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< SUMMARY >

1. Purpose

The object of the research is developing the functional construction coating
materials which have the ability of photo—deposition on urban air pollutants (NOy,
SO, VOCs, etc.) and can be applied for the exterior walls of housing and
buildings, tunnel, and construction infrastructures.

2. Contents

O Research on the synthesis process of high photoreactive hybrid materials
which have excellent photo—decomposition ability on pollutants

—Investigation on the sol—gel synthesis of high photoreactive metallic oxides such
as TiO2, Sn0O., Zn0O, WOj3;, graphene, etc. which are applicable for
cement/concrete coatings

—Development of photoreactive materials under the visible—light by doping
non—-metallic elements(N, C, etc.) and transition metals(Cr, Fe, Co, Ni, etc.)

Purpose & O Research on the optimum combination method of cement mortar and
Contents photocatalytic materials to maximize the surface photo-reactivity
—Investigation on the photo—decomposition properties with various different
conditions such as compositional ratio and mixing methods of cement,
photocatalytic materials, sand, and binder
O Research on the synthesis of high photo-reactive coating materials for cement
mortar/concrete and its coating technology
—Investigation on the sol-solution process of hybrid photocatalysts which is
appropriate for cement mortar/concrete coatings
—Investigation on the synthesis of binders which have strong binding force and
chemical stability with photocatalysts
O Fabrication of photoreactive cement mortar/concrete samples (experimental
purpose) and analysis for their performances on air pollutant decomposition
—Preparation of highly photoreactive cement mortar/concrete slit samples (block)
—Investigation on the air pollutant decomposition performance, lifetime, and
reliability for the fabricated samples
» Theoretical ldea Development
—Photocatalytic  coating materials for concrete application with  high
photo—decomposition and anti—fouling effects
Results —Coating technology of photocatalytic nano—fiims on the surface of building
concrete
= Sample Fabrication:
Photocatalytic concrete slit (block, 200mmXx100mm>10mm)
= The prospecting results from this research can contribute to develop and
commercialize the high—-valued products such as brand new photocatalytic
cements/concretes through cooperation with the cement/concrete manufacturing
companies.
Expected = With the increase of public interests towards eco-friendly building/construction

Contribution

materials, it is expected that the demand of photocatalyst—applied
buildings/construction facilities increases in the future. This research can
contribute to the creation of new industry jobs in the manufacturing fields of
high—-valued building/construction materials like as photocatalytic concretes used
for reducing urban air pollutants.

Keywords

Phoactive Cement Pollutants Photoactive Photoactive Funchongl
. . . Construction
Mortar Decomposition Materials Concrete Coating Materials




6.

A2 23}

1. Introduction for the present research & development project ««eeeeeeeesreeeeneee 1
2. Recent research trends for technologies in the world ... 7
3. Research contents and results ...................................................................................... 9
4. Research achievements and contribution to related fields «eeeeeeremerereeeeeee 65
5. Utilization plans of the research & development results s, 67
6. World science and technology informations collected through the

present research activities ......................................................................... 68
7. Security class Of the research achievements ....................................................... 70
8. Status for the research facilities and instruments registered in NDSL - 70
9. Safety actions relating to research activities ....................................................... ’71
lo Representative research achievements .................................................................. ’73
11 Others ................................................................................................................................. ’74
12 References ........................................................................................................................ 75



)

AL

O LINEFTIR| Q] THQ wvrvvererrerssesmssmsssmssssssisssss s

1.

o0
7l

2. L2l 7= JHE

65
7

68
70

od T pE ol A

6.

70
7
73
74
.75

ujo

of wg A4

S
=

A
T

4 717} L pH|

9.
10.

11.

AL nbM o Cf

7|Et At

100

04

il

_ln_
il



_10_



A 1A dFAEgAe e

Jo Ko B -
~ nf Iy v 5 = r
R wo = W oI_. =
3 e KU __Ao_ ol 0 m_.u " o7
R W Oﬁ = 0l ATEI_ w% mlar |2
o o _ A 5 m o= Hr |3
0w m_.u Y O = w.m Ol o0 1 ,
~ 7 0l 3 wo . = =52 m |3 |
= <F Kk N Moe W = O =) w0 S |E © |
=w R g 3 U oo 0 |G i 25 4,

E K3 ul = it _ i - h 0 &S — a”-m 1 A
= b= = nt = O 2 @ |< 3| §8 &)
B _ = Uw w _ U ol S | Ok B g =
w2 L _WATAII__ =z 5 W15 = w | 73 B
5= | hE o W & T x| = 5 I
= _ = = s X0 9 3 > il =S 2 Rl

o0 ws A N = U o |S 3 W:Iﬂ/o@wm | S : W
=2 B oM s g = S mgem |2 s @
T 8= L g| R = =0 e RSN o | W i |
@) = 100 Rl < It e oF = = W ol o,.ro(\_ - o = | @
> = L _ -~ _ = _A_N_ — L_|O A ol m ] ~
R = K = = oy U ok P = |oJ = | =
< w0 © ~ = S 4 . m o = 10 H o 0 g
g m W s = W o= 3 R0 1O = o .| ol |0 1 3 ol

m | 5 ER = ol = |5 0] o Ul
- W ol Ry < o= = A (H o o 5
S5 uR 5 o W __mm_u c J =l =0 O m | T |
NN\ m = i _._._|_ = = oI = 20 0| %0 S N = m_lg — - m
Ry w = n m = gy KU O o5l o = 20 G| 3| K :
o= ™ T o g W R °rRlSIS e & | W
g | B R 0. o=| Bw B[S E: ¢
QEmﬁeO a/_____ﬁma#wzg 5 M| & | %sz =

v o M S o m W W~ = or 2 S| Hr
— o 9 5 g O g oA = D o <) | 0| 0 o 20
S 2 A LR [ = 2w | B 2

U o = o = oo B UE < S2® = | TREIEIE 2 o
w2 o | o m 5w = o mERSE = | & 2 £ = o
Z = o O | = Jooam o oW WS ol | = m | KO & 1|
P wo 0| =0y uloar = K3 =l A ol | 5| 2 ; ] =

womow| X i Hm o= w s m 5 =
- X0 m ITe) i0J IH B 8 = \
u ™ G+ o= Wg| — | = 2 T
_uu_ - = u ™ < Te) = M,
“__ﬁ o ©
K0
" 4
o
1}
=




[

=
= T

=

[§

gz or=E0l <
9

| (u]
—

A
A
A

P

s
P

ni

.I

)=
=84

I, H=AIGIA Sl XES XL
A1 &1

=Q 74

2
Ol== NZAIII] <

A

AN el MR

oL ItAs2 240t

2-1.

=
—

tO4 Chrefet atZ Al

¢}

A

==

Ul
R
I

1o

Ok

J
e}

HC(=2

=2

eI =228 E=2,
CHol

e SlE2Z=2AM

N, HIIS
olefins)Lt X+l (

t

2
[l

10
X0
pom

<
L

ol
<

—_

ioJ

H Os, HCHO, PAN &2 B0l

0

= JtAaza) o 2

cC
ot

1

olgl, «

AN RUCH

oll

Ol
e
J
m
20

-

ol
i

™
<]
ior
0y
0

)

<)

ol
lo

-

al
RO

I
m

HLEEZ A

A O
— M

=

2

A

b

2
=]

IS

12, WIE=sEsS

S

LC.

AN

o

tot 10

IS
[wsid

t=2 A

]

/m*® 0l

= Lt

<l

Mictel

0
H

oJ

o
nl

E]

b

P

(TiO2)

Jio

tEIE

110y
</

O 0l

ol
o

o 2

I8

70

| 2oiAIII=

o

ol

(@)
0l
)
ol
ol
0

110

e

Olcd

XL = CE
H0IK

ur

o
F=HE AU SIIEFHAIAE, oA, At

MelAlAE,

PN
=

Kl
0l

I[s}

Ok
ok

Kl
o
30

Y

o)
Ki0

=
=

| s, siEEm)
L sgEsaR

HEHEO PR U

12050,
>

i
EEUAFIE § RISH B
g

TiOz/f_

% PE-5: 3
EEY ]
Photocatalyst

-

g5
ot EIEtEAH =04

2

& k)

<Ol &t

[O2 1-1] 2=0 M29 O+

=
i

(S
A
=

2.4
T2 IstEE Bl AH

MF s
olg=eIEl

Hilra s
oy 2

D ey 88

e S0tE ¢
@

(@ Orgonic tazin

(%) Neutrokzedidenreyed o

[9)

Photocatalysis process
&P

e

XA

&

@ 4
@@

ri:;\-)

-

L]

[=x—4
S>=
U
s

o

F, Mz

ot
=

Rl
i1

JI20ILt 2¢

OF

I

KM
o

fal
I

Kr
0

£ O

O =01

L

i

Ct.

g WALH =

A
=

oft

ez =0l 2

<+
KK

H

<

NE

FAI <2 ch

2o

HUIHA S 2150l

E=0 IS A

off

2

£ Y920ILt AE =0

N O
o =

uir

70
%0



_
v o
==
2 -
o
22
.MG
(=]
[- )

Normal Tile

He vy Amse 2>

=
=

<Ol &tBHEIEH &

<Ti0, A&ul Fg Z1E-Jubilee Church, Rome>
O 1-2] &

<TI0, #&0of I X|S>

oH
i
Ry
00
ol

30

3
i

Of M=ol &=

=
-/

Gl

Rr
dr

L
Rl
O

1o

Ok

B)
KE

1o
oJ

0l
0l
ol
s
IH
0
0
o1

0
00

OF

Al

ol
i

2

F

nl

I, NS A2

CH212]

3 dH=z =8 XS Ul

P
=

4z

0l

A0 Al

bH

=0 0O
e 2F

OF

by

3
il

00
&M
i
=
r
0

SAE2

Ol A=E

= Ol

ot UJI

X

Kl
Al

Ly

<

-

ol

_

w

Ik

K
oh
ol
1y
Kir

~J

.I

P

BH D19 AL

etc

SOy, VOCs, ROSs,

d’ PREVALING Winp.

(NOX1

JILE=EES

PREVMUING i

POLLUTION DISTRIBUTION

UNDER THE EFFECT OF WIND

OF WIND AND TRAFFIC

O AIHE/ZACIES TAl, &2 U2

=
-/

[Og 1-3] &

I1e)
0
0D

i

ol

o

ol

-

10
il

<+
il

o}
RO

cat,

B

tOI

[¢]
=
—

(@]

P

9

HMZA21D

ZA=THOl

tO{ AIRIE

1o

22X
==

H

S0| Jtset =0

Z=oll MHE

Xl
=

T F=

ol 01l Al



2-2 AT Sed

ol
)
KF

OHy
Y|
oF
R0

oll

i

0

i
M
ol

I

it

00
JU
)
Kir
ol

Nz

ok

HAIs

o
30

Zcl &l

Ho&

0

20l =0l <
Al

1]

e

2

e

=
S

5]
=2,

b1 Ol 2E0ILt H

9]

o A=

[ ]
[

0] UIJ| [H

—

o

NE DI

=
[—

J)

3
ioll
O
5
Bl
RO
o

XHOICt.

2HIE0l 3

O—IA

x

—

—

R

=
<l
0l
il

-

10

Kk
Ju

e}

O EIEFLIOtSY

P

(Sol—gel)
|

fIMEE MH201K

B & (sputtering)
oH Xl 2]

RO

0l
i

=c

S 2H MaHAUL

22

Ll

204 O
= o —

0
0o
Rr
ol
6]
oy

oF
JI

o
ju—

L LEA

o
0l
oJ

ol

i

3

olA

Z(sol)0l &Lt

uln

ol

0l

=

00

Dl

b

o0

Z0Het

=

El
=

=

SOZ A AXO OIE Xt

oEfE B-ES0l X

&l EFoH
2 Z=(network structure)
2xelotd |l e HeteA(ER2

J)

1]

S2Z20/ELt 2D

O &2 UAl

=
=

4

IH

Ul
IH

=

~

W
<

=0l et 2

X0
0

o
Ulo

JJ
I7e)
X0
o

i

ol
<
4

ro

e
oll

IH

Ctolot &

[O& 1-5]



or I3
&_A:__mmm_ ao
R w0 TS
s D o W AR S
|_|C||_| /lyLl_x_._ll.IO,Ln.W
- T OﬁmE+__OM|___
oy 0 Qz__o,am_ﬂm% N o= =
PR mwma_;arm mwmg_rmz
wmﬂmﬁ Qu%wo_umg wmﬁﬁaww_o_ =0 5 =
m_.w% g_a_ag:_omam wg;agm& E_m_ﬁ_xn_%MM|
o m%mmwmaw+ m:wa_lmw% aﬁluﬁ@m_wwmec
MMIO__ TS oo R ) w:bmolo w m < o M < E_NA ol Dgu W=
|§J§L+ ! W= W xaﬁmtmo|ﬂ amar___e 4 a0 o m=Eas =<
Jmoglczou m_a_mo%# = ﬁATMA. _Iﬁa_smHo%a __oﬂamA1|
ol o H@@S__o_mamg __wmo____ag EEESMMoMmm_An.m94 Oﬁa_ﬂ_%rjoH,go
p___m_wégﬂrol,.a__ge R3 Oﬂﬂmms_mamo&m & L _ﬁmwxﬁ o meaﬂwm 30
g oot H IIUII%ﬁ I__A:4£|___gmo 2om Y Se_zom%AT ATO,_I,__SEm_QI o
ﬂgo&m;zmowoam m_,mgaﬁor = ,a;o__ahbHH_T o:;o|o_g§_:_ —
ENE |mu._A.oﬂmuxm_.O@ro| ol R mwmcm_._|_.r _:n:_w_u_,_m:__o::.___a|ﬁ.r _.H_ﬁmv .A..._an_.m -
ul - ur 30 gm_am; mmM+|Ja__g oo M i_ggm__a ___mr.g;: o
EOT;MNHNF__ w:cho_ o a%o%u_ua go,+He, ‘w_mMgo Hxlor,méa_w_a n
awAiz;% é@%.ﬁA@ zw_emm&vﬁmm M_Ew_mwzluw_ O moH;lM?_xzﬁIF K
a__yrs___@ p:o_eﬂﬂl+x+m Soan — X I%IHonMIAT_: )Lch@a:_:_xlo _
A__L EOA_.EL.lT_All..Al_u._olD |Ev._|D| o [ V) L K} -l _.__o|__$ N o9 ol
m__dlam_ =N s W R o___HraﬂE4mo+¢oM o] ___:_Ohé rr
S oo = 8 M A HoM:_oOTo.,r Lal_xﬁt.l__g = W ol ({0 ] _ R
= m ol zr b 5 0 o { Fo ol = 03t i 20 RI g & K = nr 90 % oo w o % %0
+__o9|m$ﬂ z X m g S W= = o 2R xl___:.é4w,¢ Imeékoﬁzli 5
@agam = Mgmgﬁ_u;mmagwst+A§w§aAa:f 5% 2o N or
o_?mﬂw = U_7+Jzo%eHoHMj, maow+5 ol |,uMgo++.1w =
m____oML LH_DI__N%_JWDLWN m.__um:_jo_unw%#uma._umno Wﬂmuo_:&_ _Jmaﬂa_._la._oMJxﬁ_.mo o
%ATSMomeduogroﬂuoH;o U olo_u_%wo,I_Emﬁ A_xTH_TWEﬂ il
30 = oll 0 — f — H foJ o = m =) 1 ioll F 25 A Hr ™~ Kl 80 o ol B0 ™
S g SR of ua@;mor%__o Dxﬂ14,§mﬁaj+mo - o R ' ow s
|%+OMOIEI_ W = = ~— =< = 37 §%|+o%+x=_ < W o ws
0 < 2 __FO_WEOJ .Aa__;._mM_H ﬂor*mMomEmEﬁ_zgﬂ_d ol H:O%EE amAunLuaEu____E_x_ol_ e}
iEouATHaa_o:o__ﬁa 5 DoMWL g igo:@w:_xgrm =5 o s =
m o E+a||++ 0 < Llo_o:E_:_ W5 D HS;E_JHD_” = S M =] &
amwoaMﬁmwﬂxmggiﬂ_g%mgw_rom w_gmu?s_@wﬂd :_,%mgm__g;g 7
_u_ﬁu__%u___ﬂ %EMOEEOME 5 < D u@)gﬂel_lhjm_o___unna+o a_zo%mo_z,@mma.m
g o KR R ___:_|§EE%¢IE 9__04:_|:EOH a%mmﬁsxéac%, m_:.:oo_acj_u:xoﬂl
Luﬁ_.._mﬂxoum Rl = |£+=:AooML| /@Wﬂ__%__o ;D_ékolr_uao ol R | = s =
7 XEOWE_%__E___IM_EEONE 30 ﬁ;:%# I mnmlr.lzﬁlo_o ..LuIImm, mﬁ_o_oM RO
m_x_E:Iﬁ_:__oT %M_gWMﬂmé% ATE:.EEH@,Mropegmocﬁmw}om_ A,OEH&EI__@QEDN
aop_oo__| HAo._;D.TN E_ﬁlo_.x:_ EHNP - ol IoMzﬂlu_xr <I __ogoauod:ﬂli
0o ek [ OF 1 = ] S9N o s worm F
ﬂmaclo 4|mo§| _ ° DnggoM?me_ M :Eo.+.|| _% olu___&zOMo%&MI
-2|L e Mo = 2 3 b m NS wrh = H =0 @ m N AL
51 o0 = 0 ol = ol © X0 ~ ol © w8l S = RS ™~ 2= ol H0 __ Ko )
<0 z) A0 KU ) 0 o o I O &l = g = o N )3 1] ~ o 9 m
2_._11_ A._ [0 — 0 = = Jo A ol ok W F —l_l_ < _xA_ o|_ Eu_ 1o Ul m L= 5 Mo _
~ 2 o Jag____ﬁmgq%mo wl W S WSS Ot U s _ :ﬁ__ooono__mmﬁ?&_
S E_QH.goweE _H__o__ol_xz_e g ™ Eegww:mﬁ__maw_%% mo-_xme;ﬁm__LOM Y
iOSnuo_o HoMnm___mm___umo:_m“&nwm:uo%ﬂ% ,Dmmolgtrlé_
_fpoffwmérx:ms_g.ma ¢+5guxﬁgmmr %o;:|m_ m oo %
=R W zow+%H zs_H__oEE_E ul = 05 %mommeMmoMZ___ il
AoLaOIaDDHWHU%Mt?&f@%% ,,+WEEWEE__I__ A
_Iu:%dn@ﬂMWA_A:ﬁ:wb;_é%guEéoaxmoﬁ.&a:
zo%mmm umOiOMﬂrmooMO(EATT.E@%MEQ,H
mgror_mwofx_H,oSﬂmom++E
uusu.ro____ T D=_|M LluEn|a
Bom: o_oLIrIW@ n|U||J|
Oé%@@%ﬂ%%ﬂ
X_MEUF,H@WE OF
< o O



858

Ol

0l
o1

r

=
g

0l
nll

—_

)
oll

o0F

i00

o

-

<0

=1

A

M

0

Jl

1o

-

0

ol
<Ar
k{0
<

ol
ol

—_

<]
=
i
i

ki
0

Jo

_lu_
Rl
Hmro
@._
K]

110

KJ
Kk

i

TJ
1o
00
aJ
ol
<

ol
H

ok
%0

RO
<A

o)

i

Ol Ct.



Al 27 =de Tl e d%

JU

=& o1/

o1

totd B MA O

P
—

212t
Jlsd AXM=zAM E0I

- o=
S20

o

=
S

m

g =
—

ZE00 BHE

U= a2 A

ni

T

60

N
[y

IS

K-

Ul

1

9

ol

ol
Kl

o Al

M 0l

O &M TiO»

b=
S =

O 22 JIguA

ulo

Hel OIE & X

=
—

HZ A

b=
S =

o
B

W

010

ol

~

t

o

DN
Matsuhita Elec. Works, Sony,

EX

o12l 30%

Ind.,

=
=

& MIA
Daikin

ot
tet,

o
i
0

OlAlG

TOTO 2121(=),

=0I10,

Q

Matsushita Elec.

)]

110
galll
]

i
]

=l

H

A

KA

O A THA

b=
S =

INNE SE2=2

=1

EOl
= =

Ind.

®

EA SItE D UL

O O =20t bt

st &4,

R0

o)

o
10

KJ

9

oll
ol

RO
m
[0
ok
!
0}
RO

RO
o)

)

U
()

JZED, oA, 2A=010], =8&Ld], 2EI|F, =E2448], tIlE

oy
ol
[0

i

-

]
E)

lod

daetol 2

SA IS

2 A

FO

00

ol

=2
=

il

= Cc
—

E

Z3dce

&l
—

0ot H&

=
=

Mz &

Al
=

-
1o

I

K0

Al

o

o

)t 0I=0lA

ol
—

|
HATHE F=EH0ILE

A
, =

A, UIEE, OIEelot

=0
= =

o HeIETH

glC|
=2 o

(]
K
0

1l

ol
Jo

i

00

ak

10

%0
<+
Rl

IS
IH

Rl
o

==
1o

Eol, 2dCIEX &

o RUCH

T

ol

X
[y

0

il

0

XM S

, S

El
53
1)
70

KJ

o

Rr

.

K

o
AN

~

ZM TAIS UIIEs sE &

=)



i H&E B, ltaly>

ﬂ_
<Z=xo

i
0



A3 ATFINE 2 43

Al A ANDERZEZ/ZAYES sto|BIYE FEu] L4 AL AT
1. Graphite-SiOz-TiO; 3 F=v] 44

B AFo A= facile one—pot route WHOE Graphite-SiO,-TiO, &3 F=v] 2AE A
Z3t. Alxzd-ge, WA 5mLe TiClel 50mLe aqueous HCI solution (1M)<S H7}shd A
AZe] 7hEs] whgo] dojuAl Aok oju] JhEEE] whgo] dojurA B do] wAsy]
ol ice-water bath tollA HEE st 7Hedd] vbgo = wEolxl EFYs 48
J2oll A oF 1AIZF FQF mdbsie] FErel folo g wbEQIth 1 thSoli= TiOgo] graphiteZ
0.5, 1.5, 2.5 wt% AX A78L7] 98l HA %9 graphiteE £9W3a flo] Hzlsa)
graphite7} F7Fg &995 158 &<k wHksk o &= 51037} 1.0, 3.0, 5.0 wt% = TiO.9} &3ty
Al skl A AAgE Fe] TEOSE F7Ho® H7kgk 9, 2A%F &b wwksiqicy, 1eja
NH,OHE F7Fetal 1A% g2t witsie] dojxl Jd&s SFFS} Ae&S ol &sto] oz
AHE SFATE o] Fell= 110TAA 2A17F A=x3tar, 500TCoA 4A1zt sFaskglel. o]# A Alx
¥l graphite-SiOs-TiOs &A= graphite®] H71&E3 Si0p9] AEH]o] walA GST-1(graphite

Si0; = 05 wt% : 1.0 wt%), GST-2(graphite : SiO, = 15 wt% : 3.0 wt%),
GST-3(graphite : SiOs = 2.5 wt% : 5.0 wt%)=Z W3R}, Graphite?} TEOS7} #H7F=A] &
2 4% TiO, Al5& GST-02.2 %7|35F3H

N

Md

o

Fig. 1-1& GST$ <38 TiO.° XRD €& vepd Zlojtt. o2 XRD % F+= TiO:
°] anatase A(JCPDS NO. 84-1286) 3= L3}l rutilee]Y brookite A ¥ A& YERY
A 3kt XRD 232 FaiA TiO, Yi=dAke] 7-3+= graphite H7Fe] &5 WA &okth=
Ae & 4 JAY. anatase A FHAE ALt 26=26.6°°1 4] graphite A5 T&F T 5 33
3, TiOy YA 3Hel graphite7} =¥ A& &SI TtE graphite ¥ 39| intensitys
graphite ¢Fo] Z7}gte) we} Z7)slgct. 18] Si0, ko] E71EE Ti029] anatase A ¥ =

< WOl AL intensity® FHASHATH ol H g AEFS FaA TiO9F &&= SiOx= TiOo] A
A& B gvhE As g2 & & Ak 1F = ®HW Si0, %ol F7IEEE Ti0,9 2A
H A7l #Z&skdt scherrer equations ©l-&3te] Z} AIEFS] Wt AAYH AVIE ANE 2
I} GST-02 14nm, GST-1< 12nm, GST-2+ 1lnm, GST-3<2 10nme| IA7|E H St}

_

Fig.1-2(a)&= GST-02] TEM #H#ZAIZS YyeEbd Aot} TiO.o] Z2AH A7]= W= 15nm=
XRD w45 &8l ezl gaieh A9 dAsioltt. Fig.l-2(b)= WimHd A& GST-29

TEM #HEAR S UrEM Zolt}. Graphite Wl 22 TiO, Yx=YALEo] F7F S L3}
A FxE s & At} webA, graphite 3H vAS TiO, Y=YrpEo] & Eo7]
) ol 4253} TIOZEE]’ PBxzu) EAo] A H Aow gAHErT} Fig.1-2(C)¥ GST-29 EDS

spectraE YeRH Aot C, Si, Ti, O A& &7 3 4 AL, o]k ¥y I 5L graphite %
Holl TiO, Y=Y A7F #dehA BxEE o] A= AS WA,



E * Anatase phase
E | # Graphite

]

....J f\.... A - bt GST-3

Intensity (a.u.)
E ;
T

A A g

20 (degree)

Fig.1-1. XRD patterns of pure TiO2 and graphite SiO,~TiO;
composites.

Fig.1-2. TEM micrographs of (a) GST-0, (b) GST-2, (c¢) EDS spectrum for GST-2 sample.

Fig.1-3& GST-0¢ GST-2¢ Raman spectras WeERA Holt}. 145, 396, 516 cm ' &t
W= A YERd 3] 35S anatase TiO, Aol dld¥ = I aEo|th. 42; By, Bigt A, B, WA
of &atrh 18 al 196, 144 cm 'elA vERdG 93+ E, WAl Sttt 195 cm ellA] #EE
intensity7} 2F2 3] 33 anatase 1% QtolA <2k3l HFo 71135}tk GST-2 Raman spectra
°] 1352 cm !¢} 1584 cm oA YElYE 935S D band$t G band® ¢HA e, D
band ¥ A¥ WU == 7pdAE Y sp® A F&A A3 Clecarbon)oll 71¢18 A3, G band =
£ sp’-AH Clcarbon)YAE2] AW WEol 7]1913k Zolt},

Fig.1-4+= GST E3A ¢t =53+ TiO,2] UV-Vis diffuse reflectance spectraE YEeH Zo]
o BE GST E3Al= 7}’\]%"4 oA G4 (absorbance)o] AERaL, wHHO| =43k
TiOy= 7HAF G FNA FFEol Fdth GST HFAY Fd2 734 5
=, o]& TiOy Yx=YAke} graphite] AlAAA C2p2t O2p WA AL &4
T C=0 Aol FAEHJY] witolrt. Co o] T718+3 GSTY F&2 FHHEAL, o=
C= 4% graphiteZ} #FQ]Ad G943 7IAFA oA 2 58S 7L 7] "ot
18]31 UV-Vis diffuse reflectance spectroscopy +4 ZA3¥+= TiOy7} graphite, SiOx2} &-3HA
£ o] FaL 7] wZell 7B FGolA AA/ABE S AP TTE AMES TSI
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Fig.1-3. Raman spectra of GST-0 and GST-2 sample.

(a): GST-0
(b): GST-1
(c): GST-2
(d): GST-3
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Wavelength (nm)

Fig.1-4. UV-Vis diffuse reflectance spectra of GST
composites.
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—a— GST-0

& Light—On e
" —a—GST-2
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Time (min.)

Fig.1-5. Variation in benzene gas concentration with visible light
irradiation.
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2. Boron—-doped TiO;~CNTs &3 FZ=u] A7)

7}. B-doped TiO,-CNTs &5 FZu] &4 A

B4 ¥ TiO,~CNTs NCs& ojde Bu=dd g &7 —é——@(sol—gel)‘?; RS A
st gAdstdtt. ElEFE(V) isopropoxide®} glacial actic acidS D SEYEA de
HokA Tt o] &N capping agent(2wt% <] sodium laurysl sulfate ﬁ—r“éfi} LME sk
AdstA A SFTFOW)el &3e B4ke] 5-4(1, 3, 5mol%)e IeEE
¢k uwkate] 9] goo] HIbetSith. o % ﬂﬂakiﬂ ¥ 0.5wt%E sto] &3t CNTs(AF
2ol FAE & FIE A% vFe FRTE 9 894 Hrtsidn 1 the, bRy}
Aottt 1ol WA, dA EF=ES 60 °CollA 34
A %’ﬁ’v‘:}ﬂi o] ofgtE2 MHS T FF
2 AT B As A7) QoA 110 °CE dxstal 7] Foll 5A1%F &<k 450 °C
V\(calcmated)ﬂ ok =43k TiO, NPs¢} TiO,-CNTs NCst& 54HS #H7behA] & 54
Ho g FHEHUY. A NCse= F47F =335 1IBTC, 3BTC % 5BTCel| tsf NCsoll A
./]:9] % 3l ¥ TiO, NPs, TiO,-CNTs (TC 0.5, =& AMZolA CNTs 5%=7F 0.5wt%
?—ixé)i FEAE

A& AHgste &9 pHE 10.000.2 =
B AL F Ao R AFAY 1 F A

-

O

]l

¢}

WO{EW’EHU‘WF}LOFO_&OH‘I-{W}M{}
!I

Y. FES A9 Uy
TiO, NPs¢} TC 0.5 @ BTC NCs¢ #&a &S MB ¢
710, 2709 6W UV 3 FHE AL&3te] UV F ZARA] MB A

o

&N AstE HrtEdn. =
F7F A=A Aol # /e
© AMFE Bk ke Qltk g HlAC FFHv] 100mgS ¢ S5ppm MB 95 §9& A7)
ow uRkegith A8¥H UV ¥ FH3 MB &9 /] 3EH Abol o] A= 156 cmolaL, F73]
T 25 °CAlA FAHATE. FF-a2 PFFHS A 98] ALoA] 308 o ofE £
L) 774 S E‘r% |l UV Fds AT 538 A3

4 N& suspensiono.2 wjifo] FA] 94 Leste] HrjE &

o] FE& Wil THFE 7IFo2 AHEsHA 500-800nm
BrE =4 UV-Vis spectrophotometerol /] ZUE Hs}A Tt 7HA 44 o}
gNo] FFs] AFE #d 200 W WA S (NB 220-C 200 W, Lanxi China)®]

O

A suspensions A7]8 o
2 Fo, s EElstr] 9l
gatgltt. &4 W MB 4
7 HefelA &
ol MB 9=
7HA Fdow TdT A dAo] *}ﬁﬂ“ﬂr JJrﬂo] 410nm H]HM UV et JJE]7]— A el
2 utE ofgffe] AYHltt. MB 95 &

Z
al
ol
=
s
.

1% o
12
oL
Mr -
:?LL
1 o
g
i
jama}
(@)
=3
=)
0Q
o
z
O
fr
g
>
2
gL
;1

o714 CO& MBY %7] %, Ctye ZAF A7 to] MB sXo|t},

). B-doped TiO,-CNTs FZu] 4&A9] E4 &4

Fig.1-6 TiO, NPs, TC 0.5 % BTC NCs¢ XRD #H¥l& ¥+ JCPDS 7l= W¥HE
84-12863} AEs] dAstt}t, oA FAHHE NCs9 3% anatase S <2l Tio, 9
rutile 3 brookite ol peak® WA A Fohth. o] AL TA EFo] MESY ARE T G
e HAA FoE= Eoﬂ%‘:} VA e B4y A9 34 peaks BSHA Fokon, o=

i7} TiO, oA 1x=Z FAEASS YEldY. NCse CNTs s%7F wlg- w7] wzo BTC
A okttt dAdE AWMEe] 274 A7]= Scherrer?] 34

1
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Fig.1-6. TiO, NPs TC 0.5 2 BTC =239 XRD 8.

70 80

Table 1-1. TiO, NPs, TC 0.5 ¥ BTC Yx=5gAe Fst W= e zhs F24
ufj 7l ¥

Samples Standan%d Ubscm:gd (hkly Cell cuns.aandc(!”\) Crystallite  Optical

values (A) values (A) size (nm) band gap
(eV)

TiO, 3.5140 3.5133 (101)  a=3782 11.83 3.19
2.3755 2.3648 (004) ©=9480
1.3372 1.3418 (200)

TC 0.5 3.5140 3.5096 (101  a=3770 14.83 2.98
2.3755 2.3762 (004) ©=9482
1.3372 1.3367 (200)

IBTC 3.5140 3.5442 (101)  a=3789 13.18 2.95
2.3755 2.3737 (004) ©=9474
1.3372 1.3370 (200)

3BTC 3.5140 3.6028 (101)  a=3.780 13.18 2.70
2.3755 2.4033 (004) c©=9489
1.3372 1.3648 (200)

S5BTC 3.5140 3.6040 (101)  a=3.740 13.40 2.80
2.3755 23822 (004) ©=9490
1.3372 1.3745 (200)
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F FHEE F4 JYeEdo oy

4 SE e el A H A SAS AAske 8% =+t Tio,
E o

NPs, TC 0.5 ¥ BTC NCs¢ & =IEZHL Fig.1-7(a)°l YER} v TiO, NPs, TC 0.5,
1BTC, 3BTC, 5BTC NCs9 4% MZ9 &4 =FdEFL 390, 414, 421, 442 2 427nmel A
o] E(band egde)E YWEFHATE o] AL B4 Eo] gy A, 5 wE A Holo] r]ofsh

]:l
A= odldA e o4 gl %ﬂ?‘ﬂoﬂ wal 7aEs Aow

g AS dAST Seje] Yy

e T o] A2 A4 Hold 3 Fo sk U0l AkA Ao ol 7]dE 4= Ut} 2p &

2 oy 2p AbA e e s gs cribbing/\] B geFo]l 1-3 molepz Z7}ete] uwhet
3

o AH(Eg) #tol A = 3BTCel Hl3} 2 ¢ & Y 7Y YA E Y
Bhith o ABS Ha wPe Eo %Et g:r—e— Fddow 9a Axe 44 e, v

HEES] ) 4 S Ao e Sojel AEA Yl @4ol o & Il ddrh TiO, NP
¢} BTC NCs9 oyAul= 7L Fig.1-7(b)2] tauc plotE AF&3te] AASIA L, % 1-19] YEF
ATt
@® =
- —— IBTC
: —— IBTC
g E 2.0
2 =
s
2 15—
-
1.0 4
300 . -'h‘.l]ﬂ ' ‘Hllﬂ ' 6II]!]
Wav -
avelength (nm) Band gap (eV)
Fig.1-7. (a) TiO, NPs, TC 0.5 ¥ BTC NCs9 # &4 =¥ E=", (b) TiO, NPs TC 0.5 ¥ BTC

NCsol| t3t (a¢hv)? o) W= 7 hv)J plot.

WZ 3BTC NCs® " AT%E FE-SEMo 2 ##3¢lt}. Fig.1-8a, b 450C

o] A annealing® WEA < M= 3BTC NCs9 FE-SEM ©o|H|A]E H o]l FE-SEM o] m] %] &=
3BTC NCsellA sd% w79 s Holorh e FHe] w79l o= dsidt i
| FeHE 54 AgelA #AsaL, A Z71E 9F 100 nmollA] #EESTh FESEM o] v A=
SHE Hxddas Boleth a2 guHe] ¢ x7] WEdAE ZE g JduAE HAas
5 d Jegdz= %/—ge}oq P Hrt, Fig.1-8c, diz CNTse9] ®Wo] #dshA n4d a4
FE TiO, NPsE& HoJFE= TEM o|uA|th B2 3% Ti0,9 92 Z7]= 10~20nm
A #ZE ST TEM ©] Wt PRl A7)k BeFo] dAF A Fes HojErh #HE H

12 @71 XRD A3 #Z A3}, anatase TiO, NPst 3% 1-19] YeEbd Ay o] FF
P ztzo] 0.35 nmeolt}. B =8| o] FMgel wel ARA AvE otk SUhskal 3BTC
ZF oF7te] F7}7F Fig.1-8e, foll ¥ th 3BTC NCs+ 0.36-0.37

nm W WHW I HAS Ho] £, o] TiO, AAAAY] W& EFst] Ta7F A E
T2 AMA7E dojua Ao HW 3 Ayt FUFsHAl "k o] A ol HiA e U

0 of
o
=

<
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Fig.1-8. (a and b) 3BTC NCs FE-SEM A}Zl, (c—f) 3BTC NCs TEM
AL

BTC NCs¢ E4 WAL 3BTCS 5BTC NCsoll thal A At BTC NCse %37 E4
< 3BTC NCs (65.46m?*/g)2] EW2& 5BTC NCs )¢ ;LL 514 Hlwste] B &% (60.40m?
/g)o]l S7VErel whel oFh ATk ey Al §4d0 A dEE fAkgE d44 22 3BTC NCs
Mg &40 0.1344cm?/gA| W, ¥bHo| 5BTC NCs+= 0.1087cm2/g2i 718 B9 E 7AA7
weha F7F # -S4 ol 3moles xS BET 4 ZAzdA 427 3 2 5 3
g g FE d2 v gk Aol bgE AFAEe o8 BEE AT 3BTC NCsoll e B
ol EA= EDS 4 2 A4 o=z g1Ednt Fig.1-9a+v= Ti, O, C ¥ B ¥4 &3
+ EDS peak”} A€ H. 3BTC NCs+= Ti7b F4-stal O, C ® B E3gh st shefekEel 3l
S HoFoh E3 3BTC NCso BE d47F EA8k=A A3t EDS 94 mapping©]
2131, Fig.1-9b-e¥= 3BTC NCs¢ EDS 94 WS HoFET 94 AEE MZo Ti O

¢

x

Al do Ot &l

i

’

RE 929 EAE P RelFe, BE Yht e TR BT WA FL5H

fr O 2
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Fig.1-9. 3BTC Y5 A|e a EDS b-e EDS €4 A%

FTIR spectroscopy+ Fig.1-10a%} Zo] ¥ 7|54 A4S ZAAs 7] 938 AHE=HA. 7%
3l¥l CNTs9 ~HEZS ~dAEH t}Yd3 peakES HoJFrh 1624cm o] Fo == peak®}
2o AL CNTs %9 C=C stretching BEo] &892 4 9t} 1718cm 19 peaks 7]%5 3}
F CNTs9l carboxylic Z8(C=0)< #algth. 3390cm-1014 #29 tde H,S0,/HNO, o
ost skstz & #8 3 ¥ CNTs 3EHWHo| carboxyl ZF°o] EAS FTHs= -OHO
stretching vibrationol a@3tch. 849 % 1298 cm !9 peaks HEkE 18] HzE C=0(from
the ester)o] 3193, 1067 cm ‘9 peaks 7]%53+d CNTs T &A8tE sulfate 1E37}
Aol vt 569cm o] peak®t # fingerpraint B9 peakd C-H Z39]9 bending
vibratione WERE 4 Tl o] g peakE2 CNTs7F 4F A2 AFHo= 753 HASS
J =3}, Fig.1-10b:E TiO,, TC 0.5 ® 3BTC NCs¢t #& tiiFz el M=o FTIR ~2HEHS
vrebdth 450-1000cm™ WH9lol okghel Frie2 465 cm 'olA peakE HGowW, o]
anatase TiO,ol4 O-Ti-O ZA¥e] EA peakth. WA 3432cm™ '3} 1632cm'ol &A=
peake TiO, ¥EWHe| &5t S84 o2 F5489 & 49 -OH 253 CNTs %W EA5t=
7154 AR o= <3t stretching® bending vibrationg 3181 ¢Jch, T3k 3432cm o] oo
2 Az YR Ti*" o]y -OH 2§ 3+e] #3 A528S et =8 FTIR 23+ Tio,
NPs, TC 0.5 % 3BTC NCs7} %2 X% hydroxylationE 7MAlaL dE=A] A5l iz o
LHS}-”J Iy hydroxylatlon—‘ JJ-Z:.UH =S 6]:/\]-}\]71 7-]0]]“4» J/l-vj H w2 ]/ﬂL‘ 6" ¥ B

a A
A

X

=

=

o _lf _1>4

ox M

At A hydroxyl Z1F°] TiO, %W FAF WA 93} 9-3-3Fo] hydroxyl radical
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Fig.1-10. (a) 71%53}¥ CNTs, (b) TiO, NPs, TC 0.5 %
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EA <l 3BTC NCs®] A=k 2 348t4 JAo B4 +42> XPSE #4513t Fig.l-11a
s 2o, Ti 2py B Ti 2D, FFl 2H2F &8k, 459.4 2 465.1eVelA 2 7je] Wi=2 2t
+ core level Ti 2p WX deconvolutiono] 2tz #AZHATE. Ti 2p,,° Ti 2py, Aol
splitting™ 5.7eV=, Y53 W Tid+ Atst Feje] EAlE YebdT) Fig.l-11bdl= 529.94
2 531.19eV 9ol 54 peak’} #EHE O 1s FAY XPS7F A EH 531.19eVe] peako]
absl Azloll A Ti-0 AFe] A4S Fsts &b T3 ] 9 #= ¥© -OH 482 & &
A2 EF&3h 531.163 532.73eVolA peakE 3BTC NCs HWo| 418 C=0 ¥ COO =
F wjFolt}. Fig.1-11lcE CNTs9 graphitic C=C A& 3t 284.5eVelA 7F4 Z&E3 peak
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Yel A 5+ TiO, NPs, TC 0.5, IBTC ¥ 5BTC NCs& 747} 35, 59, 90 2 60 %= YEich
TiO, NPs2}e] 71A] 4 %A A] MB 95 {99 FReHS A7et7] 9 TC 0.5¢ BTC NCs
o] fAbE A Aol A& AT Fig.l-14a, b.o] HoF Hle} o], SAW ZAul= UV Fu
gk oofyet 7hAg o] EAlShE A f-oll%, 3BTC NCse& th& AZ S o
s A = i R W TiO, NPs& 7bd we F84 & HoFth 3BTC NCst
9 AIZE ojuell FHu) 98%<] FEs A&S Rl ¥, TiO, NPs, TC 0.5 IBTC % 5BTC NCs
= ZH7F 37, 60, 88 ¥ 62%E YERWL Fule] anE AAs ] Y&, FE&E 28 uv 4 7t
A3 stell A Fuf glo] FalE ATk 1 A= o] d HarAe] 7w wpep o], Hnk 9lS o

WS GRS BT wmebA], s A= Tio, o T4

=g
CNTs® Z&o] TiO, NPs®] #FZFvf 5o FIANL F Ades Bodr B2 7= v
gk 8%lo] B4 =3E TiO, o FE5m Aes AN F dve As v 152 AR
=35 TiO,7} B-O-Ti¢t B-0-Be| A= 313t Aghs AAF Al dAdste] Fsfol
stttar A A, =8E B YA A Efl(electron traps) 98-S 3 4 low, Azl A

2 oxytropic §4oZE Qg F AAEH HAA-F FEY FHUE LolgA T 5 vk ED
CNTst 7 7HA Wi e= NCs¢| F5m &5s dsteted T3 45 3
53} A5 A HAF scavengers G3E T G AT} o= HMEAo] wlg- E7] el TiO,o A
ToeelA vteo= ofrld AAE 8okl ARkt £ Rt o] FojH]7Y|
A, CNTse FAA dJ3s 3149 %1} AUAE FFstal 1 Fol HATE Ti0,9 AEHYo =
Xd%}lﬂ‘?‘r LE}EW TiO, NPsoﬂ/Hﬂ Eat) E%%‘i‘ﬂ oltzl CNTs®| couplinge FAH =i

P

AN

= 4 (2)~(7)JqL 715‘01 ?i?ﬂ MU}.

TiO, + hv — TiO, (e" = h*) (2)
0, + ¢ — 202" (3)
°0,” + e + 2H+ — 2°OH (4)
H,0 + h* — °OH + H+ (5)
°OH + °OH — H,0, 6)
Dye + ROS(’OH,°O, and H,0,) — intermediates — products (7)

. Houas et al.&= MB7}

) apgol A A4E ROSE SAF Ba7h o] Fold WA vRie f7] HFES
o} 7] o
AEA7)E MB ol A5

Lo =
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hv/ Ti O,

16CO, + 6 H,0 + HCl + H,SO, + 3HNO, (8)

B ATE TIO, host Axel ¥2e) AX FEE IS Axw sEel AL eloA
FEo) BES 24T F A0S WM ONTsel e el EA%w e} B wgel
M &S el
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7A BEto A MB G me] FEE.

3BTC NCs ¢l tg4d2 U3 243 Hd4dow UV A ot MB d=e] Al AstE
ZAFEFGITE MB 98 %+ Sppmeol™, AREE Fulge 100 mg lE} MB 918 &9 F3l
H4e fEdI F A BEsled 3BTC NCs vl 228 AAs T e &8 233 53
g shshd B4E 100 °CollA 1A1F St AxAA AAYT MB 98 & U a7t
3BTC NC¢] ?Mg4dE xAlet7] fla] dd Fuj= 43] wE T Fig.1-15¢ MB 95 &
o] FRFFo] k7t AF|NES wolFErl, gy, FEESo] k7 A3 AL ARy E =
mf &2 wEd 4 9lvh webs] 3BTC NCs Ful= 73 443 MB 95 &9 Fiaid
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Al 2 A AMER=ZE2/ZHES 7HAF vk FS5 &4 AT T

1. TiO,-ZFEE A F&v 2A

7}. NaYF4:(Gd,SD/Ti0; &4 F&v) A=

NaYF;:(Gd, Si) f47¥Ad F3FEZ (upconversion phosphor) Ftesh & A4 Wy
AT WA Y03 (99.9%) 0.90%, SiO, (extra pure) 0.25, 0.5, 1wt%
(70%) 2FS 120TColA ¥3ke] Yttrium-silicon nitrate €948 FH]3ch FHlE &N rare
earth gadolinium nitrate(Gd(NO3)3:6H.0  (99.9%)) 0.09%5 % <AS(NH;-HF; (95.0%),
CO(NH2)z (99.9%), NasSiFs (98.0%)) &< H7letltt. Alxd &< aik4 hot platecl] A
80T 2% 2A 75t 233t 1 S W= Z(muffle furnace)oll ] 9 5C2] 7tEd&Ew=
650ColA 5&-FeH A2xAAL 1 F, AFE BES 580CoA 2A17Hs¢ 712 annealings}
Atk TiOg-sol AN&& FTHFTE o/ &3 E-A 7|&=2 §ul=A FA83lth. WA Titanium
(IV) n-butoxide (99.0%) A&
sl 0.105M TiOg-solS d=t). 1 & AHE3 ko] TiO,-sololl upconversion phosphor €
A& ultrasonical WAl o8 FAAZ FH &uirp S wizbA] wykstglvh, wpA o g2 TiOy7}
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Fig.2-12 A2 H7HAE x3sle] A9 NaYF,i(Gd, Si) #22 XRD #&e veRd
olt}. 34d ¥ A NaYF, 2 EZ-JCPDS 00-027-1428)% 7|Fo = el Ae&S
7bek & A28 I937F YERY AL, o] sodium yttrium silicate (JCPDS 00-022-0899)%) %
A3t o] <13l NaYF, hoste] 7F==lwd Al H7HAI7F intermetallic 48 3/ gt
e & F AU Debye Scherrer WAAS o] &3te] 7 MES] Ayt AR A7]E ALkt
Ay} NaYF,; host® 50nm, Gd** singly added NaYF4& 42nm, Gd*"-Si** double-added
NaYF,;+ 44nme Z7|5 Bt} o2 Ea) Gd* 2 Si** #7117} NaYF, host 24 7)o 3k
S HATYE e ¢ of mE A4 =719 AT NaYF, hostelld A4
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Fig.2-1. NaYF;:(Gd, Si) A& XRD #&.
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Fig.2-29] (a)9} (b)= 27} pure NaYF.i(Gd, 1%-SD9F TiO7} ZHHE NaYF.:(Gd, 1%-Si)
upconversion phosphor % SEM FHAFZES  yERLh Flg 2-2(a)ll A +HH
upconversion phosphor §4Ake] Z7]7F 2um WI9RQL A& A& 5 AT} Fig.2-2(h)ollA 3
FA-TIO, HA W& TiO, IB LR Q& S 2E Y v YAE Ay

Fig.2-2. SEMo 2 #z3 mA % : (a) NaYFy : (Gd, Si), (b) NaYF, : (Gd, Si)/TiOs.

Fig.2-32 19 2-2(b)°] FAIE d9¢] EDS =3 E
FAE dYelA Ti, O, Na, Y, F, Gd, Si 935 #&3 4 93Ut

Formila mass® At.omb
o= 7.30 16.59
| o 24.98 47.81
2.0 Na* 4.87 7.7
Si- 2.40 3.11
Ti* 3.24 2.46
b Y= 51.16 20.92
1
09 | GdA* £.04 1.40
] Total 100.00 100.00
2 g0 ;
] |
9
§ s

40— :

2 0% xS ?

DD 10 DO I?Im 14 00

Fig.2-3. NaYF4:(Gd, Si)/TiOz¢] EDS ~HEH.

Fig.2-4(a)¥x TiO; B AFA A TEM WA TZE Yepdt) Fig.2-4(b)x= d3A4 Ad
o] &ldsl= EDS 2FE-HoZ AWl Na, F, Y, Si, O, Ti 927t 43S wolF o2 &
3] NaYF4:(Gd, St TiO, 7+9] intermetallic compound’} £A43th+= AS & 5+ Ao}, 17
Al AAA AN A U2 CoF Cu® 4 93 T3 EA ke

-
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Fig.2-4. (a) NaYF4:(Gd, SD/TiO29] TEM AFzl (b) NaYF,:(Gd, Si)-TiO; 7 Al°] EDS

A E A
—Tl— .

Fig.2-5+ A& v& Ay HI7IAE o83 TiO, =8 NaYF4:(Gd, Si)¢] Raman ~HE ]
S yehdrh Ti0, ¥ dFA e Raman AFMEHLE 2+7F 144cm™!, 398cm™t, 522cm’,
639cm 9] A5 YeEpATE o] olUElA|(anatase) AH A9 ﬂsﬂﬁo] g Folth 1wt A
= A7 800~900cm™ & 71 ZFEAl YElE Raman 3 H+E Y-Si-O silicate 3}3HE-<]
2EH A oo st} o]t Yttrium silicate 3}EES vpF gk vt EX S zhe= Zlow
a2 9t} TiO, anatase ¥ 33 Y-Si-0¢ Ti-O49 7t A3 & 1wt%9 Si7l A7 A=
NN 7HE & yEbdoh
vt Fig.2-62 5§A9 94 MBS dolry] St A T%F 24 2=z o|th. ¥3A/Tio, A
Z2 0.5wt% ngke] T3 £42 =& kg AgdS Bt T £42 100T FHAM e i/ &
213 600-800TC ol Aol Axlolol] olsl o7 HRITY double-added NaYF,y : (Gd, 1% Si)/TiO,
o] F&F &4 singly added NaYF, : (Gd)/TiOgol vl #A3] =2 T &4S RSt
NaYF4:(Gd, 1% Si)/TiOx2] AHo] &%+ 624TCT= FAHJOH, o= AHd
NaYF;:(Gd)/TiOzo Hl3] ] ®-2 intermetallic phaseES X388l S v gt}
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Fig.2-5. Raman spectra of Gd*" -Si** doped NaYF, phosphor.
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Fig.2-7< NaYF;:(Gd)/TiO22} NaYF4:(Gd, 1% Si)/TiO»9] diffuse reflectance ~HEH
TiO.9F NaYF,9} vlaste] el efZor) g9 Bde &4 54 #3ur] &) A4S
HEAL A2 ER S AF3SI T NaYF, hoste UV oA 200nm-272nme] F o] 345
—’F%PE} Ty NaYF,:(Gd)/TiO.¢} NaYF4:(Gd, 1% Si/TiO, AlE% 200nm-400nme] =+
F FS Hltl ol: TiO2 ¥ yx Jxe F4 EAolth. wEF 200-282nm & o
NaYF4 (Gd, 1% SD/TiOy WHAb Z=FE el AnbAQl e Gd™ ¢ Sitt Abole] ez A=
FEH o7 dojds oudit} 200-216 % 262-282nmoll A o] A2 WA} T3 GdTP o]
UV &4 E54& Jebdt. NaVYF:(Gd)/TiO:9F NaYF4:(Gd, 1% Si)/TiOs upconversion

ﬁ&ir&ﬂmlwﬁm
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Fig.2-7. NaYF, &% Z3A9 UV-vis diffuse reflectance spectra.

Fig.2-82 40mW 980nm laser illumination 3}ollAl =43 NaYF,:(Gd), NaYF,:(Si),
NaYF,:(Gd, She] #dd ~AEHQS vepdlith o]& &3 upconversoin olyA A AAHS &
T ok Gd3*7} 78 NaYF4 host= 400-700nm Apolol| Al FA|Eqksl =30 A5 71X H,
o]z Gd* o]o] g T HolatxA] e oudth. F, Gd¥ olS dxom HrleH
[l k= ‘%‘ﬂr% A& & vk 1o ¥, NaYF4el Sit' & wxoz H7kstd 450 2
540nmell A A& 9 3E WEstH, ol aRHor Iy FAE WEI}S Uehdn ey
Gd®* ¢} Si*"Z NaYF, hostoll 34 H7}etw 450nm 93 4% thal 490, 543, 659,
798nmoll A A 2& W& ¥ 37F JEhdth 450nm 339 ZAE GdP e Sitt o] & Alolo A o

Ao omdith. AxnHo R NaYFi(Gd, 1% Si) FFAlM Gd* o
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Sitt FAARZ AUAE Adsle] A FA L o)A
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FEAdS SN A
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Fig.2-8. NaYF4:(Gd), NaYF4:(Si), NaYF4(Gd, Si)¢ photoluminescence

A EY
o} NaYF4i(Gd, Si)/TiO; &4 #=vie] F&2s) 54 13

Fig.2-9% NaYF4:(Gd)/TiO-¢} NaYF4:(Gd, 1% Si)/TiO, #ZwjE £33 10ppm MB &0
UVE ZARSEAS W] F3=E vehd otk ad 2-9(@elA et ol wd Hrte
NaYF;:((Gd)/TiOxe= ZpelAdell 2403 &<9F =5¥ % °F 53% %9 MB7F Holglo] 3 &4 0]
gt S 4 ook 2§ Fig.2-9(h)ollA HZo] X}S’Jﬁ% 240% &t FAFSE o]
NaYF;:(Gd, 1% SD)/TiO; F3vloll = MB #3i7F A9 a3}

Fig.2-10& H7He A& skl W& F5me =% 10ppm MB &9 Aqrstd HHAaE&S
Yebdth 1wt% Sivh Z7hE FEFa7F b 2 288 B, GdT ) Sitte o)F ke o
g Fig.2-99| A ¢} o] UV FAo] F45 a4
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Fig.2-9. 10ppm MB &3 483 W] F3=. (a)
NaYF4:(Gd)/TiOz (b) NaYF,:(Gd, Si)/TiOs.
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Fig.2-10. Z} Si &0 W& MB &9 Aytas g3 &

Fig.2-11& NaYF4:(Gd)/TiO2¢} NaYF4:(Gd, 1% Si)/TiO; #ZvwjE Z33F 5ppm MB &
o ZMAPEAAE ZAREE WY & 2FERS Ui Aotk Fig2-1l(a)olAet 2ol
NaYF4:(Gd)/TiO; F=Fwi= MB w3l7F =gAl doju= AS & 5 ok 18y Fig.2-11(b)l
A g o] NaYF4i(Gd, 1% SD/TiOg= 7FA13d Z=AF 10417 Fo] MBE ¢bd3] afAx]
o} Fig.2-12% NaYF.i(Gd, 1% SD/TiO; H&AS A&8A4S vetdoh. 53 F5v= 3%71
s FEAAE frAEt ALEo] Thsstth ey el a8 A HA Aol ZolA 98%, F W
Aol A 60%, Al MANA 40%= FFASFATE AtolE Sl7F F7HEel wep Al B A =g
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Fig.2-11. 5ppm MB &3} 23H3lS wjo] 3%, (a) NaYF4:(Gd)/TiOy (b) NaYF,:(Gd, Si/TiOy.
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_31_




2. (Ag,F)-doped TiOy/SiO; &% F=w] &)

(AgF) 9425 =3A17 F3Fv] (Ag-TiOs, F-TiO,;, Ag-F-Ti0)/Si0, &3 FZw] uku}
sol-gelf& o]&3ste] A xslqlnt. olitstEely FE5v] E4& FH7] f&iA F¢ds
TTIP (titanium tetraisopropoxide, Ti[OCH(CH3)214, Aldrich), EtOH (ethyl alcohol, CsHsOH)
H,0O, HCI, HNOs, n-butanol (CH3[CH:130H), AgNOs, NHFE AF&3FA T, &3k Si0p vhdkS
FY3sl7] YA =LY sE TEOS (tetraethyl orthosilicate, SilOCoHs)s, Aldrich), HsO, HCI,
IPA (isopropyl alcohol, CsHsO)E AR&sith. 7| (=2t~ A E)] SiO, ¥ehs 9 st
i =L UEE TEOS:H,O:HCLI:IPA = 1:4:0.03:209] ZAdH](molar ratio)® AA7g3}aL 28Tl
A1 300 rpmO. 2 st A, o] AA7F FoldA] FeE 29 &<k agings 8t SiO; sole
St T 18lar, 71 el SiO, solS 300pL "Hojrmy 30sec-2000rpmo.2 A~WAH S
3Fal, 400ColA 1A]7F annealingdte] SiO, #EhS- FH 81T}

SiOy ¥HF 9o F=u] (Ag-TiOg, F-TiO,, Ag-F-TiOy) ®¥S F®s}7] 84, TiO, sol
TTIP:EtOH:H:O:HCl:n-butanol = 1:20:1:0.35:1, Ag-TiO, sol& TTIP:EtOH:H,O:HNO3:
n-butanol:AgNO3 = 1:20:1:0.35:1:0.03, F-TiOy sol<> TTIP:EtOH:H,O:HNO3:n-butanol:NH,F
= 1:20:1:0.35:1:0.04, Ag-F-TiOy sol2 TTIP: EtOH:H,O:HNOs:n-butanol:AgNO3;:NH,F =
1:20:1:0.35:1:0.03:0.04¢] & =An|2 AAsta 28ColA 300 rpme 2 E3atHA 124759t
agings a9 FE51 sol& ST L thaes §4 A5 sold 2 F-3¢ EtOHE
A7bstel AxmE EEATE SOy wFE flo] Hm7F wroixl FEH) sol& 300ul Holrd
30sec-2000rpm o2 ~FP Y-S s, 500TCA 1A%t annealingste] F=m] (TiO,, Ag-TiOs,
F-TiOz, Ag-F-Ti02)/Si0; ®Hs  AEsAt. olFA HFHez Alxd TiOy/SiOy,
Ag-Ti02/Si0z, F-TiO4/SiOs, Ag-F-TiOs/SiO; 53} FZwl ¥k TS, ATS, FTS, AFTS® *
gl

Fig.2-13< #Z1(TiOs, Ag-TiOs, F-TiOs, Ag-F-Ti02)/Si0y =3 F5w) 9ht Az A=
E YEd Aotk FFv solo] Azt B S WA fsiA FFvl soldl AR H(HCL,
HNO3)E FH7tste]l mdstqlth. shA|Rt AbEvl H7t= Qleto], FSuf vbuke 2o Fite] a&
S Ho|i anatase®} rutileo] EF% o] old =53t anatase o2 FAH AT

S sol
Stmmg=Aging
[28°C -2day-300rpm]

Ted, sel/ Ag-Ti0, sol / F-TiQ, sol / Ag-F-Ti0, sal
] Stiming+Agmg

= Hode
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{ o M0 [28 T 1 2b-300rpm] * Ti), sol + ExOH
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it ‘— * Ag-Ti0,; sol + EtOH
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- Spinecoating on the * Ag-F-Ti0, sal + EOH
"J:“r:":_‘?img Si, thin film
[400°T-1h] [305e¢c-2000mpm)

Annealing

[500°T-1h]
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Double layer thin films

Fig.2-13. Flow chart for coating of the (Ag,F)-TiO,/SiO; thin film.

Fig.2-14= sol-gel®& o] &3] A% TS, ATS, FTS, AFTSe] XRD #Elo|t}. TS, ATS,
FTS, AFTSY X% anatase A3 dX ¥ ¥ 371 #2250t (JCPDS 21-1272). watA, 47}
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Fig.2-14. XRD patterns of TiO;, Ag-TiO,, F-TiO, and Ag-F-TiO, thin
films.

Fig.2-152 TS, ATS, FTS, AFTS9] x4
2ol FEu] FolA IR A fFdo] wE
SOl AkA gde FEvf ks Adstglth o)y

T e FE5u diete] FAEYE AS ¢ T UUTE Fig2-15(e)= FEHT =€ o] whd
SEMo.2 3k Abd o2, Si0, Bt FA4&= 215nmeolal TiO, F&v] o] FA= oF 7
o] AT
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15.8kV X38. 8K

Fig.2-15. SEM surface images of (a) TS, (b) ATS, (c¢) FTS, (d) AFTS,
and (e) cross section of AFTS films.

TS, ATS, FTS, AFTS®] F=5v) wiehs FAss a9 a9 stdddes L4571 4
)4 XPS spectra #41% it} Fig.2-162 TS, ATS, FTS, AFTS?] XPS spectra®} aLvj&
oA Ag 3d, F 1S¢] XPS spectra(1¥ o] 2 &% )& yekdl Aolth. TS, ATS, FTS, AFTS+
RE Ti, O, C ¥=7F #&2HAY. 28a ATSE Ag, FTSE F, AFTSE Agst F 9771 3714

ofN

[e)

of =ZHo] QAT W] BHH AoE AlHRHY. FV] Fo =HHo] o9y AL

sl7] e g e BastAv, el FE5u v xS Frobly] A AAAEE o
W C Y3yt #FEE AS A & 5 ok aulE Ag 3de] XPS spectradl Al 367 eVel 373
eVl binding energys 7HA&= 7 79 I A7F #EHG I, o]FS FIA Agrt S5 HIE &
o vhebe] =53 HAAv= Ae & 5 AT aEjEel A F 1S9 XPS spectrat™ Ag 3det &
o] F J/l¢ ¥ =7}t #EEHJY. binding energy”’} 684 eVQl I F+= F7F F ol ez TiO.9
EEA o2 Fagt AHE EAEAY TiF, JHE EAgth= S e, 688 eVel Hae=
A7 AAEl S dAsta J= FE YeERATh F 9a9 O 949 o] 20t e Ao U3 o
ol A5 sol A= # AFA(TTIP)G 7FEsli7F dolves 58 d5-9 Fe= A7) ¥z
g E AT} Fig.2-172 TS, ATS, FTS, AFTSS] atvj&olA O 1S9] XPS spectrag e
Aottt Ti-0 Ag-S AFTS < ATS < FTS < TS¢ #< intensity® H i, O-H 2 TS <
FTS < ATS < AFTS®} #-& intensity® Btk AFTSE TS, FTS, ATSel Hleid O0-H A%

.
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Fig.2-16. Survey XPS spectra of (a) TS, (b) ATS, (¢) FTS, and (d) AFTS
films(Inset: high-resolution XPS spectra of Ag 3d and F 1S).
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Fig.2-17. High-resolution XPS spectra of O 1S for (a) TS, (b) ATS, (c¢) FTS, and

(d) AFTS films.
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Fig.2-18. Comparisons of photo-decomposition for MB solution with
photocatalysts (TiOy, Ag-TiO,, F-TiO,, Ag-F-TiO,)/Si0O,; under UV
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Fig.2-19. Comparisons of photo-decomposition for MB solution with
photocatalysts (TiO;, Ag-TiO,, F-TiO,, Ag-F-Ti0O;)/Si0, under visible

light irradiation.
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1. 23YE HE Az

k= Hanju PVT, LTD A}] cement mortarE Ab&3sle] 38 E A Z(Concreate Sample)
& Axsoinh Bejel AAMES vjEE 1 0.6°1H FA7E lem$l ¢F ZAYE 7|HS A X3t
7] 918l 53] AASA T, 1kgel cement mortarE 150mle] &3 R E3t&ol 93] 20+ &
oF &3t v} A4 10cm ¥ F4 1em9 98 Z8t2¥ F3o| cement mortard slurry=
- %, FAYE AES AR dxstal F9o oA 28U s AIAIZT. 24
= << Fig.3-1(@)°] WERHAT.

2. Si0, & Ax 2 3IHY
Tetraethyl Orthosilicates ogbe W & o]248 714 Fa|sle] HClo] &4 3= AFe]oll A
A7 BoF wwk sl Em R A Si0,Z(sol)S Al Z5H T
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4. Toluene 7}29] F=n] £
Toluene 7h> 3= ol Aol Wiyl WS Abgste] o Sgstel dHdnh o H2w
Al AERe ok 2tk Tio, ¢ Ti0,-Sio, E L

o] 2 3"HE 24 MES 2L Teflon ZE
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& GAs7] fal 30 st ol Fel AR L F, 2mWem *9] A= SHe 6W UV
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sttt 54 Agto] Ak T FA R A ZkA(Im) MEZS AWtk Toluene gas® 353l
2 gas chromatography(GC) A|2=¥l& o] &3l HEF AT

5. XRD (X-ray Diffraction) ¥4
ZIYE AZS Zo 942 ¥Fstn 9lomE XRD 33 Ao o]yt 1 Ax, A&
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4. UV-vis diffused reflectance spectroscopy &4

Si0, ¥ TiO, ZEH I E MZ9 UV-vis DRSS & slo] = i&* 54
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st s don, o1 Ave ¥ 4a)dd BAE ZAYUE ME9 Fig.3-49] FE—SEM o] n %]
o} o, Fig.3-4(b) ~ (0)& Si0, ZYH ZLAFE AME9 dAv|d g =2E 77 e
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Fig.3-4. FE-SEM &v|7 ALz Ti0,-Si0, Y (a) =AYE ME (b) Si0, (¢)
EiAnR)

TiO, (d) TiO,-Si0, ZIYE AZ 2 (e 2 f) Ti0,-Si0, ZEH A&

e,

6. EDS(Energy dispersive x-ray spectroscopy) A&&4]

EDS =9 E&S 74t 7 Tio,-Sio, iFJE] AMZo] 22 48 AA3Y. Fig.3-5(a)= &
JYE ABZo m"EE Ti0,-Si0,2 EDS 2IAEFS yehdict. Ti, O, Si, Ca, Mg, Al, S, C¢}
- of AAT= A& qu%u}‘ olggt i T WIS S & 3-1° Y&
Wyeltk Tio,-Sio, Y ¥ A& 9 1*»‘1 MZol EDS ~HEHL 18 5(h)9} ) o] AFHE
H2 ¥ 19 e 249 FA HE2l Ti, Si, O and
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Table 3-1. TiO,-Si0, Z¥# A

=)

o 92 A,

Weight % of elements
Samples Ti Si AL Mg Ca S C O Total
Ti0,-Si0, CS 14.42 2.48 1.69 0.81 5.73 0.23 11.48 63.15 100
Ti0,-Si0, SW 13.16 58.05 e — e —_— PIT 21.62 100

7. FTIR (Fourier transform infrared) spectroscopy

Fig.3-62 400-4000cm ™! W$le] I #E MZo] mg® TiO,, SiO,, TiO,-Si0,¢ FTIR
A EY S YERATE 900~1200cm ™ 'elA] #EE Si-0-Sie] 54 WL days dubyo=w F4
2 Aol M= ASZHET 870cm TAlA #SHE I AE Si-0-Si A stretchingS 2 Q13 A3
It} 1635ecm ‘oA #A=¥ 339 Y<lS OH bending vibration wj&Fo|w, 338+% Zzbo] <
st & &l 7]Q1%kt). 3450cm ol A ke FH S 59 ¥ A+ OH stretching vibration=
Ho]FETh 450cm oA #SH o] M=+=Ti-O Stretching W&otk Ti-0-Sie)] &4 337}
970cm™ el A FEE 7] wiito] TiO,-Si0, Z¥H LIAE MEo 49 #5d 737 FdHA
th B 3200~3600cm™! ®felA FAks1 o] AL gjel Al HAE UEWEER, o=
Si0, IHE AMEZ] EAlek= At A4S 717F Tio,¢Fe] As 23S dAste "9 A S
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Al 4 A oASEEE-EY S5 FAYE N
1. o|HFE BHE(TIOn) -3 F5H 23E Az

Y 2AE AREY 2AEd A8eY] A A del AgHE 7E Uy
E AR/AF A, AME A, 2o, FAd A4F oltstEleE FE0E B
OB ATAE e 2 356 RAd A, 7 s A E
Jo masmA, AR YR 2AE BaeE BNl A B
= AE At FBY 540 4% 2AHE Az 0F n2AYS Awstud sk

TiOs—s0l tetrabutyl titanate(TBOT)E #AFsrEA2(Hy0,) &MNup &38131o] A}y Lol

v

3% 5t ool (aging) FAL AT, A eI FR4ol HANAN Azt oL
AZE TIO-sol& AWE Bevies, Egae 4% 2 942 H4& 244 Tiosh 239 3
Zo] 23YE AES AZSFAT. TiOsole AWME BEeh=d &3 Ti0,-£8 #50 &

AT EE A xse= W 2 A E Figd-1°| flow chart® YeER|IAT

TBOT + H,0,

magnetic stirring $0°C/ 30 min

methanol + H;O — magnetic stirring

24 h aging

Mixing Ti0,-sol with cement mortar
TiO;-mixed concrete plate

Drying and annealing {430°C)

Fig.4-1. Flow chart for fabrication of the TiO,-mixed concrete.

2. TiOy—mixed concrete® FE3&) w8 13k
Fig.4-2% A&JA F AL shellAl AIZE
MB-& o] tjal FEs] whS =A3 18 Zolr). 0%7]*1 Cycle 1, 2, SL 5%‘3& FEa) 23

=
T !

2 aAud, TE ABE B 2AA] e 44002 Bl
W, 12407 Folls 70%714 Bl AT w3 Alo|F f%d] ule)
FAYL FARS & 5 Ak Figd-32 A9H F 24} st A A
7o) WE AR e 37h4 AR TiO- £ #F0) 2AE AW, TI0,- 2T FE0) 2



IYE A#A, TiO-SiO-+Y 3 F=u) ZIYE A|H MBEH| tg FEs] wheS
gefzolth, FRFE0] TiOy-SiOp- TE>TIO-AE>TIO-E3 FEn) ZAHE Fo7
ok webA, Gl TiOE AWE REE2e) Z3ste] FFu] FAYEE Axdte= V)&
g FEn) E4S Ity FEHu] ZAZEE Axde B Ve ¢ £ FEHES U

shelah i),

1.0
— —— Ah__.__—_-
Ti()1 + mortar
0.8 ~ —#— Blank Test
——Cycle ]
—b—(Cycle 2
o 0.6 —p—{ycle 3
3 YC
&)
0.4 -
0.2-
0.0 ¥ T ¥ ] v ] ] L] I
0 2 4 6 8 10 12
Time, h

Fig.4-2. Photodecomposition for MB solution with TiOs,—mixed concrete
sample under UV light irradiation.

1.0 —a— Ti():—mixed concrete
i —— TiO: coated concrete
0.8 - —&—T10,-810, coated concrete
o 0.6+
o
) )
0.4 4
0.2 4
0.0 T T T T L 1 X 1 L 1 ¥ L]
0 2 4 6 8 10 12
Time, h

Fig.4-3. Comparison of photodecomposition for TiO;—mixed
concrete, TiOs—coated concrete and TiO,-SiOs-coated concrete
sample with MB solution.
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A 5 A 1384 N-doped Ti0y/Si0s F=&v] ZIFYE 7T

1. N-doped SiOs-TiO; FZ&v] Z3YE AZ
N-doped SiO.-TiO; &3+ F=v] T8 vl sol-gel'Hy 23 go] FHS o] &3t A %3}

St N doped TiO, BreHe m®el7] 9siA, 2L a2 TTIP(Titanium (IV) isopropoxide )
¢} and glacial acetic acidg sd3g Fo= Z3$ ¥, sodium dodecyl sulfate®t TFTE #
7¥ste] G=3hik-g-(hydration)o] & Aoy oF 2A17F FQF &4 magnetic stirrer® A o]5
Ak 2, AAH G 8 h(urea) FEAS HIbst] HAMN)7F TiOge] =3 HEF stal, pH
100] FAHES dRYolyE Hate] 60TolA 3AIZF &2t 3o dojyes gttt

T, AR E AEES 290 pH 22 /A FF/Fd &sllstar, 60ToA 24
A ZF Eot sol BFSo] UojuyxEE FAX3FA T Si09h BE3H Si0y/Ti0, #Y HHehS A %3}7)
A Si0y sol AF-ACl TEOS &MS 1:3 (Ti04:Si0)¢] HZ H7}star, 60ColA 24417 &
ot sol WFZo] dojyxE F%3] N-doped TiO9-SiOs solS A Z3Act. AZ%FH N-doped
Ti0s/Si0s solS AFg3Ele] ZAEE FWHo| ~AZgo] IEE AL, 100TCAA AFAIZ & HEH o
292 25 180T w2 &%, 450CeA 77t dA-gE st 5 ZA2E AlAES Ax
3t} Fig.5-12 N-doped TiOy/SiO; #ZFvlE ZHI ZAZE] A|x ¢AEE Ve

o
&
o2
[
o
b

| Glacial acetic acid + Titanium(lV) isopropoxide

@ &——— | Sodium dodecyl sulfate solution |

S | Stoichiometric aqueous Urea added |

-

Stirring
Il = [H,0+HNO,
| Stirring |
I 1 ' ¢<——= | Ammonia solution
pH 10

@

| Stirring, cooling and Filtering

~

Precipates, diluted with 500 mL DW + HCI
N-TiO, sol formed

~~

TEOS added
N-TiO,-SiO, sol formed

~

N-TiO,-Si0, -coated Concretes
Drying at 100°C , Annealing at 180°C and 450°C

Fig.5b-1. Flow chart for fabrication of N-TiO;/SiO, concrete.

2. N-doped SiO,-TiO, FZn] 38 E EA EA 13
Fig.5-2% 9ollA] A™® ulel 7o) N-doped Ti0:-Si0.Z Ag]& ¢lo]H o] FE A7 A|H
##e XRD H®l ot A E e FZ'E AlHS ZAZE A9 FAAARE B
sItER R TR 25 5343 935 il FE5u] =Y 2te] AAEA o] ulg- oH 7
ol A delEE FYW V|Ho R AFEEH. 450TAA EAElE AlHY XRD #H®lA
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25.45°, 37.85°, 48.15°, 54.54°, 55.60°4¢ I|AEL HHFAQ anatase FICPDZS
21-1272)3 A€t v, @G 2% 180TAA ¥ Al XRD & 25.45%004 1}
Elt anatase 9] F A o]9e9] HAEL VERA &goH, ol W

ol AA s &3] o] FolXA] gFar Ui v do] AdE Ao= g

101

N-TiO =510, 450 'q
|

. | - L | -4
%Mﬁf [ POVINVITERT | NPT L NPT GO ¥

(| - ; % - o
|

Intensity (a.u.)

N-TiO-Si0, 180 °C

10 20 30 40 50 60
2 0 (degree)

Fig.5-2. XRD patterns of N-TiO,—SiO, coated on the silicon

wafer.

Fig.5-32 N-doped Ti0y/Si0, #FZEHujE ZH3sE I E AlHo| dste] =H¥H FTIR
spectra® WERA ZloJth. 900-1200 cm 'ellA wEbd W2 I3+= Si-0-Si Agtel et
1635 cm LelAel == OH bending ZEol] 7]¢l® Zolar, 3450 cm 'ollAl¢ ¥ 3= OH
stretching &9 7]A¥ Aot} 450TCoNA EAg¥d A|HL FTIR spectrum©] 180TColA <&
Aeld AHEET 2 broadening peaksE WEIUH, o]& e 2EoA dAZE AHES O @

< 3 FgEes AYa 7] wielth
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Fig.5-3. FTIR spectra of N-TiO,~SiO,solcoatedconcretesample.

o] 7zt

Fig.5-4. FE-SEM micrograph N-TiO,-SiO, coated and uncoated concrete sample (a-c)
N-TiO,-Si0O; CS 180°C (d-f) N-TiO,-SiO, CS 450°C (g-h) uncoated concrete.
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Fig.5-5% A A (A=365 nm) FA} 3lollA] FZFAF Al 7H W& N-doped TiO9/Si0y FEv]=

s
Y3 ZIYE AAN-TI0-Si0; CS)Y EF 7pz=o] gk F73) veS =43 1o
th FEurt 3EEA &S AHS ZLM(A=365 nm) FAF dtellA 9% AL g o =R
o FEs] whso] dojykth. WA, FEFu(N-doped TiO/SiO)7F ZYE FAEE AlHL 450T
= dAgE 45, EFA FEN7E 98%0ld doiwtar, 180CTE dAgd AHe 49, 60% A
= dojykt}. Fig.5-6°] veRd viel 7ol N-doped TiOy/SiOp AT E AHE &+ 13} whe &
-

%= (pseudo—first order kinetics)E U‘}E’b FEE] Hk-go] dojytt) 450C=E EAgd

2 2% 180C= dxgd AHET v &ustA F2u ukgo] dojdriE AL o 5 9t

ol W& 2E(180°C)AlA EATd ASv ZAs7F &dd] dojuA g2 FiF

ez vlute] HAE 7] wjiEo] $+43] anatase TiO, #Hto] HAE 450TC =
[e)

e ol

o #Eo) whgo] e

1.0

—a— N-Ti0,-Si0, CS 450 °C
1 —— N-TiQ-50, CS 180 i
0.04 —a—r5g

T T T T T T T T ¥ T L ] L I
0 60 120 180 240 300 360 420
Time (min)
Fig.5-5. Photocatalytic degradation of toluene gas for N-TiO,~-SiO,
coated concrete sample under UV light irradiation.
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Fig.5-6. The pseudo-first-order kinetics of degradation of toluene gas for
the coated concrete sample under UV light irradiation.
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Fig.6-1. WaA H7F ZAA PR A (KTR): (a) TiO,-SiO; I8 9t (b) N-TiO,-Si0, Z& k.
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A7 A BE =Y 4o FE 54 B}

FZEu) 378 we] AHX(hardness)™ ¥ Pencil Scratch Hardness Test o2 4 4
Stk AWAE AR/ Fig7-1% 2ol tFd Fuel AWe AE =9 9 9o 45% 2=
2 A geEm, A P9 SEoR FolA 1 Evel &4 AuE uide] Fus
ZA g}, B Aol A & o 2% A
A71E AEete] JdEAEE AT Fig.7-2% 180°Ce} 450°Ce A = 717
AMZE(N-TiO2-SiOz-coated Glass)oll tldA] A =7 % HEEE vzl 9 s B
AF: Aok F AE stk A
=4 2713 NFA3E Table 7-19 YRR AT

Bl
' i
| |
| |
] |

i I

I | i |

400 gm 600 gm 400 gm 600 gm

N-Ti0,-8i0, 180 °C N-Ti0,-8i0, 450 °C
(a) (b)

Fig.7-2. Surface photographs after pencil hardness test for the N-TiO;-SiO;-coated glass

samples.

_55_



Table 7-1. Condition and results for pencil scratch hardness test with the
N-Ti05-S10s—-coated glass samples.
Pencil Applied Weight
encl (Pressure)
No Sample Types Scratch Speed Hardness
400 gm 600 gm
1 N-Ti0z~510;, annealed 10 mm/min 2H No scratch | No scratch
at 180°C
2 N-Ti0,~5i0;, annealed 10 mm/min 2H No scratch | No scratch
at 450°C
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concrete technology: The effect of photocatalyst placement”, Applied Catalysis B:
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Highlights
. Photocatalytic DeNOx efficiency gains on supported TiO,
depend on Ti0, loading.
. Nitrate selectivity is reduced at low T10, loadings due to bonded
interface.
. Coating durability is compromised at high levels due to weak
Ti0,-TiO; interactions.
. A basis for converting photonic efficiencies to air quality impact
Is presented.
m D.E. Macphee, A. Folli, “Photocatalytic concretes — The interface between photocatalysis

and cement chemistry”’, Cement and Concrete Research 85 (2016) 48-54.
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P25 W doped TiO, Nb doped TiO,

ABSTRACT

Conarete matenals are ubiquitous inthe developed world due to their versatility and cost-effectiveness as a con-
struction material, but their great potential for increased functionality remains underdeveloped. As supports for
photocatalysts, these structures offer viable solutions for the reduction of atmospheric pollutant concentrations,
the source of which is often associated with urbanisation and the built infrastructure. This paper addresses (i) the
photocatalytic mechanisms applicable to atmospheric depollution, (ii) the influence of doping, and (iii) the ap-
plication of TiO»-based photocatalysts to concrete, Modifications to TiO; will be discussed which can improve
its activation in visible light and, in the treatment of NO,, improve catalytic selectivity towards nitrate rather
thanthe more toxicNO,. The influence of the chemistry of cements on catalyst performance during both concrete
placement and in service will also be addressed and some atte ntion will be given to alternative strategies for in-
troducing the photocatalyst to the concarete.
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