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ABSTRACT

Development of Visible-working Photo-catalyst and
Evaluation of Anti-Bacterial Effect

Woogee Jeong, D.D.S

Director : Prof. Ko Yeong-MuhPD., M.S.D., D.D.S
Department of Dental Science

Graduate School of Chosun ©rsity

Titanium dioxide shows antibacterial effect whenpesed to near
ultra violet light. However, the main drawbacks t@w quantum
yields and the lack of visible light utilization nder its practical
application. In this study, we prepared a visibleding TiO, thin
film wusing the hydrogen, argon and nitrogen plasmmaatment.
Bactericidal efficiency of the surface modified TFiQphotocatalyst
was tested on the Kkilling ofSaphylococcus aureus, Septococcus
mutans and Porphyromonas gingivalis. Illumination time and
intensity of visible light affected drastically the&CFU (colony
foaming unit) of all bacteria.

- vii -



A

A 1%

o|J

N

=
% o} 4

o <]

Aoz 94

5]

[¢)

o] Ho AsE G FrAY
o d%H &
A A

7beo 2 A A

Ea

7 (chalking)ol g2 3},

R = A

$4% A

. °]

o zA

@ 9

o] &

N

R
ol 427

2t ] Z (radical) & & &

A7)

7 71l

o] | 1940
Holx gkt
(silica)¢} ¢ 5 v Y (alumina,

1
L.

A

"
oy
Mo

oo
)

ol
®E

ol

Tor

27} TiO,

=

A 7hE 9Ltk 19729 ) Al vk o}

7 R g

o] & 7} 7}

o, o9 o] 4k

e
A

gl

| A7l AREs) A%

S|

o] % F4

;O\_
22
Gl

ol
R

it

G

EE RS R

D
ATHS F

H]
=

L
R

==
=

ofz =7

it
<

7]
Light) +

=te)

o

v

214 7]

1l (Photocatalyst)

quA e ez

[e]

=

Hojz 9l

1
H

o

1 (catalyst) 9]

=
=

(Photo

Nr
el
olo

jant
G

5

’

Qoleh?

Z A}

[e]

FolA F2 o)

=

b
<A 4 (UV-A)

R

.

Gl

==

=

sfo] o] &

]

]

R4

4, o] I o7

] 2 o]

L

fu

=
=

X

R

L

=
3 olueAl AAFZ TiO, ¥

=
=1

stEl & (TiOw) o] ©] &=
7} 387.5nm(3.2eV)

7] Q1 gk},



7

hyA
-

/lﬂ

o}
=

=i
=~

Apshe e e o}

A} 2]

L
-

Ti02 AAel

By
Ha g t?

= Wﬂ %b N
o ¥ £ % N T %
= HI =) [=1 =3 _A_l J:AIL o
Al . m Nr ;m_ﬁ Mr_m ERECY < W o ]
%Oa o mﬂﬂrﬁﬂ@ ~ o o
moﬁMuumgﬁ% =~ ¥ " %urOMMaJ%
W oo 2 w2 AT A e = 2 o X o
o < T o ~ =0 .A ‘uAIL J <
- g Ty %Zvﬂeg_m‘% B oy < B
o X W %1_3}_0 = loyl s ﬂ1.ﬁ
o & o M . N oV e M G = < ° - o :
ﬂm>AlTa3ﬂ1ﬂ1 hJ%E%ﬂ ﬂ+eﬂn7nﬁ
ﬂmg.zowau.@%w %uﬂzé i [ T
ﬂlMﬁz@@ﬂ%%% %ggkgw _éiOszL
o T3 Bo o = R o= o ) o F{— =y ) o
ﬂ,.o w \H_OI HT_ _ = ul _ = = o m_nuv = %o M B) N Lo
Eazmmw@ﬂﬂy%w wﬂomoﬂoﬂ_az %Lfiuma
~ — . farl - —
Mg oo vE e Togar NS
—_ q 53 B T o Jlo ~ oo T oy T n s P ~ o (I il
omM@_ﬂ_dzﬂﬂar.a% ﬂ@uwo#ﬂ@ T o T2
it —_— —_ - =
%wamﬁwa@a%g mﬂ;;;qiiowaﬂw
noe —_— O — T loxy f -
o B on o B jw_ < mm om0 L doL o 3 = BT
11@&&%@.0\%“ ﬁﬂﬁ%xéﬁ l%mﬂ@
° T quzﬁﬂﬂ%um ﬂoar.zwﬂum#%wﬂc@iﬂm
1ﬂﬂ}7 . i ° < = K o ° LU
— ~ N ) J o) —_ M,A . s A,rl EE = N xX —_—
ok ald % M) o)) A = Mo o)) ~ RN o ) fa = Ho ,m7.‘_ + | oy ‘W
"y = N i rox Y W —_ )
ﬁlrzviﬂ_fuxu ﬂmo%ﬂa%wrgiﬂﬂg
v ° 1w X o ¥ RN T %o i -
iw.ﬂoﬁ_},7% S . }ﬂsmoam_uuuz. o o
o T A Do wos R M5E¢%‘%zﬁa.ﬂ LW
T =o . UGG w iy S R =
™ g O ¢ ~ ™ 5 o X w Iy W o= T s W DR T
© R Y T o ° o o T o <0 M
M_ulﬁ m Lf _2 Z.o mw_i ‘_.#M - = Ho X OME ﬂl O#E A..ru N oy G O.f _JL + oH MI ﬂMO
7A/dﬂm$,%ﬂawoaw ﬂu?xﬁ;u@lo»ﬂmmiéﬂuﬂ
o <] = W W S TR o ° X
%@&%@ﬂﬂygwl aglﬁ%@%ﬁ%#zﬁw
™ = b Moo T = LE‘__ = M o ol ,.WL + N aY pi N o i,_y B N o
uICH AN A N ToLde A )
= A i L,m = - nood <
ool B e ® (e — v B Mo W N
® W%lmqaﬁio44¢%
o r N = o —
qqg#w%%M%iw%
R G B B "o
@R N =
~ W



o] =4 w7

A2 A

Wl Ao

=
—

A 1A

1

N

s
Mo

o
o
=1
_&ﬁ
)
=
_Z.:l

~
EO

K

)
o
T3

&+
o
o

il

Lol 1 A]

% o) 4 §-of

2 A

A
N

=3
"o

pild

el
U

ol
of

K

Rwe Fgdel dol, 1 wEAL 7t

p/]

Plo

e

X

|
~K
i
—
o

</

X

<]

Y

=)

_

vA
)

o

o~

3T
=

(e )<}

el

—_—
o

71 A E o,

o]
oW

=
(]

%% ) 9

A
ey
=

dr
Ma

il

|

AZ 0 2 A Ti02, WOs, SrTiOs, a-FexO3, ZnO12, ada

uf] 2 A

=
=

o 5% WEA B

]
S

—

|

)

o

%o
o7

I

gl

A

23} & (a-Fe0s,

ul
=

320 47

-
(6]

o=

®
)
o

)
B

M
ﬁO

alal
=y

oo

qr
e

i

a

2

Ad

-FeOOH, B-FeOOH, §-FeOOH, y-FeOOH) <A

s
v
)

ol

|

5
;OT

=
=

N

A1 Zn(OH)

35

L Ao 5



Aol ol kAt AA Ao m Fhol AdHsvde S JHAL A #
AEe] dAAE TiOs(anatase) >
TiOz(rutile) > ZnO > ZrO2: >Sn0; > V2032 2, ol Er Al AAHFF 9
TiO.7F 7bd & @A =5 Hola St o3 FEHvE
He g ERE U 58 2¥ Table 13 o] o
o] Eg(ME= ol 9YA)E Fig. 1o vepich”
7150l A& B F TiOx= 34 kiAol =xu F
T A skl b wol AFSHETE TiO2o] M= oy A= 3.2 eVol
HoolUAE 9o A= Sket oF 380 mmoldte] Bleol " gttt TiO:
= A9 do] 6% EeEo e HYFE F odUAR o]fT F Uue A

ol A &7 HspAolm oA def SHME Y7t A

L
N
o

Lo

. d2ZXd0lE I} E

£3 e T2 WYL AT e Aol ERelu, Wusd gL 3
FaOBAEEE S A dedd 308 o8

det= M ZE KiNbsOr F5wl o] 22 35

A As S A et KiNbeOir FFw o] Aol o 549 Nizk =%, B
Tole Nk =

KuNbeO17 &=m
s Az bgE A2 7 F oA =5 Zalctetl, AFA = Niz o]
s e-9F Eo] wrgsto] FAavl WHAsta BIFolA = =3 hto] wHEslo]
A7 AR olAd KuNbsOr #Fvls 71E9 = &8 Abst=35v) o

Eoge 8494, F S04 A BN BAAAY gekd 3 4

BN
>
v
fE
o
H
=2
rir
G
<
o
o
ool
-
ol
s
%
Yo
=
+
il
o
oX,
oL



ol  #AXR  Ssttk. NiobiumAl o] wAH  F HEZXTLE

(Ion-exchange layered perovskite)9] dwt] & t}g3 Zt},

AMn-1NbnOsn+1

%

o714 A 42 55, M 4748 EF n
TE2A Yetdth 9 AE 7F 22 & NiobiumAl &4 HZZA7to]E 3}
$E5S  A¥ww KLaNb.O;, PbLaNbyO7, CsLaNbyO7,  KCa:NbyOyo,

RbCa2Nb3010, CsCaxNbzO1o, KSraNbzO19, KCa2zNaNbsO13 5 °| 3L

b
i

X
&
il
I

. AlLetolE FEv

——

Ageholer v B3 444 PAERA o 74X Arle §718%
539 482 olFAY, F54% & Atk 2 QA9 27k 01~10 mel L, F
Aoy 27149 A} £8L AT A #7157 ALl 2
o

G W AZolE AA] WHe ofFe mFE FAL 5+ o Al

dole ure F2e FA® A9 guest 2ho] Aol FFew iy

of Yojupu Z7)sh mol AeHolth ALl EE BEsH HY Fo

F 9TL i RS ARE UAY FH BIFL GO Ao E

Mgzl We oAtk Sol@ Fx wRolth F, Al EE Si0s
. .

A0S ARAZE AL T el AR aE FESGEA dRE T2
A=, olw 2 Ao kel shube] &gtk AA R ol @ Alw
A7b AAEE el oatel AW FL fa

716 Aol FAHEAY A% 64~12 A<l ﬂz—‘ﬂw(cage) meFe] 7 23

S
o
-
BN
f
P
rlr
S
NS}
l
]
o
>
H

~13 A A7 H(cluster), WA TFE 2 7] 53T E & A &olE
o 3 o o A& F Ut HE AZgolE w3 o F G4H4S %
+ guest =4S T st W& AMStH A9 A FEHu wES dod
o
=

3> =z
ttE QA7sl wuHw ok ALdols Tz UelAe] F o7 A7
?_



A5 o)

ofe] 7}

=

[¢]

AR 7o

}

ko)
o

pe o] o

S

2

G

ol

;On_
ol
NI

e

R



Table. 1. Classification of photocatalysts

Classification

Photocatalyst materials

Solid
(metal oxides and sulfides)

TiO2, ZnO, NbOs, W3, SnQ, Zr0;,
SrTiO;, KTaOs, Ni-K4NgsO17

Cds, zZnS

CdSe, GaP, CdTe, Mosé&VSe

Liquid
(homogeneous metal complex etc.)

[Ru(bpy)]**, Co complex, Rh complex
Polyphillin derivatives(Zn, Al, Mg)

) V)

e
i
=
A
A
K
i

of| 1 A (A

-1.0

CdSe

4.0

SH02 i
T ~—— Conduction

Band (A =df)

\/ OH-/H,0

0,

35eV

Valence Band (7} #}of)
/

777

Fig. 1. Band-gap energies of various semiconductors
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TiCly(g) + O2(g) — TiO2(s) + 2Cla(g)
TiCli(g) + 2H20(g) — TiOx(s) + 4HCl(g)

4) 71 39y
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Table 2. A characteristics of anatase and rutile

Anatase Rutile
U White pigment, use of White pigment  etc.
se
photocatalyst broadly use of industrials
- Tetragonal system - Tetragonal system
.. | - Highest activity - Coloring  power was
characteristic ) .
- Changes to rutile at excellent as a white
900 . pigment
- Stable in thermally
- To prevent blazing of
% - paint, photocatalyst
lﬁﬁzrl I activity decreased and
T A== surface was coatediy
Crystal ] aluminium  oxide and
T silicon oxide
structure
P’
|
] T
o-t--#--1"©
Coal T
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Table 3. Fixation method of photocatalyst.

o Raw Use of characteristic | Problem and
Method of fixation . )
materials example and advantage disadvantage
Activity
surface
Pigments, was decreased
Mixing of Titanium paper, glass by
o ' Easy to .
photocatalyst and dioxide fiber, cement binder,
] . manufacture )
other materials power curing agent Separation
etc. of power,
Abrasive of
binder
Titanium
Method of surface Metal dioxide
oxidation in oder | titanium, electrode, Thin film in | Small size of
to photocatalyst | Alloy plate Titanium metal plate | specific area
film building
material
o transparent
After liquid i oL
Organic thin fim,
photocatalyst was o . Needs of
titanium Glasses, Specific area o
pasted, Method off _ calcination in
i compound, Metals, is large as .
photocatalyst film o ] o high
) ) Titania Ceramics etc. | the mixing of
in the processing ) temperature
sol organic
of heat treatment
compound
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fusobacterium nucleatum
actinobacillus actinomycetemcomitans
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Figure 13. Degradation of Methylene blue (MB) sint
under visible light at 200W Ar(200mTorr) + »(200mTorr)
plasma treatment.
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Table 6. Atomic ratio(%) of XPS analysis

C N (@] Ti etc.
Untreated 30.97 0.49 44.99 13.94 9.61
N2 + H,
plasma 32.80 1.47 46.12 6.14 13.48
treatment
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Figure 15. Degradation of Methylene blue (MB) sint
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Fig. 17 Anti-bacterial effect ofS mutans on surface modified
titanium.
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Fig. 18 Anti-bacterial effect ofS aureus on surface modified
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Fig. 20 Comparison of anti-bacterial effect & mutans (4), S
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