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ABSTRACT

To avoid the use of TiO, in powder form and easy to use for the removal of dye in
water, therefore, in this special project study the method to preparing of TiO, composite rubber
sheet. This method is base on the use of commercial TiO, powder (Degussa P25) and
concentrated rubber latex (60% HA) as starting materials. In this preparation, the varying
different amounts of TiO, suspension were directly mixing with the concentrated rubber latex.
| After that the prepared mixture were poured into mold, left at room temperature and finally, the
TiO, composite rubber sheets were obtained. The morphologies and crystalline phase features of
these sheets were characterized by using FT-IR, XRD, SEM, and EDS techniques. The results
showed that the crystalline phases and functional groups of TiO, composite rubber sheets are
corresponding to pristine TiO, powder and rubber sheet. From the SEM and EDS results, the
morphologies of the sheet surface shown the difference surface features when the increasing
added amount of TiO,. In the photocatalytic properties test showed that the prepared TiO,
composite rubber sheets could be degrade indigo carmine (IC) dye under UV light irradiation.
The sheet prepared by using amount of 0.1 g TiO, showed the highest photocatalytic activity than
that the other sheets. The orders of %degradation activities of TiO, composite rubber sheets as
0%, 86%,96%,90%,97% with the sheets prepared by using amounts of TiO, are 0, 0.01, 0.03,
0.05, 0.1 g, respectively. And to improve the removal efficiency of dyes, this special project
studies the effects of adding amorphous TiO, to prepare the TiO,-amorphous TiO, (TiO,-Am)
composite rubber sheets. The results showed that these sheets could be remove both methylene

blue (MB) and indigo carmine (IC) dyes under UV light irradiation. Especially, the former dye
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degraded faster than the later dye. The sheet prepared by using amounts of 0.03 g TiO, mixed
with 0.02 g amorphous TiO, showed the highest photocatalytic activity than that the other sheets.
In addition, the efficiency of TiO,-Am composite rubber sheet on the repeatedly used was also
studied. The results indicated that TiO,-Am composite rubber sheet could be repeatedly used on
the removal of MB dye solution under UV light irradiation. However, despite this composite
rubber sheet showed the decreasing efficiency on the repeatedly used when increased the number
of uses on the removal of MB dye but the sheet has some advantages that it is easy to use,

recoverable after use, and it can be reused as well.

Keywords: Amorphous TiO,, Titanium dioxide photocatalytst, Methylene blue, Indigo carmine
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1. TiO, + hV —> Bl - s (1)
2. (0, + ey — o, .. 2)
3.0 <> H +OH), + h, —> H+OH .. 3)
4 B+ H - vo, . )
5. 2HO, —> BO %8 e (5)
6. HO, +e — OH°*+OH = . (6)
7. R + OH — T - S )
8. R + h' —> R —> Degradation Products  ...... (8)

(Aw: Houas, et al., 2001)
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2.6.1 lnsitlealaeonlad (Titanium Dioxide Degussa P25)

Imiiion'laeen'lsd Degussa P25 iy nmidion lnsen ladaiianilafifing 14y
aand e iiesnniinnuansalunisaufisn T Taazazaa lfnndiae Snladid
Hanageeiu 2 a fiv 9UINA (Anatase) 103 NG (Rutile) Tassasidiuvesaeantaiiozey
Falszanm 70 : 30 w50 80 : 20 Aagalft 2.5 naziflesnin lnsilonlasen lad Degussa P25 i
mMsendeiusznIasana seilw lmmiionlaeenlod Degussa P25 UszAundaaiu
ﬂ‘i:é’u‘lun1szﬁﬂﬂ§ﬁ?miﬂmmxﬁﬁﬁqa ifies9ndifinaseunaz Taaiiansueneenain
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ee0® & 8000
£
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51 2.6 namena lnmaAnlfasen Tl Taazazda nazuaasdasidivveadaeuina

wazz Ind T lndlonlaeen lad (Degussa P25)

(‘?'Im: http://www .nature.com/nmat/journal/v12/n9/abs/nmat3697 html)
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2.6.2 wanedag v lnmitienlasenlyd (Amorphous Titanium Dioxide, Am-TiO,)
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g 2.7 31D XRD spectrum voawdinodagiu Tnmniiivy laeon lad
('ﬁm: Adsorption behavior of some metal ions on hydrated amorphous titanium dioxide surface,

2005 / Miki Kanna (QZAME)

l=i d{, aAa =] a = o
M319N 2.2 uarasiufimvesnanedugiu lnmdlon lasen lae

TiO, Phase Crystallinity (%) BET surface Absorption edge Band gap

, area (m? g™) wavelength (nm) energy (eV)
Amorphous TiO, Amorphous - 499.00 381 325
Degussa P25 AR 80(A), 20(R)* 54.50 396 3.13
Anatase A 100(A) 10.72 : 383 324

A anatase, R rutile

(ﬁ%ﬂ: Amorphous titanium dioxide: a recyclable dye remover for water treatment / Miki Kanna

LDEAE)
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Tnmitlonlaeen lufuuuedupuiiiuiiineudiegaia 449 m¥g sliiinmamnsaly
o s I 11 = v S oA A £ o
nsgaduTangniin 1&unndr lnmidlon lasen ladsinduqg Fennuannsalumsgady

Tangniinves Inmidion laven Tadaiiad e uansdnised 2.2

P Qs s ] ¢ a ¥
1IN 2.3 uﬁmmmmmm'luﬂ1ig]ﬂcwl'aﬁ:ﬂunmaﬂnmmﬂu"lﬂﬂan"lcmwﬂﬂnq

Adsorption capacity (mo/o)
Samples ’ : e Refs.
Mn(IDh  Fell) Cu(ll) Ph(II)

! ha-TiO, 2492 1485 8479  618.79  this work |

Anatase (syn)* ca. 0 14.90 67.40 30808  this work

Anatase (Carlo Erba) ca. () 14.90 71.15 194.28  this work

Degussa P25 ca.0 14.90 63.63 21941  this work

Rutile (TOA) ca. 0 15.02 68.84 187.99  this work

Tltanatase, syn) 6.830 - 9.010 5.030  (Vassileva et al., 1996)
T2(anatase, Fluka) - - 0.270 0.220  (Vassileva er al., 1996)
Nanometer TiO, 2.14 - 6.86 - (Liang et al., 2001

nnasszifiudwdnedugw Inmifionlaoenlud farmaunsolunisgady
Tanymin'l&ani1 Inmidlon laeen ludwiasus miesarnir lnmiienlaesn lediuus
ﬁ'mgmﬁmm"lajsfluwﬁmm:ﬁv‘ifuﬁﬁaqa (449 m’/g) Vovh IviRansgadu Tanzmin 18 Tag
MW pH vy 7 Tnnidion laeen ladnuuedugeeiiszefimdeudaiivay ey
HERRIT "mmStﬂuﬂﬁuamﬂﬁ'ﬂuﬂizqﬁ’uﬂi:wanmm%uﬁwmiamwﬁ’ﬂ"lﬁﬁ Faitufirve
Tanzeenludilon pH dwziisyyfuuindiudan pr qogilszufuay Fafuives

Tanzeen lud uanadsg)

i+ H o
|

Oxide surface -

Positive surface TEP or PZC Negative surface

1 a
3N 2.8 naasituvesTanzean lud
({Han: Adsorption behavior of some metal ions on hydrated amorphous titanium dioxide surface,

2005 / Miki Kanna Hazame)
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Electronic Ozone uv Ionizer TiO, Photocatalyst

Mold Good Good Good Poor Excellent
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N/ 105 M-' cm-?
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O 5 5 /CH3
| : |
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NQ /©\N/
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ool

H,C~_ |
3
SOSH i, M =136 (a)
CH3 l
NH2
b s M = 167 (a)
i SO.H
3
CH, M =218 (b)
L1 =]
SO3H OH
M =158 (b) M =94 (a)

(a) detected by GC/MS (extraction of ions)

(b) detected by LC/MS

51U 2.14 nalnmsiAnl §Aseimsaaearveuniauyg

('ﬁm: Photocatalytic degradation pathway of methylene blue , Houas, et al., 2001)
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3) Scanning Electron Microscope (SEM)
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731 Fourier Transform Infrared Spectroscopy (FT-IR)
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7N Scanning Electron Microscope ( SEM )

a-1 walninitielaeenlad ( Degussa P25)

Scan Speed =6 EHT =1000kV Signal A = SE1 ; Scan Spesd = § EHT W Signel A= SE1 Date 27 Fob 2014
WO= 10mm Mag= 600X T WODs= 10mm Mag= 600KX Time 163707

X150 : ; X5000

U a-1 a1 SEM wosna lnmiiion laeen 1o ( Degussa P25)

a-2 mananedug 1 Inmilelaoenlad (Amorphous Titanium dioxide

- Scan Speed = § EHT = 10.00 k' Signal A= SE1 Dats 127 Fab 2014

ScenSpard ® 6 EHT=1000kV  Signal A= SE1 Dsts :27 Fab 2014
) WOw 10mm © Mag= S00X  Time:18:44:18 -

WD = 10mm Mag = - 150X * Tima :16:48:11

X150 X5000

gﬂﬁ -2 NN SEM ‘U'ENPNNﬁdﬂﬂﬁmj’mqmmﬁUillrlﬁﬁl’t)ﬂulﬂ]m{( Amorphous Titanium dioxide )
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1 ¥
A-3 uruenaa

{ < : SRR L P | v : 4
S fpesind THT n 400N, B AIEL Dol 37 Fen 2000 10 ScanSpesd=§ EHI'= 500KV Signal A= SE1 Duta 27 Fob 2014
WO NTwes Mg A e 3001 i WD= f2mm  Mage 500X  Time:(14000
& ¢ vk ,' g o i i i ;
A 7 2 i

X150 X5000

3U7 A-3 71 SEM vouuHuaan

a-4 urnenawad Inmiieslneonlaa ( Degussa P25) US1as 0.01 n5n

Scan Spéed = § EHT = 1000k Signal A= GE1 Date :27 Fob 2014

Sean Speed 5§ EHT = 10.00KV  Signal A= SE1 Dt :27 Fab 2014
WO= 11 mm Mag= 150X Tima :13:24:58 WD= 11mm

Mag= 500X Time :13:16:51

X150 X5000

511 A-4 71w SEM voaurno1anan Tnmiflonlaoen lud ( Degussa P25) Usanas 0.01 niw
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a-5 unuenawas lnonidieslaeenlad ( Degussa P25) Usunas 0.03 n¥u

." -
35y
3 2 '

SconSpeed = § EHT = 10.00kV Signal A = SE1 Date 27 Fob 2014

ScanSpeed =6 EHT = 10.00KY  Signal A= SE{ Date :27 Fab 2014
WD = 11 WO= 11mm  Msg= 600X Titne :14:20:48
. - .

mm Mag= 150X Time :14:17:14

X150 X5000

5071 A-5 71w SEM voaurneanay Tnmidlowlaoen lud ( Degussa P25 ) USu1m 0.03 niy

a-6 upnenawas Inmitieslneenlad ( Degussa P25) U3 0.05 n3u

| ¢ 3 s

20pm ScanSpeed= 6 EHT=1000%V  Signal Ax SE1 Date 27 Fob 2014 20um SconSpeed =t EHT=10.00kV  Signal A= SE1 Dete 227 Fob 2014
H WO 1imm  Megs 150X Time:13:5060 | WO= 1imm Mg 500X Tine 1354853
. . X 5 3 { K ;

Iy -

X150 X5000

57 A-6 nn SEM wosusnaway Inmiionlasen lud ( Degussa P25 ) UTunas 0.05 niu



a-7 uriuenawanInmidiealaoenled ( Degussa P25) U3aas 0.10 n3u

Scan Speed = § EHT = 10.00 kV Signal A = SE1 Date :27 Fob 2014

Scan Speed =6 EHT = 10.00kV Signal A= SE1 Date 27 Fob 2014
WO= 11 mm Mag= 150X Tieme :14:50:57

WD = 10 mm Mag= 500X Tima 114:48:50
] =

X150 X5000

37 a7 7w SEM voauruenawaw Inmifowlaoenluq ( Degussa P25 ) USunai 0.10 A3y

a-8 unnenaraadlnmiiioalaeenlad (Degussa P25) Y33 0.04 03w - nanodaigI

Yisiealneenlesa USunas 0.01 n¥u

. Date 27 Feb 2014 .

T ‘ScanSpesd =6 EHT=1000kV  Signal A= SE1 Date 127 Fob 2014
- wo

... ScenSpasd=f EHT= 1000V . - SonMA
= 11mm Mag= 150X Time :14:34:13 ¥

=SE1
WD = 11 mm Mag= S00X Time :14:37:59

X150 X5000
51/ A-8 01 SEM vosunuenanan lnnifon laoen o ( Degussa P25 ) U3unai 0.04 niu

o = ¢ (a o
uay wanadaugu Innitloy lavonloadsuin 0.01 5y
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a-9 ueienawaslnmidieonlaeenlud ( Degussa P25 ) Y3anas 0.03 n3a - wanodaig

Tmsianlaeenlad Usuas 0.02 n5u

oA
Scan Speed = & EHT = 10.00 kY Signal A= SE| Date 27 Fob 2014

Scan Speed = § EHT = 10.00 kv Signal A= SE1 Dete :27 Fab 2014
WOo= 11 mm Mag= 600X Time :15:12:28

WD= 11mm Meg= 160X Time :15.00:41

X150 X5000
5171 a-9 a1 SEM veaurueraway lninion laeenlas ( Degussa P25 ) 15131 0.03 ni

[ d (a w
way wanedugu lnnitlonlaeen TaaiSura 0.02 nfu

i = d s = s
A-10 uruenamay lnmidionlasenluea ( Degussa P25 ) USanas 0.025 n33 - wanedaugu

Innitienlaoenlaa USun 0.025 n5u

ScanSpesd w6 EHT = 10.00 kV Eignal A= SE1 Dste 27 Fob 2014 Scan Spead * § EHT = 10.00 KV Signal A = SE1 Dste 27 Feb 2014
X

| ot WO 10 mm Mag= 150X Time :15:50:18

WD = 10mm Mag= 500 Time :16:12:38

| X150 X5000

517 a-10 7 SEM voaurnesran Tnmidlon lnoen las ( Degussa P25 ) UTuat 0.025 n3u

= @ = d 1a 1
way wanedagu lnnitoylaoen laaiSuia 0.025 nu
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a-11 uriuenamaslnmisizalnoenlae ( Degussa P25) U3anat 0.01 n3% - nano g

InisteslavenladdSuna 0.04 nSu

v ) N '
Scen Speed =5 EHT = 10.00kV Signal A= SE1 Date :27 Fob 2014

Scan Speed = 6 EHT » 10.00 bV Signal A = SE1 Duta 127 Fob 2014,
WD'= 10mm Mag= 600X Time 162618

WD= 10mm Mag= 150X Time :18:2347

X150 X5000
14 a-11 7w SEM vosuruenanan Inmiilonlaoenlad ( Degussa P25 ) Usua 0.01 nu

&2 o - d (a o
way wanedagu Inniton laoan laadSum 0.04 nw

a-12 uruenawan lnmisienlaoenled ( Degussa P25 ) USanas 0 niu - wanedaugu

Tnmsienlaeenlss UYsia 0.05 n5u

T ScanSpeed 2§ ENT=1000kV  Gignal A = GE1 Duta 127 Fob 2014 o Soen Speed = § EHT = 10.00W/  Signal A= SE{ Dute :27 Fah 2014,
| WO® 10mm  Megw 150X Time 154206 e ' WO s 10mm  Mag=r 500X Time 184524

X150 X5000 -
5U# a-12 7w SEM voauruenaunanedug i lnmidionlaeen laddTuim 0.05 niy uag

Tnmnitlon laeonlod ( Degussa P25 ) UTum 0 A5



MARHIN N

99



100

¢ o d o w A s Jdy a
wWosidudmstidaadansicridenszuiumalnlanzas lada

msmsinalnmiisslaeenlad (Degussa P25) Rivianzan

urdenaa
M | Absorbance | ioiFua
(W) (A) (%)
0 0.575 0
30 0.542 N/A
60 0.546 N/A
90 0.547 N/A
120 0.545 N/A
150 0.538 N/A
180 0.555 N/A

a dd o w A w da as g L= 1 l.
M13197 3-1 Hﬁﬂ«ﬂﬂﬁ!“]J'uﬂﬂ'liﬂ'ﬁ]ﬂﬁﬁqmiﬂlxﬂ@uﬂ‘[ﬂﬂ’]iuuﬁlﬂﬁuwutﬂ\uﬂa‘]

o

Y @ w 1 1 o o fa as gy o
71 a1 nsmlanwduiussendnmmsganfuuazinarlumsiidaddunsizriaua ldans-

LR NICHTTRRIUI R
upvenawas lnnilealaeen laa
(Degussa P25) 31 0.01 n5u
m Absorbance !ﬂgﬂeﬁuﬁ'
(W) (A) (%)
0 0.579 0
30 0.464 19.86
60 0.379 34.54
90 0.303 47.67
120 0.215 62.87
150 0.139 76
180 0.081 86

o

-':;. d g L4 o a o da as gy oy T 1
N34 3-2 !.LfTﬂQL“lJE]iL‘ﬁNﬂﬂ'I'iﬂ‘l‘\)ﬂﬁﬁ\‘lkﬂ'ﬂz‘i"iﬂuﬂTﬂﬂ’]iMH%I@\‘]LLN‘HEJNLLHMUNW?T?J

Tmidlonlaeonlad Usuim 0.01 nu
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o

Y v o d T 1 o oo da a o
Ui a2 anwanuduiuiszrindimsganiuaznalumsiisaddunngioud 1dnis

[ = d |a a
wuodHuenay Inmilon laoon lad Usuia 0.01 Ny

st -

uruenawas lnmisieslaoonlad

(Degussa P25) 3ana1 0.03 nFu

a1 | Absorbance | 1lofifua a
(W) (A) (%)

0 0.561 0 i

30 0.401 28.52

o1 e N .

60 0.268 52.23 zaj’"“ e i s
0 = S e == 3% R
120 0.115 79.5

150 0.055 90.2

180 0.028 95.01

o

a s d o & a o da asy oo ' v
19141 3-3 Ll’dﬂﬁlﬂﬂ'iL"]fuﬂﬂ'l‘iﬂ'i"lJﬂ’ﬁi‘NLﬂi'lzﬁﬂuﬂTﬂﬂ'l‘iﬂJu“UElﬁLLNuU'NLLN‘HUNW?{N

Tmision'leoon lad USuial 0.03 ns

[

! o o o T J [ ar da as gy J
U7 a3 nsmlanuduiusszninammiganiuuazna lumshidadduangrioualoas-

=) 1 =1 d |a a
TuvpamWueaweay oy laoon lod YSuia 0.03 p5y

urvenawaainmieslneenlaa
(Degussa P25) Y3 0.05 n3u
a1 | Absorbance | tJosidud
(¥171) (A) (%)
| 0 0.594 0
30 0.454 23.57
60 0.327 44.95
90 0.226 61.95
120 0.122 79.46
150 0.08 86.53
180 0.058 90.24

o

d' d o 4 o A W da as g oot ] '
A13149N -4 l!.ﬁﬂ\‘l!ﬂﬂﬂ“lﬂlﬁﬂ'ﬁﬂ'ﬁ]ﬂﬁﬂﬂlﬂﬁ’lxﬂﬂuﬂIﬂﬂTENuﬂlﬂQHNHUTQLLNuU'NNﬁM

Tnmidon'leoon lod USuar 0.05 5w
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Uil -4 nsmlmwdiiuisyninammsganduinznaluns s dunss s ua Tdme.

Huvesrugsnay lnmidion lasen'lad Usum 0.05 nd

urueawasmmiiies lnoonlod
(Degussa P25) USu1as 0.10 nSa
3an Absorbance sﬂa‘fsci‘mf
(W) | (A) (%)
0 0.858 0
30 0.551 35.78
60 0.479 44.17
90 0.242 71.8
120 0.142 83.45
150 0.082 90.44
180 0.02 97.67

o

a s d o o a o Ja A s ' '
A1T19N 9-5 !lﬂﬂ\?lﬂﬂi!‘h’ﬂﬂﬂ'l‘i'ﬂTGﬂﬁﬁQ!ﬂﬁ'WtﬁﬂuﬁTﬁ’ﬂ]iﬂuﬂﬂdl!ﬂuﬂ']\‘l!muEJ'NN?(H

Tnmidionlaoenlod Usia 0.10 nda

Qs

i a-5 psmlmamduiusszuinansganiunaznalums i ddans v suaTdme-

Huveaurivesna lnsidion Taoen lad Usum 0.10 n
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0o W o o da asy = 1 = d =
mMsmanaFunnzrsualimiuvesuruesnad lnnitienlaeenlsa- wane

Foaugrdlnmnidioalaoenlad

T = d
uruenamay Inniden lnoon laa

(Degussa P25) U3 0.04 N5 -

= 7] =1
wanodag1H Iniiias
Tnoonlea U3anas 0.01 n¥n
Jd g d |
a1 | Absorbance | ilosidun | | - |
“ 0s
( u1ﬂ ) ( A ) ( 0/0 ) (17)
0 0.671 0
30 0.589 12.22
60 0.550 18.03
90 0.424 36.81
120 0.358 46.65
150 0.255 62.00
180 0.173 74.22

o sd o o v Aw da asy I ‘ ! o
Maad a-1 uaaaesidudmsfdaddunsersudldnis Tuvswmueaway Innitvla-
Jd |a [ =2 o =1 d (a w
oon loa Usuial 0.04 N34 - wanadagiu Innitlon lason lad Usunar 0.01 n5y
= v o ' ' & o w A o da ag y J
5 91 nsmlanuduiutszniemmsganiuuasna lumsiidaddunseioualing
=) 1 = 4 A o =] o =)
fuvearusanay iy lasenlad USuw 0.04 nfu- winedugiulnmidionls

d |1a s
oon lwd Usuie 0.01 nSu
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] a d
urvenanas lmniienlaeenlaa
(Degussa P25) 31194 0.03 nu -

= (Y] =
wanedagIH il

Taoenlad USura 0.02 n3u

a1 | Absorbance | Wedidud
(W) (A) (%)
0 0.884 0
30 0.760 14
60 0.715 19.12
90 0.576 34.84
120 0.522 40.95
150 0.386 56.33
180 0.193 61

a /d o o w A w da asy Jda ' a
3190 92 uaaslefifudnmssidaddunsizioud Inasiuvesusuiawey Inmitioy la-
¢ |a W as Jd (a o
oonlad USua 0.03 nu - winedugiu lnition laven lag U5ua 0.02 N5
d’ w w 1 T A o @ & o da as gy o
U7 92 nsmlanwduiussendeaimsganaunaznanlumsdidaddauaszioua lnag
= 1 = d & o = @ =
fuvosurusieway lniflonlaeen lod USuim 0,03 nfu- winedugiulnmidey’la

d |1a )
200 lara U534 0.02 PFY



106

1 = d
uruenawan lnmitionlaeenlsa
(Degussa P25) Y3114 0.025 N33 -

= o/ =
wanedagIu Inmies

Yavenlwa USuna 0.025 nSu

am Absorbance wWesidua
(wf) (A) (%)
0 0.562 0
30 0.515 8.36
60 0.448 20.28
90 0.408 27.4
120 0.385 31.5
150 0.311 44,66
180 0.280 50.18

=i d o o 0o w = w da as gy o 1 ~
M19149% -3 LLﬂﬂﬂLﬂﬂiL“ﬂUﬂﬂ'ﬁﬂ']‘i]ﬂﬁ'ﬁﬂlﬂi’l&iﬂﬂuﬂTﬂﬂ'l'i‘JJu‘UﬂQLLN‘HU'NWﬁﬂJhl“l"lmtuﬂilllﬂ-

d |a [ = o = d A Y
pon lad USuna 0.025 afuranedugiu Tnmiflon laoon laa Usuia 0.025 niu

ot

{ v W d 1 1 0 - o da a 4
U7 93 nswlanuduiussenduaimsganduuaznarlumsiidaddunneisud idms

=3 o

Huvowrusaway Inmiloylaoen lod YSua 0,025 nfu - wanedugiulnmiiionla

¢ |a @
200 lara 1SN 0.025 NS
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uruenawas Inmisiealaeenlue
(Degussa P25) 31e1 0.01 n3%u -
= o =
wanedag v lnmitie

Javenlua USuias 0.04 n3%

nan Absorbance o3 Nﬁ'

(W) (A) (%)
0 0.88 0
30 0.82 6.81
60 0.752 14.54
90 0.736 16.36
120 0.691 21.48
150 0.57 35.23 i
180 0.516 41.36

d'. d o o 0o @ A da as y gt [ =
M990 9-4 uapalesiFudnsiiaddunnzioud Tamsiuvessunaway lnniilen la-
d A o = o = d 1a o
pon lad USuim 0.01 n3u - winedugiu Inmitlenlaoen laa USura 0.04 niu
o v w 1 1 A 0w o o da as y o
510 9-4 nswlanuduiussznitmnmisganautazna lumsiidaddunsgioud Inms
= ] = o a ar = o =)
fuveamueanay lnmidivnlavonlad USua 0.01 afu - winedugiuInmilivula

d e o
pon loa 15w 0.04 N5Y
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1 = d
unuenawad lnmidenlaeenlaq
(Degussa P25) Y3110 0 n3% -

=5 [¥) =1 d
wanedaug v lmniienlnoon lyd

US3e4 0.05 n3N

a1 Absorbance wosidua
(W) (A) (%)
0 0.577 0
30 0.549 N/A
60 0.532 N/A
90 0.534 N/A
120 0.558 N/A
150 0.518 N/A
180 0.541 N/A

P a o o (4 o o o o da asy ot 1 =
M15197 0-5 ueraalesidudmsiitaddunsizioud Idmstuvesudunanas lnndlon la-
d |a ) = W a d (A @
pon lad USuim 0 a3 - nanedagiu Inmidlon laeen loa U5 0.05 iy
a v o 1 1 A - da asy o
507 9-5 nswlanuduiusszninamimsganauuaznar lumsmiadduazioudnng
= [ = d & [ =] o =1 4
Huveurunanas Ity laeen lad USua 0 asy - wanodug v lnmidlonlaoen lua

1S9 0.05 NFU
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= -7 Jd adA 1 = d =2 (%)
ﬂ15ﬂ'l‘i]ﬂT;Tﬁﬁlﬂ'51;‘51‘1!317]i’l'l«!UgﬂlEN!&NuﬂTﬁNﬁNﬂﬂ!ﬂIUHﬂqﬂﬂﬂﬂﬂmﬂ - HanaaugIH

Ynstenlaeonlaa

1 = d
unuenaway Initialaoonlaa
(Degussa P25) Y3121 0.05 n5u -

=S s =
nanodaug1u Inmidios

Taoenlasa Ysua 0 nSu

d g d
1 Absorbance nJmmm 3
:
( wIh ) (A) (%)
0 1.958 0 ; !/ﬁ\\l ?
30 1.032 47.29 * N \
60 0‘605 69.10 0 mm--—-—--m-m-"".’”’:"‘E‘N” - “". MYMWT=MZ(:;¥..\»E
- 500 50 70
90 0.313 84.01 |
120 0.287 85.34 oo Ty e i e i
150 0.241 87.69
180 0.191 90.25

o d < o o o o W d as " =
M1 a-1 uraudesiFudnsmiaddunszdiuiauuguosnkueranay Inniieyla-
d |a o = o =t d (a o
a0 la@ U51as 0.05 5 - wanedaugiu Ininitlon laoon laq 15um 0 N5
1 v o 1 1 o @ o o d  adg
sUf a1 asmanuduiusszninmmsganduuaznalunsiisaddunsizdmnauug
[ =1 d 1a o/ as o
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!LN‘MEINNET?“TIWI!HEIN“QBﬂﬂulmﬂ
(Degussa P25) 31184 0.04 N3 -

= o =
Nnﬂaamgm"lmmuﬂu

laoonlad 1Su1a0.01 nu

13a1 | Absorbance iﬂﬂg iFua
(i) | (A) (%)
0 2.089 0
30 1.011 51.60
60 0.728 65.15
90 0.539 74.20
120 0.349 83.30
150 0.312 85.06
180 0.268 87.17

¢; d o d o o o w s aed i =t

Mm99 a2 uaaudesidudnissiiaddunszfiuituugueskiuesnan lnonifoyla-
Jd |a s = @ = g |a o
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voauruanay o laeen lad USuia 0.04 nfu - winedugiu nnidionlasenloa
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1 | Absorbance | 1osidiua
(W) (A) (%)
0 2.013 0
30 0.904 55.09
60 0.635 68.46
90 0352 82.51
120 0.311 84.55
150 0.208 89.67
180 0.082 95.93

-

a s d o o w ¢  aa , -
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Tavenlwa USuas 0.025 nu

(381 | Absorbance | tosidun
(¥I1) (A) (%)
0 2.019 0
30 0.969 52.00
60 0.690 65.82
90 0.474 76.52
120 0.319 8§4.20
150 0.216 89.30
180 0.156 92.27
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1 = d
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1381 | Absorbance wlesidua
(W) | (A) (%)
0 2.014 0
30 0.799 60.33
60 0.46 77.16
90 0.324 83.91
120 0.27 86.59
150 0.182 91.00
180 0.151 92.50
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