View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by Xiamen University Institutional Repository

FReYmhG: 10384 HRS R
%5, 200225046 uDC

B 11 X %
£ ¥ AW X

MK TiO, BIFRME
B RENEATERR

Surface M odification of Nano-scale Titanium Dioxide and

the Efftect of Photocatalytical Sterilization

SR LT A
BIHOPHL: A Ht
BARAR #a%
b & M F A F
WX R-ZAH: 2005 F6 A
W AFE A 2005 % 6 A

F453%F B H:
BERBERAETRE:
PF 5] A:

2005 £ H


https://core.ac.uk/display/41410394?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

B ITR 2L 0 S R 8 1 B

2RI AR, AR NAE IR T N AL 58 AR
FURA o ANAEWR TG AR 225 1 A AS N BRI 0F 5T
B, B3 DU 7 AR B o AR N AKVE A R I i
3L R BRI A DA o

FHIAN (B4):



5 ®
BSTHGEE  cooovveeerserrssenssossses s I
ADSITACE  cveveereereeresremmesmenieiei ittt 1M
F—E it
S1.1 ZRKATBUBEIR  -overeereererrereesem e 1
§1.2 TEALERIZIJE  oeveerreerereerer e 5
§1.3 KGR ERIFEJE  oreeeeeerereerereereesitssine st 6
S13.1 GUK T BULEKIEIR  ceoeerereeseeesemsimeeis i 6
$132  GUK T BUALEKIIRLH]  oeeeremseesemesemiemseessemeeseeiseces 7
§1.4 A ST THERIRFES EBORIIEEE «vvrvvremererersees e, 10
o T OSSO 12
FIE ARTEUKRBS KSR
§2.1 SCRRMEIMMI  -veoveresoereremsessmsmsessmsse sttt 14
§2.2 MK G BIEIERNTAE  -veevereeeeemreeeereeemsessmessmeieeesnae, 24
§2.2.1 SERRAFILEL  ververremreerremremeemsemsemeeees s 24
2220 FAETFEE e, 25
§2.2.3 UK TLUALEKIHI S  worerreeeeeeremeeee s 25
224 K TiO, FTAE  weveeveeeeseessemsemenss s 27
BHSLHR veeeeeeeeeeeeeeeeee s 29



JE IR 2 PR i A 183

E=F PARTF LKA R MSE

§3.1 BFBRALERE  oeeveeeeereeereeie e 32

§3.2 UK TiO, EHBHE HIRETE  coveevererrmrermmressmessmesnneisnnns 34

§3.3 UK TIOL BAME B ELEAE  creevereeeerermesesesenns 34

§3.3.0 SZIRRAU LG LIL e 35

§332 FAETFBE e 35

§3.33 SZIRABEIE e 36

§3.3.4 DCELIK TiOy BPAAMIT  wvereeeeereressiemmieisnsincieicaan, 36

§3.4 MMERMAK TIO MR XX KT BRI LELREER 44

3410 JCHALKEEIT e, 44

§3.42 SLIRAGSTIGALIL e 46

§3.43 SR A LTHE s 47

§3.5 LE e 50

B LR e 51
FME AR ZFWKRYFRBE

SAL DK TIOLTEAKBMEIET e, 53

SA2 UK TIO, FEAKBUERBETAE = reveerreeeerrereesmneeeneeienne, 53

§42.1 SZIRAIG LI e, 53

§422 FAETFEE e 54



§4.2.3 SZIGADIRFNSZIG TR T ceeerrmmmmsneeeniiii s 55
§4.2.4 SEIGZRAE e 60

84.3 ¥MEA. B, C. D BRZ¥K TiO, W KGRV REER

......................................... 66
§4.3.1 SZIGARFIGSLIR(NIE e, 66

§4.32 SEILERIGLERIHE e 67

§4.4 G5 et i 69
BHLHER ceeeeeeeressese s R NV 70



JE IR 2 PR i A 183

CONTENTS
*ﬁ g (Abgract |n Chlne%) ............................................... I

A bar act ............................................... III

CHARPTER 1 Introduction

81.1 Brief Overview of Nanostructured Material — «oeeeeeeeerreeesseeeneeeeceees 1
§12 Brlef OverVieN Of Tltanlum Dioxide ............................... 5
81.3 Property and Application of Nano-scale Titanium Dioxide ===+ 6

§1.3.1 Property of nano-scale titanium dioxide — =reeesreressrreeseneeneneeeees 7

§1.3.2 Application of nano-scale titanium dioxide =+««==ssreeserresereeeeeeees 7
81.4 Purpose and Significance of the Thesis =~ «eereeeeerrremmeeeeeeeeeeeenn. 10
REfEreNCEe = sreerereereeriereeriitai ittt ettt 12

CHAPTER 2 Synthesis and Characterization of Nano-scale
Titanium Dioxide

§21Review e 14

§2.2 Preparation and Characterization of Nano-scale Titanium Dioxide

........................... 24
§221 Reagent and instmment ............................ 24
§2.2.2 Characterization methods ~  ceeeeereeeeeeeneenieeneenes 25
§2.2.3 Preparation of nano-scale titanium dioxide  =wseeseeeereeeeeees 25



Contents

§2.2.4 Characterization of nano-scale titanium dioxide = «===+==+==* 27
Refer EINCE  cereeeseecccttitiiiiiiiiittiitiiiiiiiitttttttttttiitttttttttttttiens 29
CHAPTER 3 Hydrophobic Maodification of Nano-scale

Titanium Dioxide

§31 M eChanism Of Agglomeration ............................................ 32
83.2 Purpose and M echanism of Hydrophobic Modification -«-=«=++++++ 34
83.3 Characterization of Modified Nano-scale Titanium Dioxide -+ 34
§3.3.1 Reagent and instrument s, 35
§3.3.2 Characterization methods ~ creeeereeeseeeseeeneeeneenns 35
§3.3.3 Experiment e 36
§3.3.4 Characterization of modified nano-scale titanium dioxide ***** 36

83.4 Application and Photocatalytical Serilization of M odified Nano-scale

Titanium Dioxide = =000 eeeeereereeniciiiiiiiiinen, 44
§3.4.1 Mechanism of photocatalytical sterilizatization — «==ssesseeseeeeeee 44
§342 Reagent and instmment ............................. 46
§3.4.3 Experiment, results and discussion =~ crreeereeeseesseesseeeeees 47
83.5 CONCIUSION  sreererresresrsresttiiiiiiiitiiiiti ittt 50
REFErENCE W sreerersereersereetetatatatiteiteitatatattoteateitataneancanees 51



JE IR 2 PR i A 183

CHAPTER 4 Hydrophilic Modification of Nano-scale Titanium

Dioxide
84.1 Mechanism of Hydrophilic Modification ~ ----sreeeeeeeessemreeeeeeeeees 53
84.2 Characterization of modified Nano-scale Titanium Dioxide -« 53
§4.2.1 Reagent and instrument e 53
§4.2.2 Characterization Methods ~ seeeeeessersessesininiinns 54
§4.2.3 Experiment and mechanism ~— seeeeeesesesiis 55
§4.2.4 Characterization =~ e 60

84.3 The Effect of Photocatalytical Sterilization of Nano-scaleTitanium

Dioxide and Modified Nano-scaleTitanium Dioxide ==+« 66

§4.3.1 Reagent and instrument e 66
§4.3.2 Experiment and mechanism ~ seeeeeeeeseeeseseenseen, 67

844 CONCIUSION  cereeeeseesesesssssssiiiiii e 69
REFEIENCE  treeeeeessssssnnnriiiiiiiteeeaee e e s e e e e e e 70
ACKNOWIEAQEMENT  +ereereressssermss ettt 71



S

m E

JCHEAAE T S RO, LA SR AR B i 55 2 RE A8 FEAE VA b B WA i
R BRI LT BROKAREEL SR SR MRS R
RS RN, gk Tio, HAT ik rt, i3 Tio AZEAR Rt
JRH TR AERRE S R B TR, EE R AR AR B R R RE I A
o B, TR AT RIS AL BE, CAELE AR E A BB AL A ok
3 RAFI o et

ARV SCI A2 B 20 19 (K I5OBHG B K TiO,, JEXTEK TiO, it

AToE AN SE K %, A SEM. TEM. XRD. EDS %25 FBE0 HH pli. 45
R RS RESR T RAL, X SEfe N BT 0 b E . BRI

A

(1

(2)

(3)

H TiCly K5 A R AK TiO,, H XRD. TEM SfHL4l . gitgit
ITRAE, Frifl & 4K TiO, N BT Y, Riff K/hk 13.6 nm.
A NRECT O SR 4K Tio, AT ek, A Tio, %1k
AR SRR K, IR SR ANK TiO, A LRI M K 3%,
H TEM, IR, Zeta () FEALSEZMTFBOM ot RORBEATRAE, 45
PR, PE RS 100 °C, FAESUER R 1.5 h,
NIRRT R A Sk SR S s S vt St 1 D IS TR AN
K TiO, 4f PE BEHEATAREE, FHR AR HL S 1) PE B K BAAT B 1 4%
WAL, SEREW], KPLE K PE B KA BRI KA 1R
B RICR

FARERRAN . ESTR BN 40K Tio, AT K, H TEM, IR,
Zeta (€ ) HIAZEE 2 M T BOM e BORMEAT AL, HEESR K/ 5
K TiO, AR IS A K BEPER], 2R W], Stk 5 gl

o1-



ST IR B 10 5

K TiO, AEAKH I e SR R, AR BER I RAR PR OO . LR
PAPE R AR TiO, Bk 2258 4 R RN bl oas
R A 2 SR AR LR S A 4K THO iRy 4K THO, Kk 24
MBSV IS AR TiO, By, 22 IEREMR SR AL P S 48K TiO, #y
(L

REE]: K TiOy: Btbk: S KT

-11-



Abstract

Abstract

The synthesis and application of nano-scale TiO, attract the interest of
researcher in material field. And the nano- scale TiO, can be used widely in
many fields such as photocatalyst, sterilization, environment et al. Because
ultrafine TiO, is strong polarity material, the nano-scale TiO, cann’t be
dispersed in non-polarity solvent well and tend to agglomerate in the polarity
solvent. In order to improve the dispersity in the polarity or non-polarity
solvent, surface treatment of ultrafine tiania is necessarily so that it can widen
its application fields of titania.

On the basis of published results, the nano-scale TiO, is synthesized. The
cause of dispersion, agglomeration of ultrafine titania is discussed, and, the
mechanism, methods, and conditions of treatment are also described. The
modified nano-scale TiO, is characterized by scanning electron
micrographs(SEM), transmission electron  micrographs(TEM), X-ray
Diffractometry(XRD) etc. And the application of the modified nano-scale TiO,
is discussed. The main results and progress of this work are outlined as

following:

(1) Nano-scale TiO, is synthesized by tetrachloride titanium hydrolyzed
method and characterized by XRD and TEM. The results show that the
nano-scale TiO, is anatase and the diameter is about 13.6 nm.

(2) The organic modification of nano-scale TiO, and the effect factors are
studied by using dodecanoic acid or hexadecanoic acid as modifier. The
structure and morphology are characterized by TEM, Infrared Spectra (IR),

Zeta potential () etc and the optimal modification time and the optimal

-11I-
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temperature are determined. The results show that the optimal modification
time is 1.5 h and the optimal temperature is 100 C. The surfaces of TiO,
particles are modified to be hydrophobic. The modification effect of
hexadecanoic acid, however, is better than that of dodecanoic acid. And the
PE film is treated by modified nano-scale TiO,. The results show that
E.coli cells can be killed effectively by the modified PE films under UV
irradiation.

(3) The hydrophilic modification of nano-scale TiO, is studied by using
sodium silicate, sodium aluminate etc. The hydrophilic modified
nano-scale TiO; is characterized by TEM, IR, EDS et al. The results show
that the hydrophilic modified nano-scale TiO, can be dispersed in polarity
solvent well and can kill the E.coli cells effectively. And the different
effectivities of killing the E.coli cells are observed.

Key words: nano-scale TiO, ; modification; photocatalytical sterilization
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