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Activity evaluation of oxidation-reduction system of Cu doped TiO;
photocatalyst

Lee Jang Won

UR Interdisciplinary Program of Mechanical Engineering, Graduate School, Pukyong
National University

Abstract

The usefulness of photocatalytic TiO, that is generalized and widely used in our
lives being very greatly evaluated. Nevertheless, its low efficiency has been pointed
out because TiO, only reacts.in the UV-A region. In order to solve this problem,
this study tried to develop photocatalytic materials which can “be using in many
situations by doping relatively-low energy gap. Cu doped TiO; and TiO, were used in
this study. The photoactive evaluation and photocatalyst characteristic ‘'were studied
to using developed photocatalyst. The characteristic of the photocatalyst was
confirmed by TEM, XRD, EDS ‘and UV-visible analysis, and photoactive was analyzed
by the FT/IR using TCE. ‘At UV-A region, absorbance of the TiO, showed a rapid
increase. but Absorbance of Cu/TiO, showed rapid increase at visible region. In
other words, while pure TiO» showed a photoactive only. in -the UV-A region,
Cu/TiO, showed a photoactive~to both UV region.-and" visible region. Unlike pure
TiO,, DCAC was not found on detected reaction product by Cu/TiO, photocatalytic
reaction. At Oxidation, Resolutions of TiO, was higher than that of Cu/TiO.. but
Resolutions of Cu/TiO, was higher than that of TiO, at Reduction. This is judged

because of creation of electron and hole by ionized Cu.
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Fig. 2.2 Schematic representation-of the mechanism of. photocatalytic titanium
dioxide particles (TiOs: hvy, Fe-TiOp: hvs,” N-TiO: hvs, Fe-N-TiOq:
hV4).
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Fig. 2.3 Crystal structure of TiO
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.

Table 2.1 Physical characterization of TiO

e
N

Rutile Anatase
Specific gravity 4.2 3.9
Refractive index 211 2.52
Hardness 6.0~7.0 5.5~6.0
The transition to the
The melting point 1,858 C rutile phase at, high
temperature
Band | gap 3.02 eV 3.28 &l
3.57 A 3.79 A
Ti-Ti distance ? f‘
2.96 A 3.04 &
1.949 & 1.934 A
Ti-O distance ? ?
1.980 A 1.980 A

_']5_



Fixed mirror

Fig. 255 Mimetic diagram of (ﬂson Intcr,wtcr
|
1

e

Detector

@

_16_



3. AR H 43 UH

B Ao AHgH B Ame AHSERTIONO I, obvterA| e} FEHYD T
Z F % B4 5% olUEeAd TiOE AHgatant’™ Tio, £ EE
FEZZ XA E(TIOP)O SR/, dlets 9 AFus &3kl 70~80 o
A 60E Wk I TiO, £¢8te] A2olA 308 wHtete] AlzsHoh AREF
TiO,9] %<& 1.5 wt.%9} 3.0 wt.%olth. Z8]a Cu/TiO, £& Cu AFAE =3
Az2 AMgstgen, Cug F=20= AH=E e TiO; T2 E8ME &
HZ AZ3AT F, Cu 2 HEFZZZAL| =(TiIOP) ol clElE, S/,
T2 % HNOsE &#3+4, 60~80 CollA <F 3083t E¥sly vttt 1 F
o detE, FFT H TIO,E H7lste], A2dA =9 FHE &<stHA 30
~60&7F EF3te] AzsAth AHES Cust Ti0:9] 2 Cu 1.9 wt.%, TiO:
3.0 wt.%°lth TiO; & % Cu/TiO; =9 A= FAS Fig. 31 Jepdch
TiO.$} Cu/TiO,8] V32 =+7] 948t 60 x 25 mm =7]9] feldol Sio, &
0.01 wt%< § Z8 5, 100 € Ax=ZoA 40837 & Azt 1
= TiO; =3 Cu/TiO; = 01 g& frEj@e Z® F, 100 CellA 1083 A=
3ted TiO.9} Cu/TiIOxE THESTh

_’]7_



Ti(Opr),

Ethanol
Distilled water [— Mixing on 70~-80°C, 60 min
Acid catalyst

Mixed Sol

Mixing on RT, 30 min

| Tio,s01 |

(@

Ti(Opr),

Ethanol
Distilled water ¥ i
Cu powder Mixing on 70~80 T, 30 min
HNO,
| Mixed Cu Sol @. »9 & 9
D T )
Ethanol [ § 2 TIO?_
— Mix RT, 30~60

Distilled water e S D gﬁ
TiO,

: 00

Cu/TiO, Sol
(b)
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4.1 TiO2¢} Cu/TiO.8] EA- £4

4.1.1 TiOz9} Cu/TiO29] A =7 2 FHE)

TiO, =3 Cu/TiO: &< A=A TiO¢F Cu/TiO, #¢s& TEMO®E #zs}
o] Fig. 4.1 Yebdtr. A71A4 @ O+ 944, O D+ 248& vepdnh
TiO8 AAHa)= =717F ¢ 20 nmek= AS & & Ao Cu/TiO, YAHO=

Tie) A F= Aol 2 AR Av19 YAk Eeinel e =

2

BHAD o)7L @9 WL FLL W, AL AR TO, FAS BRI Ae
FE 2 Yepith D9 D= 25 AFA4L 7RI o], dolF&o] £

2 @7} 9% AP AP BEHAG, olx TiOsh =B Tioel 2
Aol Aol Wl Ao B
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@ ®)

O & @

Fig. 4.1 TEM analysis of TiO, and Cu/TiO,, (a)-particle of TiO., (b) crystal of
TiO,, (c) particle of Cu/TiO,, (d) crystal of Cu/TiO,
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41.2 TiO; &3 Cu/TiO, &9 H&E

TiO,o] T%& XRDEA3IS Fig. 4.2¢] WYeEATh o] AL TiOpol Cu-Ke %
At diAlE AlZ1E UERATE ofuERAl A T Hu M7= 25.3%0 A
LFER}IL, 37.8°% 48.0°, 54.2° 55.1° % 62.6°) 4% UERRTH T8 Cu/TiOz=
TiO, obYebA7E AEH 1, Cue 24 F2E AZHA &Yt olE CuY ¢
A7k o 2 nmE WA XA gde] Yojuhx| e o ukHTh

Cu/TiO;= XRDEA A Curt ASHA FUeEZE, Cus FUstr] st
EDSE RS 4319ty 54 472 Fig 43¢ YehAth 7] TiOxe Ti
9} 07} A%H 3, CuTiOE= Ti, O 2 Curt AZH A

TiO,9} Cu/TiOe] HE¥ 435S Table 4.13 Table 4.29] ztz+ YRR ST
TiO= Ti 34.08 wt.%HO 65.92 wt.%7F A2, Cu/TiOx= Ti 25.70 wt.%,
0 36.93 wt.% 2 37.37 wt.%7t AEHUG. olek o] EDS BA A Cuel 7
Zo] gFden, Fig. 41 @, @A TiO, ehtetd 919 Ze Qaks

Cugle AE & 4 Utk & Cu/TiOx= Curk $HEstA =3Fo] HAthe AS
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Fig. 4.2 X-ray diffraction pattern of TiO2
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Fig. 4.3 EDS analysis of (a) TiO; and (b) Cu/TiO;
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Table 4.1 Ingredient analysis of TiOz

Element wt.% at.%

O 65.92 85.28

Ti 34.08 14.72
Totals 100 100

Table 4.2 Ingredient analysis of Cu/TiO

Element wt.% at.%

O 36.93 67.24

Ti W) 15.63

Cu 37.37 17.%3
Totals 100 100
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4.1.3 TiO2¢} Cu/TiO29 ¥3F= =A
TiO, FZvl7} UV-A g4 Fukgo] AFsA dojdtte A 2 4
A Aoty a¥ER 5A4% A FEFuEA A4S 3D 5 o
TiO; (3 wt.%)9F Cu/TiOx7F &S doz + & 4 Id9E FAs7] 9
sked, 29X 7hAl G YGUV visible region)S #4135kt Fig. 4.49014 TiOx=
THNE dHolA FRETE @RstAl S7FSHAT, UV-A Gl FRE7E &5
AsHA 7 sk= & F Aok FF w0l AF3 dojys AL THA
B GdolA UV-A 9oz wshe s 992 380 nmolth. &, TiOxe 7}
Al GHollA Saitge Ao UBhuA o, UV-A dHollA Sajitgos
FEme] A4S T 5 e A & F Aok
3, Cu/TiOe 7114 9l 800~450 nmolA= TiO Rt F3=71 44
ZA deb o, 450 nmE spAol 2k 7RAE gl UV-A FHol A= TiO,
o FRE7F oW, 547 S7H UEAT. ol ¢k 2ol TR dHellA]
E Bkgo]l ygyrne, FEAEA oj8d £ .90 AoR F@ET. o=
Bl osty A=W el A7} wobA A, a2 olux & ol Ao}
3ol FAEE g W] WEelear deEn.

Py
o

o

_l

ot
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Fig. 4.4 Absorbance of TiO, and Cu/TiO,
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4.2 TiO»¢} Cu/TiO9] ®¥hk-g 717+
4.2.1 TiO9] 48}t ¥k-g 717

Z-e) A Goll A TCE= TiOzell &fste] 72l A5 ZalHAt. &8l #H4 <
Fig. 4.5°] yepity. 1A TCEE FUS 27], 3& 2 7T&o AT =9
EY d8< mlastd, Alzte] Aol welk TCES] Huiglo] FAastiA tE
W3 A EEo] vEldth oA TCEZF Esi=Hd E

X
r]I
oo
ofo
N
©
o
—J
(@)

Photocatalysis
CoHCls > DCAC (CI,CHCOCID + COCl, (10)

Uk A4 &2 DCAC(dichloroacetyl choride)®} ZE~ZI(COCL) 7h27E AA R
A 7k Al &3 whgeke] A0D# #Zo] CO.9F HCIZ &

H0

COCl, COz # HEL (1D

rd
r |

, 7H3% G oA TiOo 93 TCE= F&Ao] wol HE Haj= 7|7t
2= Aol wig- AolA, 180% Tl TCE EaHa44E& #Fstth
TCE®] &3l #78& Fig. 4.601 Jebdict. Eai== A olx TCES &alf o
n4ste] UV-Ag9 s 24 jkg A&l ASHA &3k, £3571H0)
ot CO7t A== AU

N
—_

A

i
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Fig. 4.5 TCE degradation process by TiO; under UV region
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Fig. 4.6 TCE degradation process by TiO, under visible region
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4.2.2 Cu/TiOz9] 413} wk-g- 7]+

A2 Goll A Cu/TiOzol ©]d TCEw 6040 Wi &=t &3 %A
< Fig. 479 Yepdth TiO oA RESAAEEE HEHAA DCACZE Cu/TiO;

A= HEHA @skon, 27 rpxavho] HAEHAG. oleh o] w344
°]&

Photocatalysis
CoHCl3 > COCl, (12)

H.O

COCly CO, + HC (13)

&, 7HAE @A CulTiOye] 4Fsinh-g-& F&gdo] o} TCEZF ¢hxl 3]
alEe £=7h w9 =22, 1807 &%k #&SIAT. Fig 4.890 7FA1E <
Ao A Cu/TiOzol 3 TCE #al #4-& vehditt. UV-AdlM AEHUd
SHPEL AZHR &1, FEIMH0)9 CO7F AZHUTE olAL Ti0,<]

=
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1
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Fig. 4.7 TCE degradation process by Cu/TiO; under UV region
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Fig. 4.8 TCE degradation process by Cu/TiO; under visible region
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4.2.3 Cu/TiO9] &4 #-& 7]

el E = dde Aol o7 Zojet AgET 405 Cu/TiOo g Wt

Cu0 — Cu® + O* (14)

Reaction

e, h' OH"- (15)

CuO7} g5 HA dxpet Fao F4Ide. o2 9 At 452
21(18)7 Zo] OHZHZ S ¥ gste TCEE EdlA7l= Aolth &, ¥BSAE

o] YHTE BPHE HFYIA o) ST FAUh

e+ 0Oy — 0Oy (16)

20" + 2H,O = 20H +20H + O, an

h* + OH — OH" (18)

ket AFo FA £=7F Fo0]E0] TCE &35l Ziste= otk =
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Fig. 4.9 TCE degradation process under. dark atmosphere wusing oxidized
Cu/TiO, under UV region
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4.3 TiO»¢} Cu/TiO»9] TCE &3} %

UV-Aoll 9]gt TiO29} Cu/TiOz9] 4Fs) ¥kg-of w& TCE &3l& FT/IRe ¢st
of £43t3th TCE #3l& FT/IR &4104 dojxl ~AERA Hoigte] H

& FAs F3trh

Fig. 4.10& TiO.$F Cu/TiO29] UV-A (320~380 nm) 43} wkS-o w3k TCE
Base Uehinth TCEE TiO, (1.5 wt.% 2 3.0 wt.%)oll o|ste] kA3 e
(100%)HA AN 7HA 2tz oF 9 9 7io] 4289 WhH, Cu/TiOyol oaixE 3]
E3(100%) = 71 7FA]l oF 60&°] &L ATt TiIO Bt Cu/TiO9] &5l =&

rl

ol CUlTIONE TiO, F9l6l Cuzk Ee4e] o), Tioel =dahs Folu]
A7k IO Ml3ke] a7] w29l Ao BTk

Fig. 4112 FoUA7F fl o1 Fe BS71elM CuTiOne] hutgol o
TCE £31%2 uepdich #E 2o opo] TCE E3lolAw, CulTios Furs
of olskel walh WA A & = ANk
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Fig. 4.10 TCE Resolution of TiO, and Cu/TiO; by oxidation reaction under UV
region
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Fig. 4.11 TCE Resolution of Cu/TiO, by dark reaction under dark region
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Fig. 4.12& TiO,¢} Cu/TiO.9] 748 2=®’l= 27 W (380~800 nm) 4+s} ®h-3-
of gk 7kAF 9 E3llse etk 7HAR G99 Bl UV-A 99
Aoy =2 30&7HA Hlwstdth. TCE= TiO; (1.5 wt.% 2 3.0 wt.%)l 9
st Z4zy oF 4.2% B 8.5% wal® wHA, Cu/TiOzol oJsliA= 9.3% =
. Cu/Ti0z9] #dlsol w2 olfv AolaHd Cuol MEAHE.0~2.2 eV)ol
Ti0x(3.0~3.2 eV)ET}F FotA UVEL 2 AUHAE 7HA I A= 34 3)0]
2 7% FgelA A 8 A BAst FE0 jEES do7]7] wEol

o g =gy oA eke] BAA S 209 HERH AT

Eg:hV:%[ew (19)
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Fig. 4.12 TCE Resolution of TiO, and Cu/TiO, by oxidation reaction under
visible region
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Fig. 4132 UV-A 9994 4tstdE TiOoF Cu/TiOE AFg3dle] oA+ &9
7114 g WG e TCE £35S HAFTH ofF2 9ol &d o
S0 o3t Bal= =g2E 308714 vlndtFnh UV-A g9o] 4kst
A TCE #3852 TiO7F Cu/TiO Kt A Fdth. T2t UV-A G HelA 4t
ste TiOp} Cu/TiO:9] 39 Whg2 48t WhgRTh Wby o= whg-<
H Bl 5ol 2k 3AIZE 4HEE TiO(3 wt.%) % Cu/TiO= 242+ oF 5.8%
go], Cu/TiO.7} TiO,Rth ¢k 2u)o] Ba%<S Jelugich 18
sl Cu/TiO2= oF 6.6% &3l = o], 3AIXE 4kshE TiO«A(3 wt.%) Kot
oF7F $4%k BElsS YERAT =S 3A7F 4kstE Cu/TiOx= 1A1ZHRE G
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860 — M- Cw/TiO, Reduction(after 3h oxidation)
Q —@— Cu/TiO, Reduction(after 1h oxidation)
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840 )
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Fig. 4.13 TCE Resolution by reduction reaction under dark atmosphere using
oxidized TiO; and Cu/TiO, under UV region
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Fig. 4.15 TCE resolution of oxidation and reduction due to“color transition
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