light 90 [50]
C Hydrothermal treatment MB Visible light 80 [51]
WO Immersion Cr(VI) UV light 100 [52]

24 Q Zhou et al./ Microporous and Mesoporous Materials 202 (2015) 22-35
26 Q. Zhou et al./ Microporous and Mesoporous Materials 202 (2015) 22-35

TiOz2 Nanotubes

Solar Irradiation
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Hz evolution and
MO photodegradation
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lonic Liquid :

> -

©

Tim :_ihl

©

h'+H;0--OH+H"
h'(*OH)+citric-acid—oxydate

Cr(VD+e-Cr(v) it
Cr(V)+e-Cr(lV) -@ |
Cr(lV) +e>Cr(ll)  —

T
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Fig. 2. Schematic illustration of the PEC reduction of Cr(VI) with S-TNTs as the photoanode and a Ti mesh as the photocathode under UV irradiation [16].

Ti foil

Fig. 7. Schematic illustration for DNA/C-TiO, nanotube arrays construction and its Pb ion monitori

Fig 4. Schematic of illustrating the separation and transport of charge carriers under visible light irradiation for TiOz nanotube arrays, Fe*fFe*" and 4-Fe;0s [22].

Q. Zhou et al./Microporous and Mesoporous Materials 202 (2015) 22-35
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Good table for good discussion in original paper

Table 1
Summary of studies in the application of silver nanoparticles on fabrics.
Fabric Sibver precursar Reducing method stabilizing agent Antibacterial test Fhysical tests References
performed
Ex situ treatmient
Cotton Agh Fungus F. - Against 5 qureus Wash test Duran et al. [40]
OXYSpOrim
Cotton, silk and wool A5y Chemical redection  Sodium borchydride Soil burial test against  Tensile, bending, Chattopadhyay and
and trisodium citrate natural bacteria in soil  crease recovery Fatel |50]
and bending test
Cotton and wool AgND Chemical reduction  Polyvingl pyrrolidone Against E. colf, 5 aurens - Raja et al. |51]
and trisodium citrate and . geruginosa
Cotton AgND Chemical reduction  Hydroxypropyl starch Against E. coli and 5. Wash test Hebeish et al. [30]
QLrELs
Cotton, flax and viscose  AgRDy Chemical reduction  Sodium borchydride Against E. coll and 5 wirinkle recovery lbrahim et al. [52]
ALTELS and air
permeability
In situ treatment
Cotton polyamide blend  Agho; In situ reduction Fabyvinyl alcohol Against E. cobl Wash test Fohle et al_ | 58]
with sodium
borohydride
Cotton Aghi Chemical reduction  Cetyltrimethyl Against E. coli and 5. Wash test El-Shishtawy et al.
ammonium bromide QLTEUS [85]
and ghecose
Cotton Aghg In situ reduction Cellulose Against E. coll and 5 Wash test Jiang et al. [59]
QLTELs
Cotton AgND; to In situ reduction Cellulose Against E. colf and 5. Wash test. wrinkle  Montazer et al. [82]
[AmiMH; L] QLrELE recovery and
wettability
Cotton AgND In situ reduction Cellulose - - Omrani and
with Cellulose Taghavinia |&0]

Morphological, antimicrobial, durability, and physical properties of untreated and treated textiles using silver-
nanoparticlesOriginal Research Article
Colloids and Surfaces A: Physicochemical and Engineering Aspects, Volume 436, 5 September 2013, Pages 975-989

Srimala Perera, Bharat Bhushan, Rathnayake Bandara, Gamini Rajapakse, Sanath Rajapakse, Chaturanga Bandara
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Results and
discussion

Table 1

The elemental composition of impurity.

Element

Starting material

As-synthesized

TiOs 91.3 0928
Fe, (s 4101 2.89
ALO, 0.541 N/A
Si0)- 051 0.351
Zr(, 149 1.22
S50, 0.253 0.389
Cud 0.173
Nb-0Os 0.62
Cal 0.128
Na,O 0.1
Cry0; N/A
Results
Discussion

lnstn-raa doi.org/10.1016/j.ceramint.2014 1)
3. Results and discussions

3.1. As-synthesized nanotubes

The chemical compositions of the leucoxene mineral and the
: as-synthesized samples were analyzed by X-ray fluorescence,
i the results of which are shown in Table 1. After the
" hydrothermal process, the quantities of impurities such as
I Fe;03, 5105, and ZrO; decreased as the Ti0O, content increased
: from 91.3 to 92.8 wit%. This result may be due to the higher

: during the preparation process [33,34]. The doping of transi-
: tion metal ions such as Fe* " into the as-synthesized samples
leads to an extension of the samples spectral response to
visible light caused by a reduction in the band gap energy [35],
and 7Zr doping possibly suppresses the recombination of
electrons and positive holes by their trapping, which can

— o e e e e e e e e e e e T S S S =

Fig. 1 shows the EDS results of the as-synthesized samples.
The samples contained the expected elements (Ti, O, Fe, and 1
Cu), indicating that a highly pure composite was ﬂbl:ajnecl:

1
1
1
1
1
1
: improve the photocatalytic activity of the material [36,37].
:
1
1
1
I through the proposed method. '



3.4 DSSC photovoltalc measuremems

Res u Its a n d | nanofiber electrode are shown in Table H. Fm the electrode !

d M N I made from nanofibers calcined at 400°C, the short- circuit:
ISC u SS I O n 1 photoc,un ent density (Jg). open-circuit photovoltage (V,).
ﬁll factor (FF), and the overall conversion efficiency (n) was |
; found to increase as compared with that of as-synthesized |
Jpn_ J. App| Phys 50 {201 1) 0D1BJ16 | nanofibers, because of the higher crystallinity of TiO, (B)!
Iin the samples calcined at 400°C. An increase in the !
|c,cll(,1n(1t10n temperature resulted in decreases in Jy and sy
. . I which corresponds to the case of photocatalyst where an
Table Il. Photovoltaic properties of DSSCs made of nanofibers : increase in thnle calcination tempeldtu:e 1esultedym a decrease :
synthesized from leucoxene mineral, nanofibers calcined at various  in the amount of hydrogen evolved. The highest 7 in DSSCs |
| based on the nanofibers synthesized from natural leucoxene !
I was 0.07%, which is significantly lower than that of cells !

temperatures, and reference TiO2 nanoparticles (P25) and composite P25/

400 “C-calcined nanofibers. from conventional nanoparticles, e.g., ~6.2% (see Table II).

“Ife TSignificant [ow J, of Iiggt‘flﬁsgd_oﬁtre nanofibers
= mm e e e e e L L S e e e -
Sample Jsc . Voc FF | synthesized from natural leucoxene may be ascribed to a
(mA /em”) (V) (%) 1 slightly small number of adsorbed dye molecules on the

y y

. I electrode compared with that of the nanoparticle cell (e.g
N . . a2 ”
As-synthesized fibers 0.04 0.28 0.003 :(}.]? and 0.56 nmol/cm? in 15-um-thick cells of nanofibers
MNanofibers calcined at 400 °C 0.19 .56 .69 0.074 | (synthesized from natural leucoxene) and nanoparticles,
. - j respectively). The reasons for this result may be the non-

Nanofibers calcined at 700 °C 0.07 0. 037 0000 | g ’

I anatase TiO, samples used in this study and impurities [e.g.,

Nanofibers calcined at 1.000°C 0.05 33 0.38 0.006 I'Fe,04 (see Table )] in the fabricated fibers. Even though
\ ' R : the photovoltaic performance of nanofibers synthesized from
P25 12.63 0.74 0.67 6.222 y natural leucoxene was not high, the obtained fibers have

P25/400°C-calcined nanofibers 14 0.71 0.68 £.958 Isome advantages, e.g.. 1D characteristics (which benefit
I electron transport), hlgh surface area, and yellowish color

I'(which increases light absorption in the visible range).
| Therefore, mixing of nanofibers synthesized from natural
| leucoxene and calcined at 400°C with nanoparticles (P25)
Resu Its I was carried out to fabricate photoelectrodes for DSSCs
I (nanofibers: P25 = 40 : 60 w/w). The photovoltaic results
:of the cells are shown in the last row of Table II. At the
| same thickness of electrodes, the cells made of composite
I nanofibers /nanoparticles show higher n than those made
lof only nanoparticles (n of cells comprising composite

D I S C u S S I O n :_nemoﬁbers/nanopaﬁicles ~7.0%).
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Az Nancfibers from ilmenite mineral
B: Calcined at 400 *C, 2 h

25 | C: Calcined at 700 °C, Z h
—_ D: Caleined at 1,000 °C, 2 h
= E: P-25
s 2] F: JRC-01
—
xﬂ G: JRC-03
= H: Nanofibers from Leucoxens mineral
O 15 4
c
8
ey
£
c 1 A
o
5 I fFig. 7
3 magg/of Fig.
05 4
0 /
A B F €] H [38]

Fig. 7. Photocatalytic activity (I3~ cor

ntration) of the as-synthesized nanofibers,

the calcined nanofibers for 2h/at various temperatures, commercial TiOs

nanoparticles (P-25, JRC-01, ar

Results

RC-03), and nanofibers from leucoxene mineral.

Discussion

5 Photocotalytic activity

= wA[n

- - : d at various temperatures for 2 hy
land commerdal grade Tilly; nanoparticles, ie, P-25, [RC-01, and
IJ RC-03. The photocatalytic activities of all the samples caloulated
V3 the concentration of I;7 in 10 ml of 0.2 M Kl solution per unig
| mass. After UV irradiation for 60 min, the nanofibers cakined ag
1400 “C for 2 h showed the highest photocatalytic activity in which)

I3~ concentration was approximately 250 = 107° M, whereas the
Inanofibers caldned at 1000°C for 2h showed the loweesg
Iphntccatal].ftic activity with 13~ concentradon of roughly
1029 « 107*M. The nanofibers calcined at 400 °C for 2 h exhibited
Ihight:r photocatalytic activity (250x= 107 M) than the asq
synthesized nanofibers, the nancfibers calcined at 700°C they
as-synthesized nanofibers from leucoxene mineral and commer
I4:ia| grade Tid; nanoparticles, e, P-25, JRC-01, and JRC-03, each off
le‘u’ch respectively wielded 13- concentmtion of 0,60 = 1079
050= 107%, 059:= 107, 15010~ 060= 107, and

al:ljﬂ « 107* M. The results indicated that the calcination processg

significantly influenced the photocatalytic activity of the Tidy |
nanofibers, which could be attributed to: (1) the nanofibers |
calcined at 400°C for 2 h showed Ti0z (B}, which promoted the |
photocatalytic activity [38]. The BET spedfic surface areas of the |
nanofibers caldned at low temperatures tended tobe larger than |
those of the nanofibers calcined at high temperatures, and the |
larger BET spedfic surface area improved the photocatalytic |
activity | 36,38,62-70]; (2] the hydrogen titanate structure of the |
as-synthesized nanofibers from ilmenite and lewcoxene (previ- |
ous work] [38] mineral had a larger band gap of approximately |
3.80 eV corresponding to recently work, resulting in deeasesin |
both photoreaction and photocatalytic activity of the as- |
synthesized sample [61,71-73]; (3] the nanofibers calcined at |
700 and 1000°C for 2h showed not just a mixture of tri- |
crystalline phase of anatase, rutile, and Fe:Os but also submicron |
particle structure. Generally, the rutile phase has high recombi- |
nation rates of photogeneratede~ and h”, leading to a decrease of |
photocatalytic activity [4.36,38,65). Recent research stdies |
reported that the submicron partide morphology decreased |
the spedfic surface areas and thereby the photocatalytic activity |
| 36,38 )62-68). Thus, the photocatalytic activity decreased as the |
calcination tempem@ture increased. In addition, although, nano- |
fibers calcined at 700 and 1000 “C for 2 h showed the absorption |
higher than the nmanofibers caldned at 400 °C for 2 h, but the |
narrower band gap energy is a result of the recombination of |
electron and hole that may be result in the decease of the |
photocatatytic activity [74]. Furthermore, nanofibers caldned at |
400°C for 2h showed greater photocatalytic activity than |

nanofibers calcined at 700 and 1000 “C for 2 h due to the oy
increase in light absorbance |41).
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Fig. 5. SEM images of the as-synthesized nanofibers at (a) 10,000 x and

(b) 20,000 x magnification.

Fig. 6. TEM image of the as-synthesized nanofibers at 100,000 x
magnification.

Results

Discussion

Results and
discussion

I'room temperature [38]. An SEM image of the starting ilmenite!
mineral is shown in Fig. 4; this illustrates the granular:
jstructure of the material, with grain sizes of 150-200 um.
1 After the hydrothermal treatment, the as-synthesized sample)
lexhibited a uniform fiber-like morphology (Fig. 5). To confirml
Ithe formation of nanofibers, TEM analysis was used, and al
Inepresenlative image can be seen i Fig. 6. From the TEM
jimages, it can be observed that the as-synthesized nanofibers
tare solid rather than hollow. I
I The nanofibers tend to form bundles; thus some of thel
'nanohbers look thicker than others. The prepared nanoh-
Ibers had lengths from 2 to 7pum with diameters of
12090 nm (Fig. 6). The nanofiber formation can be.
lexplained by the coarseness of the ilmenite granules, whichj
Iretarded their dissolution in the NaOH solution, suppres-I
:sing nucleation and assisting preferential crystal growth'
jalong the 010 direction of the trititanate [38]. The dia-
ymeters (Fig. 7) of the as-prepared nanofibers were found toy

I be smaller than the diameters of nanofibers prepared byl
| electrospinning [4,50-52], anodic oxidation [32] or tem-
| plate assisted methods [28]. 1
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[TiBu] / [ACA] = 1 el e e T B T Ly T e T T T T ==
RN YT T 1 Fig. 2(a—b) shows the low and high magnificaion SEM images of
Res u ItS —3  the as-synthesized sample, mdicating the flower-like morphology

Stirring at room temperature for 5 min
| | composed of nanosheets. The flower-like structure had a diameter
about 500 nm to 2 pm (Fig. 3(a)). The nanosheet structure was slightly

Ammonia aqueous solution
28 % (30 ml)

—

curved and approximately S0—100 nm in width and several nanometers
m thickness (Fig. 3(b—c)). The electron diffraction pattern shown in the
mset of Fig. 3(b) supported that the nanosheet was anatase-type TiO,,

Hydrothermal at 130 °C for 12 h
with stirring condition

!

Washing by HCI, 2-propanol, and

which comresponded to the XED results (low crystallinity of anatase
T, Fig. 5). In addition, higher magnification TEM (Fig. 3(c)) image

distilled water

i
[ Dry at 100 °C for 12 h | shows nanopores in the flower-like structure.
I NS | 2 - S SS S-S SSSSISSISSISSISSIDSIDSIDDIDDo=os ,
Calcination for 1 h at 300-700 °C
| T | From the above data we can deduce the growth process of the |
|

nanosheet TiO, (Fig. 7). At first, amorphous TiO; nanoparticles were
prepared by TiBu—ACA in 40 ml H,O. There are many aggregations of |
TiO, nanoparticles (after added ammonia aqueous solution 28%), !
which can work as nuclei for TiO, growth. The nanosheet TiO, grow :
under hydrothermal treatment because the nanotubes (from nanosheets |
rolling technique) can be synthesized at 110-120 °C for 48-72 h and |

dilute base treatment generates thin, curled sheet materials [28-31]. :

I Characterization |

Fig. 1. Schematic representation of the experimental procedure.

S. Pavasupree et al. / Materials Letters 61 (2007) 2973-2977

Amorphous TiO2 Aggregated Nanoflower-like Nanorods/

ed of heet nanoparticles .
RASOpRRticies. RS a ane £ The nanosheet structure after calcinations was destroyed and changed |

to nanorods/nanoparticles composite at high temperature [27,30]. 1
I

r=——=-—="T="-=-=-=-=-=-=-=--"Ir--=-=-==-====

TiBu+ACA+H,0 Added 28% ammonia Crystal growth by Calcination at
aq. sol. hydrothermal 130°C 12h  300-500 °C

Discussion

Fig. 7. Schematic representation of the growth diagram of nanosheet and nanorods/nanoparticles TiO,.
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Effect of Calcination Temperature on Structoral and Photocatalyst
FPropertie: of Nanofibers Prepared from Low-Cost Natural Ilmenite
Mineral by Simple Hydrothermal Method
Attepon Simpadipan* Therakom Winmmonskol” Sorapons Pavasupres™
Wisam Pecharapa®
“Coliege qf Namotechnology, King Mongfur 't Instinne gf Technoalogy Ladtrabang,
Lodirabang, Banghok 10520, Thailand
*Department of Materials and Metaihergical Eneineering, Farulty of Ensinedring,
Rajemangala University qf Technolesy Toqatert, Kong 6, Pathumchant 12010, Thailand
* Thaiiand and Cerser of Excellence in Piysics (ThEP Cever), Commizsion on Fegher
Educarion, 318 5i dyurthaya D, Bangkok 10400, Thailand
*SOmRpOnEpEyaboo.com

Abstract

Titanate nanofibers were synthesized via the hydrothermal method (120%C for 72 b) using
nanural ilmenite mireral (FeTik) as the startng material. The samples were characterized by
N-may diffaction (KFLY). X2y fucrescent (XFF), scanning electron microscopy [SEM).
ransmizsion electron micrescopy (TEM), and Brnmasr-Enmet-Tellar (BET) for specific
srface area. The nanafhers wers 3000 nm in diameter and 3-7 pm in lensth. The as-
synthesized nanofivers calcined at 300400 *C showed TiCk (B) whereas the nanafibers
calcined at 500 *C revealed a mixhue of two phases of Te0), (B) and amatazse. The nanafibers
calcined at high temperature of GM-1000 °C showed a mintars of m-crystalline of anatase,
rurile. and Fe, 0y The natile phass inmreased with increasing calcmation temperamure. The
nanofbers calcined at 300-700 *C maimtamead their stmactare while the morphology of the
nanofbers calcined at S00-1000 *C ransformed mto submicron rod-like smachme. This
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Abstract

Anatase TiO, nanotubes were synthesized from a natural leucoxene mineral by the hydrothermal method at 105 °C over a pedod of 24 h. The
prepared samples were caleined at vadous temperatures from 100 to 1000 °C in air for 2 h. The samples were characterized by X-ray diffraction
(XRD), encrgy-dispersive X-my spectroscopy (EDX), thermogravimetry-differential thermal analysis (TG-DTA), field ermission scanning
clectron microscopy (FE-SEM), transmission electron microscopy (TEM), and Brunauer-Emmett-Teller (BET) analysis to determine the specific
surface area. The XRD patterns revealed that the as-synthestzed samples were titanate (H,Ti,05) nanotubes. The as-synthesized samples caleined
at 40 “C showed anatase Ti0, with inner and outer diameters of ~ 6 nm and 16 nm, respectively, and lengths in the range of 20-100 nm. The
BET surface area of the anatase T, nanotubes was ~82.98 m™/g. The photocatalytic activity of the anatase TiO; nanotubes was observed to be
higher than that of commercial anatise TiO: nanoparticles (JRC-01).

@ 2014 Elsevier Ltd and Techna Group S.rl. All nights reserved.
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Abstract

Anatase TiO nanotubes were synthesized from a natural leucoxene mineral by the hydrothermal method at 105 °C over a period of 24 h. 'I'he
prepared samples were calcined at various temperatures from 100 to 1000 °C in air for 2 h. The samples were characterized by X-ray dlffmcuonl
(XRD), energy-dispersive X-ray spectroscopy (EDX). thermogravimetry-differential thermal analysis (TG-DTA). field emission scanning|
electron microscopy (FE-SEM), transmission electron microscopy (TEM), and Brunaver-Emmett-Teller (BET) analysis to determine the specificl
surface area. The XRD patterns revealed that the as-synthesized samples were titanate (H,Ti;04) nanotubes. The as-synthesized samples calcined!
at 400 °C showed anatase TiO, with inner and outer diameters of ~6 nm and 16 nm, respectively, and lengths in the range of 20-100 nm. The'
BET surface area of the anatase TiO nanotubes was ~82.98 m*/g. The photocatalytic activity of the anatase TiO, nanotubes was observed to be
higher than that of commercial anatase TiO, nanoparticles (JRC-01).
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Dye-sensitized solar cell made from @
TiO,

-(P-25)-derived nanotube and nanowires
SEM 18 (100.000)

”"'\! 9

Thickness "'-'rg,: Voc Jso Fill factor efficiency
[Mm] V] [mV] [mA/em’]  [-] [%]
10 nm THNW a1 0752 752 0.50 0.58 0.22
TNW (Press) 6.1 0725 725 710 0.71 3.66
St : TNW {Press + TiCl,} 1.4 0741 141 1.90 0.70 X 413?"1
- iti o { ; oV =
For dye-sensitized solar cell, P25+TNW(50wt%) g1 0754 754 10.83 064 < 524 <o
’] Onrﬂ (Press + TiCl ) o A=
1) Uchida sensei, 270-400 m*/g yy o

S. Uchida, R. Chiba, M. Tomiha, N. Masaki, and M. Shirai, Electrochem., 70 (2002) 418. efficiency = 2.9%

S. Uchida, R. Chiba, M. Tomiha, N. Masaki and M. Shirai, "Hydrothermal synthesis of titania nanotube and its application for dye-sensitized solar
cell." Nanotechnology in Mesostructured Materials, Elsevier, 799-802 (2003).

S. Uchida, Y. sanehira, R. Chiba, M. Tomiha, N. Masaki and M. Shirai, "Hydrothermal synthesis of TiO2 nanotube / nanowire and their application for
dye-sensitized solar cell” Hydrothermal Reactions and Techniques, World Scientific, pp.513-516 (2003).
http://kuroppe.tagen.tohoku.ac.jp/~dsc/cell.html, Ref.) 3D29 XL 5 71 [FIR4s (2004) 1C27 EXALTFEE 72 [FIK4> (2005)
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Nanotubes with high surface area 180-400 m?/g

Table 2. Preparation Conditions and Surface Areas of TiO, Nanotube Products Reported in the Literature

TiO, source hydrothermal treatment condition rinsing solution | Sger (M?/g) | ref

nanoparticles from Ti-(Oi-C3H-)4 using sol-gel method; Sger = 150 | 2.5-20 N NaOH; 20-110 °C for20h | 0.1 N HCI ca. 400 [23]

m?/g

nanoparticles from precipitates by dropping NH4OH into TiOCly; 5 N NaOH; 100-200 °C for 12 h water 180-270 [24]

Sger = 160 m%/g

nanoparticles from Ti-(Oi-C3Hy)4 using sol-gel method; no Sger 5-15 N NaOH; 100-180 °C for 48 h | 0.1 N HCI 267-375 [25]

available

nanoparticles from precipitates by dropping (NH4),SO4 or HCl into | 10 N NaOH; 110 °C for 20 h 0.1 N HCI 107-451 [26]

TiCl,, with subsequent NH,OH neutralization; Sger = 5-290 m?/g

nanoparticles P25 of commercial Degussa AG, from hydrolysis of | 10 N NaOH; 110-150 °C for 24 h 0.1 N HCI 200-400 [27]

TiCl, in a Ho/O, flame; Sger = 50 m?/g

nanoparticles P-25; Sger = 50 m?/g 10 N NaOH; 110 °C for 20 h HCl and 270 [38]
distilled water

nanoparticles ST-01; Sger = 284 m%/g 10 N NaOH; 110-120 °C for 6-72 h | HCl and 283 [34-37]
distilled water

nanoparticles P-25; Sger = 50 m?/g 17 N KOH; 110 °C for 20 h HCl and 390 [Uchida]

distilled water

[23] T. Kasuga, M. Hiramatsu, A. Hoson, T. Sekino, K. Niihara, Formation of Titanium Oxide Nanotube, Langmuir, 14 (1998) 3160-3163.

[24] D.S. Seo, J. K. Lee, and H. J. Kim, Preparation of nanotube-shaped TiO, powder, Cryst. Growth, 229 (2001) 428-432.

[25]  Z.Y.Yuan, W. Zhou, and B. L. Su, Hierarchical interlinked structure of titanium oxide nanofibers, Chem. Commun., 11 (2002) 1202-1203.
[26] Q. Zhang, L. Gao, J. Sun, and S. Zheng, Preparation of long TiO, nanotubes from ultrafine rutile nanocrystals, Chem. Lett., 31 (2002) 226-227.
[27] C.-C. Tsai, and H. Teng, Regulation of the physical characteristics of titania nanotube aggregates synthesized from hydrothermal treatment, Chem. Mater., 16

(2004) 4352-4358.

[34] Y. Suzuki and S. Yoshikawa, Synthesis and thermal analyses of TiO,-derived nanotubes prepared by the hydrothermal method, J. Mater. Res., 19 (2004) 982-985.

[35] R. Yoshida, Y. Suzuki, and S. Yoshikawa, Effects of synthetic conditions and heat treatment on the structure of partially ion-exchanged titanate nanotubes, Mater.

Chem. Phys., 91 (2005) 409-416.

[36] R. Yoshida, Y. Suzuki, and S. Yoshikawa, Synthesis of TiO,(B) nanowires and TiO, anatase nanowires by hydrothermal and post-heat treatments, J. Solid State

Chem., 178 (2005) 2179-2185.

[37] R. Yoshida, MS thesis, Synthesis and applications of one-dimensional titania-related nanomaterials, Graduate School of Energy Science, Kyoto University, 2005
[38] S.Uchida, R. Chiba, M. Tomiha, N. Masaki, and M. Shirai, Application of titania nanotubes to a dye-sensitized solar cell, Electrochem., 70 (2002) 418-420.



Table 1 Examples of dye-sensitized solar cell fabricated by 1D nanostructured TiO,.

Samples Synthesis methods Jsc, Voc, FF, n, thickness Ref.

TiO, (P-25)-derived nanotubes | P-25 (50 m?/g) and NaOH (10 M) hydrothermal at | Jsc = 6.26 mA/cm?, Voc = 0.704 V, 2.9% [1]

(270 m¥/g) 110 °C for 20 h FF = 0.66, 1 = 2.9 % =770

TiO, (P-25)-derived nanowires | P-25 (50 m?/g) and KOH (17 M) hydrothermal at 110 | Jsc = 7.10 mA/cm?, Voc = 0.725 V, FF = 0.71, [2]

(390 m?/g) °C for 20 h n = 3.66 %, thickness=6.1um  3.66%

TiO, (ST-01)-derived nanotubes | ST-01 (284 m?/g) and NaOH (10 M) hydrothermal at | Jsc = 7.3 mA/cm?, Voc = 0.64 V, FF = 0.67, [34-35, 37]

(283 m?/g) 120 °C for 72 h n=3.1%, thickness=7.8um  3.1%

TiO, (ST-01)-derived nanowires | ST-01 (284 m?/g) and NaOH (10 M) hydrothermal at | Jsc = 2.0 mA/cm?, Voc = 0.59 V, FF = 0.43, [36-37]

(20 m?/g), TiO, (B) 150 °C for 72 h, 500 °C for 2 h n =057 %, thickness=12um  0.57%

TiO, (ST-01)-derived nanowires | ST-01 (284 m?/g) and NaOH (10 M) hydrothermal at | Jsc = 5.3 mA/cm?, Voc = 0.65 V, FF = 0.62, [36-37]

(10-20 m?/g), TiO; (anatase) 150 °C for 72 h, 700 °C for 2 h n = 2.1 %, thickness = 14 pm 2.1%

TiO, anatase nanofibers + TiO, | TiO, electrode electrospun directly onto the substrate | Jsc = 11.24 mA/cm?, Voc = 0.77 V, FF = 0.58, [41-43]

rutile nanoparticles (by addition | from a mixture of titanium propoxide and poly(vinyl | n =5.02 % 5.02%

TiCl, ag. solution) acetate) in dimethyl formamide (DMF).

TiO, nanorods 10 wt% + P-25 | Hydrolyzed TiCl, using an anodic alumina membrane | Jsc = 9.0 mA/cm?, Voc = 0.67 V, FF = 0.62, [40]

90 Wt% (AAM) as template. n=3.74%, thickness= 12 um  3.74%

TiO, (ST-01)-derived partially | ST-01 (284 m?/g) and NaOH (10 M) hydrothermal at | Jsc = 11.9 mA/cm?, Voc = 0.754 V, FF = 0.673, | [38]

nanowires (174 m?g), TiO; | 150 °C for 24 h, 300 °C for 4 h n = 6.01 %, thickness = 5.6 um 6.01%

(anatase  nanowires+  rutile

particles)

TiO, (ST-01)-derived nanowires | ST-01 (284 m?/g) and NaOH (10 M) hydrothermal at | Jsc = 12.8 mA/cm? Voc = 0.73 V, FF = 0.66 [36-37, 39]

(20 m?/g), TiO, (B) 10 wt% + | 150 °C for 72 h, 500 °C for 2 h n = 6.17 %, thickness = 15.6 um 617%

P-25 90 wt%
Nanorods/nanoparticles ~ TiO, | TiBu-ACA-amonia 28%, hydrothermal at 150 °C for | Jsc = 13.97 mA/cm?, Voc = 0.73 V, FF = 0.70, (chapter 6)
(203 m?/g), TiO, anatase 20 h n=7.12 %, thickness=83um 7.12%
Nanosheet-like TiO, (642 m?/g), | TiBu-ACA-amonia 28%, hydrothermal at 130 °C for | Jsc¢ = 16.35 mA/cm?, Voc = 0.703 V, FF = | (chapter 7)

TiO, anatase

12 h

0.627, 1 = 7.08 %, thickness = 8.4 um 7 .08 %
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