dninneayanas wizaauindaansly

@ P
nsdaasziduloululnmiisulasanleanIesaelulasiau
ac y P
aresnsluduledlglwiineyssgndldaumieuas

SYNTHESIS OF N-DOPED TIO, NANOFIBER BY ELECTROSPINNING PROCESS
FOR OPTICAL APPLICATIONS

BT

T132353

flung gwsinng
SINEENART SUPHANKIJ

e Y P TR

| —— ?3 5.,1

lﬂ‘ilnusUdN.. ............557 W r— s

17ﬂﬂ?

AULADU, V. rereeerecssasasnssses

Ewmﬁwuéﬁtﬂudwnﬁq'umm'sﬁnu’mwvné’nqnsu‘%tyapanmﬂ'zanwmﬁmﬁa
v luineuazunlumalulad
grasunlumalulagnszasundraiansels
dniumaluladwszesundnirauvmsaianseds
N.A.2557
KMITL-2014-NT-M-001-001



SYNTHESIS OF N-DOPED TIO, NANOFIBER BY ELECTROSPINNING PROCESS
FOR OPTICAL APPLICATIONS

SINEENART SUPHANKLW

A THESIS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENT FOR THE DEGREE OF
MASTER OF SCIENCE IN NANOSCIENCE AND NANOTECHNOLOGY
COLLEGE OF NANOTECHNOLOGY
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG
2014
KMITL-2014-NT-M-001-001



COPYRIGHT 2014
COLLEGE OF NANOTECHNOLOGY
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG

dy 3 dl Y o U ¥ dl = } 5 1 Y o ¥ 6 v ¥
wnanstluenansnanulidmsunisidnuienisnwintu ldeyaslmiluldusslowisunisen

Lidnsallagnsau dnvivhudilvidaudasion uavdesesdediadivadenarsynasaninisiluly



Werdpulumalulagnszaauinaiaianssls
antumaluladnszaouinadIAmMNITAIANZU

Tususesinentinus

dadainendnud  nsduensiduleululnndelaeenlenfiieselulnsau fesnstudulede
Inlihuiteuszgndldanumauas

Thesis Title Synthesis of N-doped TiO, Nanofibers by Electrospinning Process for Optical
Applications

infinwn wandtdung anssuna

EGAEFORL) 54670253

Yseuaun MYIAANTUN UG

#191390 wluineuaziuimalulad

o1stitUinundneniinug /S ns e Therean

¢ a a g4
21199NUSNWINTNUSTN -

¢l a a gl
219159NUINW I TNUTIIN

nuneavINe1DNLS KIATE220 14-NT-N-0034001
AMNITUNITAIUINYTNWLS a16ileva

A3.35m1l IS0 S PpnA (1078 Gt

371.03. 398y WYIAN <A

A3 NFE1NTO]
HALAT.ATHIY

ATAA %.., h/
Madsd ol

Fu/\Weow/ U faou Yuansil 2ENWWIg. 1A, 2557 1aan 09.301, LdNsuly

douidey o 9 1AITunlunaAligBasuss 2udl § Moatssguuale

— e P
e EEIESSE

InedsuIluwAlulaE NI LBUNA1AIANTEUISUTDINAT

A N—

(ANEMS19158 AT.9R VUWND)

Y

=)
AUURN

Ui 2h L feuL e W.A. 2557




AgaInentinug msdaamziduloululnnilenlasanlani
Wamelulasiaumesmstudulamelndin
P Y]
aUszenaldumnaLea

undinen wKam dlung awssfia

shaUsEdnn 54670253

YTy IngmansumUndio

#1913 wluinguazulumalulad

W.F. 2557

¢l @ a d a

2SS Inenlinug 5A.95. 390} YT

unAnEa

NAeiTUssasditedaaseiidlouluvadimuifiedlasenled (TI0,) Mhmade
esmlulasieu (V) sedsarstuduledelni Weussgndldnumisuas ddunssuaunis
duasendulouluy lagldlnndeulolalnswenled (TiP) -  wagneuluisussdinn
(CH,COONH,) flughsmadudvsu smbmmieslaganlen wazlulasiou sugiv Tnaldwed
we$ Waldalwlsalou (PVP) fwdesdesnatday 8%, 10% uas 12% Tnsiwin Wuwsiwuy
dmunstuguidils darsavaensiuivSeuldnndeienssuauntstudulensini Tae
Wentunisdaduled 05 muhr ssesvinsssnitadafiafugusedul 15 “cm uaza s
Andlutiniidsgedt 8, 10 uas 12 kv niusnnswasuulasUiinamaiesglulaseu 7 0%,
1%, 3% was 5% wagvhnswnduloululnndealaeenlenneldgamagiiludis 500-900 °C
e 2 Sluduissemaind wasinsdnvauifmdasaiwandulsunlulbmiela
sonled Munissiamadsuuesfiddng (xRD) autimetussaiifendasmnuanla
saled authmeiluiafendesqanssmididna sauuttdonsn (SEM) wudmswasuudas
Ulunamediues waznisiasuitasmusmsfindlifiiadags Mmnzavagdenadiovunn
dnuarreaduls uagtSinasiuiiinmerosnduleudlulnmisulasenles Aunedmdu
nsiluysegnRldan aanfushnisfnwarifmeiuiaveslasiadiiengoeqanssed
Sifnmsunuvdewiy (TEM) . iasiesrusznevustsig lasdinlasalnlvessynin
Silinnsauignianuasesediind (xps).. uasAnwianifnisaziouveuaiioinios
ganslalewan Tadelensanlasinlafiines (UV-Vis-NIR Spectrophotometer) vaaidule
ululmnileulasenlesd nisduasmesiduloululmmidsulaesnles aelfdeulanis
WasuwasBinaumsidesmlulasieu wuidiviinanadesiglulasiou 0%, 1%, 3% uas
5% uansruaundsTuiaain Al 3.53 eV, 3.48 eV, 3.4 eV uag 3.5 eV mudRU waznns
Wasuwasgamaiinswilugag 500-900 °C wuiiideulvgaumaiiniswail 500 °C, 600 °C,
700 °C, 800 °C wag 900 °C ivuraveadulowlulnmieulaeenlefiauin 184 wiluiuns
136 uluamns 112 inluams 62 wluuesuas 134 wiluwes snudniu Tunsyssenildau
mauas wuhmadileululmndesileesnles Aviinumadesiglulasiau 3% aneld
gampfinmaundl 600 °C anunsaiudasaizenlumsgesameddon RhB IdaTign waglunis
Ussgndlfaubutandalwitvivureusaduasefindvinddonluadasegluguaguaniu



sunmawlulvmulleslasenled P-25 wuitlseaviameesgunsaliintullednmsnauduleu

da v a A | ¥ X4 a o o 5

TulnnidlsulesanteaiidenislulaseuluuSuaimuizauieililneinnisnsziwaaiiudu
1 1 =3 ] 5 Adg
wazdriudidnasaunut i ARy

Ardfiey : Inmtiealaeanlen nsifesigiulasiou mstuiuledelnin masaugizendae
uas Wwaduaaindvlinddanluas



Thesis Title Synthesis of N-doped TiO, nanofibers by
electrospinning process for optical applications

Student Miss. Sineenart Suphankij

Student ID 54670253

Degree Master of Science

Program Nanoscience and Nanotechnology

Year 2014

Thesis Advisor Assoc. Prof. Dr. Wisanu Pecharapa
ABSTRACT

This thesis work focuses on_the~synthesis-of.the N-doped TiO, nanofibers via
electrospinning process for optical applications. The starting-precursors were prepared
from titanium (IV) isopropoxide (TiP). dissolved in -ethanol and.ammonium acetate
(CHSCOONH,) at 0%, 1%, 3% and 5% weight as a nitrogen-source. Poly {(vinyl pyrrotidone)
(PVP) dissolved in’ethanol at 8%, 10% and 12% weight-was used as a fiber template.
The nanofibers were obtained using electrospinning process at applied high voltage of 8,
10 and 12 kV with feeding rate-of 0.5-mUhr and distance between a needle tip and
collector of 15 cm. As-spun products were calcined at various temperatures at 500-900
°C for 2 h. Relevant properties were investigated by X-ray diffraction (XRD) and Raman
Spectroscopy. The- structural and surface morphology were characterized by scanning
electron microscope (SEM). The results show that the polymer concentration and high
voltage highly affect to _the dimension, continuity and surface morphology of TiO,
nanofibers.  Transmission electron microscope (TEM). was chosen to characterize the
structural and morphology meanwhile electron binding energies of the nanofibers were
investigated by X-ray. photoelectron spectroscopy (XPS). Diffuse Reflectance of N-doped
TiO, nanofibers were ‘characterized by Ultraviolet-Visible*NIR _Spectrophotometer. N-
doped TiO, nanofibers with N doping“contént) of 0%, 1%;"3% and 5% have the band
gap energy of 3.53 eV, 3.48 eV, 3.4-eV 1Lae 3.5 €V, respectively. The diameters of TiO,
nanofibers calcined at 500, 600, 700, 800 and 900 °C are 184 nm, 136 nm, 112 nm, 62
nm and 134 nm, respectively. in optical applications, N-doped TiO, nanofibers were
applied as photocatalysts and their activities were evaluated. The results indicated that
the 3% N-doped TiO, nanofiber calcined at 600 °C is the optimized condition that can
provide the highest degradation activity toward RhB dye solution. The fibers were also
utilized as modified working electrode of dye- sensitized solar cells in form of composite
with commercial P-25 TiO, nanoparticles. The performance of the device has been
significantly enhanced by the incorporation of certain loading amount of the doped
fibers into P-25 TiO, matrix due to the enhancement in light scattering and the ease of
electron transport through the electrode.
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1. danvilaletan 1o (Ultraviolet A) Amuegnindueglugag 320-400 uiluins
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[ 2/ & Ada ° v & ar t aaa pr '3 & w e
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ziluaunatuEnergy Gap) Musznavludauaurnaud(Valence band) wazuau
o 9 o Y] [7]
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o e ° o g a
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o ¢ ) < ° eXogva 1
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o Do

D
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UffiTen3antuReduction)  uaswauInauddiilearsiinufitenesndindu
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VguvaY U vsavad gy

2. maLswATeIMIsUEY LuLEnIuLsae (Heterogeneous T Photocatalysis)  1Uu
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< (Y] = o
YOI AV VoUUA? LUUAU
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h'+ OH ——— O (2.3)

h' +H,0 ———— OH°+H' (2.9)
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ﬂl d
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02°-+ H,O ———» H,O, (2.6)
H,0p ——» 20H° (2.7

sy Ufisemdnluntsisajifeadenadunistesaaisansbunid Ae wylensendaisinea

Q) o %) A
fuansdunsd aeaun1sin 2.8 uas 2.9
= =3 =‘ =
OHO, + @158UYIS8 ~ ——» asBunidneandlad (2.8)
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0
2.5 \waauasaiindyiiaddeuliugs (Dye Sensitized Solar Cells; DSSCs) [9-10]

a =Y 2/ U < w <
waduasemndulnddonlines 1 Jugunaaidmiuansivasundauuaseding 1ulni
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Flulihnassuil- flesflamginaniin (Platinim: | 1P Wusdipdoveguu
Afvamitiiad

DIy (Warking Electrode)
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1 1 o/ 5 g I‘; 5 ;:ﬂ d-: da o o
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kol 2.8 ° ¥ J el a o L4
- ddouliuas (Dye Sensitizer) YimiMgandunasuuaseriing wazvinl

a v Y o a o ¢ v O
dlanaseugnnIzAu uidwudidnaseuluneynialanvesnled Aniud



14

v - wa o o P a vl
Ela:ﬂ']uEN miuauUﬂwﬂ’lﬂm‘] 20 ElﬂLn'la,‘UUN’J'!Jasii]‘lgﬂ'lﬂIawsE]'c]ﬂ'l'dﬁﬂﬂﬂ
= o - v a1 W £ - P~
ual\.’ﬂmiuﬂ'ﬁﬂﬂnauanﬂjqq uﬂ"auﬂixaﬂﬁﬂ"iﬂﬂﬂauanQQ LasdAITU
waties

[ aaa 3 o v oo
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W (Ground State, Sp) anwﬁu‘lﬂagﬁamwnszﬁu (Excited State, S)
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J .’: ¥ 1 1
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< a o v . * e Y
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&’ =] U | 1]
anmeiu (Ground State, So) TuvagiAgniuansawiulsey (Electrolyte)

szfudinaseuusndalwiinszdu (Counter Electrode)

2.6 nszurunsiuduledaelvia (Electrospinning process) [12]

nsurunstiuiduledaeluda Aentsldusaesauuluin luniswdmdulounly
(Nanofiber) amnansazaneneues Sswumduiugudnarseuduleils ssfivuadudssd
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