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SARUNYA TONG-UN : TREATMENT OF CARBON MONOXIDE IN
PHOTOCATALYSIS PROCESS USING TITANIUM DIOXIDE
NANOTUBES. THESIS ADVISOR : APICHON WATCHARENWONG,

Ph.D., 135 PP.

TITANIUM DIOXIDE NANOTUBES / PHOTOCATALYSIS /

CARBON MONOXIDE

This research is air pollution treatment by photocatalysis process. Air
pollution has effect to environment and human health. This research focuses on the
treatment of toxic gas “carbon monoxide”. The studies consist of two parts. Part 1 :
synthesis of titanium dioxide nanotube. Titanium plate with different size 1, 2.25, 4,
and 6.25 cm? was used as substrate in anodization process. The morphology of TiO,
nanotubes was quite similar as proved by Field Emission Scanning Electron
Microscope (FESEM). 4 cm? titanium plate was selected to use in the next
experiment. Effect of anodization time on nanotube morphology was studied; 5 hour
anodization gave uniform surface of titanium dioxide and gave highest photocurrent
density of 0.044 mA.cm™. Part 2 : study of treatment efficiency of carbon monoxide
by photocatalysis process using titanium dioxide as catalyst. Titanium dioxide
nanotubes prepared with different anodization time 1, 3, and 5 hours with UVA
irradiation was studied and found that the treatment efficiency was 25%, 32% and
44% respectively. Treatment of carbon monoxide using a catalyst of titanium dioxide
nanotubes can respond with both UV light and Visible light. Moreover, the study of

the Kinetics parameters in photocatalysis by Langmuir - Hinshelwood equation was



Investigate.d. The reaction rate constant (k;) was 0.4604 ppm per minutes and

Langmuir adsorption constant (K.) was 0.0056 per ppm.
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. Initial reaction rate, (r,)
C, (ppm) | k anp (min ) B /1, 1/C,
(ppm. min )

50 0.00203 0.1015 9.852217 0.0200
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200 0.00134 0.2680 3.731343 0.0050
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500 0.00061 0.3050 3.278689 0.0020
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c, (fid) t,, (W19) t*, (U19) A t, (1)
50 323.140 341.452 18.321
100 377.420 450.096 72.676
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(% o ) Y ~ 1 v o
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= @ @ dy AAa o 1 Aaan ~ 9 a
20 Toad Hanazlumsue Tulamdy s 57 Tus Wudrmausalgnsenld 20 msrasudmag
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(VUIR 4 MINUFUANAT 5 UAY) NANVTUTUTUAUVDINFAITUOUUDUDN LA 200 WD

[ = 4 v J
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A a d
f.1 M31¥1n309 Potentiostat 14NI5IATILTi Photocurrent density

a 4 aan Y =1 d' a o 1
MsauaTzinmsaovaueslfnser lufluaiiveas imesduieanuasovenns
aan J ' 1 1 o A A,
Ugnsen lmmiisnlasen lyauuuneu Tulumsaevauesasunassuiaueds Tasldi5ms
v ad A a X Py . > O
Taoranaseunatulugiuesnszua Ivilh Photocurrent density #a99INNITNTZAUAIINIS

] @ J aan 4 1 @ [ J
ﬂWt’JLLﬁ’\iWWuﬂ’JLﬁﬂﬂ;]ﬂﬁt’ﬂul“l/ll“l/llf!ﬂllklﬂﬂﬂﬂll“ﬁmm‘]J‘VI?J“LHIU Tagordevann1sveatsaa

[ Y Y Y Y
il T Falsznoudae 3 vald#lh Ae 42 TW 1Fu T2 wazar 1WA 81989

¥
A Aa o

(Reference electrode) Tao1Furu Inmitionlason laduuuviou Tu wuididuswlfazenl

Re

a 1 I & Y 9 a o 1 I 2 Y 1 a J Aa 4
4 s rusuauas aodluan i ldau uwaniuaodud 1M uagFanos-sanos
P < 2 o . 2 2

Aao 138 (AgAgCl| saturated Sodium chloride) 11uaia TW#H181989 qua Tl 3 aslu

o o . 14 {

arsazarvi Wi TmAeudsama (Sodium sulfate Na,SO,) Auudu 0.5 Tua1s @rsazaien

o ] 1 a 9 I ]
T¥azgmirliihlaeendiou (Deoxygenated) Tnaldma lulaswuiunatediaios 20 i
1 4 1Y 4 a

nazaotad Il uatinuasosTnnusToaian (AUTOLAB  PGSTAT30  serial

A @ a & =R ) Y A 1 1 [ Y4 ] 9 ~

no.. AUT72134) NA8NUABNNIUADIFINIHUA IHADES) LNNAIAUANANIDE19%19 N

Aa A 1 A o 1

5 4aa aane N laemruan Start potential Stop potential Step potential LI Scan rate
1 % 4 4 4 1 Aa =1 o w 1 o a

10U -0.2 1789 2.0 1284 0.005 1726 1Az 0.005 17aAa0IUIN AUEIAY TAgLHAIN 1N
A 9 1 ] . 4 v I R [ o 1

waanloglugaanaav1y (PHILIPS Essential Halogen 12 19861 50 30161 $3081199100134

Ufnser lnidionlaeen leduuuneurTudlszuna s iwudmas Tasiinisaruauld lall
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2.1 1A309i(0 X-ray Diffractrometer (XRD)

A A . @ 2 v ad ¢ A oo
INT9IU® X-ray Diffractrometer (XRD) 91ANITLAYUUUUDITIFDND LUDIITAN

= 9 [
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v A J @
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a1 ﬂ]i]ﬂ!!ﬁﬂﬁ%ﬂﬂﬁﬂﬁﬂ]iﬂﬂﬁﬂﬁ

A1TN R.1 AANTTNADIYANIVAY

lifigusalgnsen
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4 v
HagIe Mercury Lamp AIME1IAAY 365 W TUINAT YUIA 250 TAA HIOUAIV)

(visible) Halogen lamp Y11@ 150 306 NIAUBIAAULETITLHIN 400 -760 U1 TUINAT

o ¢ ¢ 9
ﬂwmimumuaﬂ”lcmmmwu

9 A

9y A g
VHLITUAU 200 NNLDY

Y 9 9 4 ¢ A g
ﬂ’nmﬁum}uﬁumm%’miu@u‘uﬂu@ﬂ“lcm (WNLBW)

5202101
lumsaeuas Hage a1 Awua)
(1) At 1 A%ad 2 ASad 1 A%ad 2
0 211.9 215.5 202 198
10 210.6 212 201.6 1974
20 209.6 210.8 201.2 196.6
30 208.8 2109 200.9 196.3
40 206.1 208.9 200.2 195.8
50 204.7 207.1 200 195.2
60 202.2 206.2 199.6 194.8
70 201.4 205.2 199.1 194.3
80 200.1 204.9 198.4 193.6
90 199.4 203.4 198 193.2
100 198 202 197.4 192.8
110 196.6 201.2 197.1 191.9
120 195.3 200.1 196.6 191.2
150 193.1 197.9 194.6 190.4
180 190.1 194.5 193.5 188.9
210 188.8 191.8 192.4 187.4
240 187.4 190 191.7 186.1
270 186 187.8 190 185.2
300 183.9 186.3 189 183.8
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4 v
Llﬁ\igalﬂ Mercury Lamp ﬂ'ﬂmﬂ’nﬂau 365 W1 TUINAT VUIA 250 IAA ﬁ%@!iﬁ\i%’]?

(visible) Halogen lamp ¥U1A 150 3NN NUANNYIINA

o 4 J Yy 9 A
ﬂwmiueumu@ﬂ‘lﬁmmmmmmiu

v I Aa

£y

=\

#1200 W

1
A

a g
Wiay

UUAITZHIN 400 -760 U1 1UINAT

STy qmm_]ﬁ (mmmm%a)
Tumsmanas Hege uerav1y (Aia)
(1) atadt INE Asad 1 At 2

0 32 36 35 34
10 36 39 37 35
20 41 43 41 38
30 47 48 44 40
40 51 54 45 4
50 55 60 46 45
60 58 63 48 47
70 60 64 51 50
80 61 65 53 51
90 62 65 54 52
100 63 67 55 53
110 63 67 57 54
120 64 68 58 55
150 64 68 62 58
180 65 68 62 59
210 65 68 62 60
240 65 68 63 61
270 65 68 64 62
300 65 68 64 63
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o w & 4 ¢ [ Aaan
M58 0.3 Hamsnaasahitanasasueuneuen lad lunszuiumsisalfnsedloud
I'4 [ { I g [
Tagld Inmidiey lason leauuuneur Tunldszeznarlumsdunsiziananu
@ [ aan 4 1 a
- ausulgnser inmidienlaeen lsauuuveu Tuvuia 20 519 UAINAT (VUIA
a [ o
4 INUFUANAT FUATIZH IUA1TA2A18 0.30 M NH,F 11 Glycerol : H,0 (60 : 40)
1 1 v J S A 9 [ g [ < o
AANUANNANEG 20 1729 N1FszeznalumsdunsIZHa1eany 1 3 1ag 5 %2 199 91U
5 UHY)
4 v J
- WAy Mercury Lamp ANE1INAY 365 W1 THIAT 41IA 250 T4

[ s 4 Yy 9 A 9 Aag
- ﬂ1“]5ﬂ151|@u1]'01!@ﬂhl"lfﬂﬂfﬂulﬂ]llﬂluull@u 200 NNIBY

5202101 ANnutuTuveImsmsueuueuen o (WD)
Tumsnieues 1 T4 39970 5 32T

(11M) ﬂf?aﬁ 1 ﬂ%ﬂ‘ﬁ 2 ﬂ%ﬂ‘ﬁ 1 ﬂ%ﬂ‘ﬁ 2 ﬂ%ﬁ‘ﬁ 1 ﬂ%y’aﬁ 2
0 2043 207.2 206.3 201.2 205.2 207.3
10 201.4 203.6 201.5 196.8 195.9 198.3
20 194.4 199.3 195.4 191.9 181.5 190.4
30 192.6 196.7 191.6 186.2 177.8 186.6
40 189.7 193.6 188.5 181.4 173.1 182.4
50 187.7 190.3 185.4 178.3 170.9 180.3
60 185.4 188.4 182.5 174.5 167.6 174.9
70 184.3 186.5 179.3 171.3 167.7 172.1
80 182.5 184.7 177.5 169.2 165.5 168.9
90 180.8 182.1 175.8 166.4 158.5 166.2
100 178.5 180.3 173.1 162.8 156.8 163.6
110 175.3 178.8 171.1 160.1 153.5 160.8
120 172.2 177.1 169.4 158.3 151.2 159.3
150 167.2 174.8 164.3 153.3 142.8 151.6
180 162.6 172.5 160.9 150.4 132.4 155.8
210 160.5 169.4 156.4 147.2 125.5 150.1
240 157.5 166.8 151.5 144.5 119.4 143.8
270 153.6 163.1 146.7 141.7 113.8 1374
300 151.4 160.4 141.4 138.8 104.2 132.1
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1 o A ] o o o o
A9 N4 HANINADINIANYINAVDILH AT U ALAIAoNTITAMFAIS UoULBUDN Lyd
MeNszUIUMISHNseIdemas
% 1 aan =\ I'4 1 a
- ausulgnser lnmidion lasen laduuuneuTu yuia 20 ms1azuaas (VU9
a [ o
4 MINTFUANAT TUATIZHIUAITaZA18 0.30 M NH,F 1u Glycerol : H,0 (60 : 40)
1 [ v o ¢ A 9 [ 4 ] o ]
AANNANANY 20 1280 N1FILezNA TUMTTUATIZHT 5 B2 109 IUIU 5 LAY)
4 [ 4
- U@IgIO Mercury Lamp A210819AAU 365 UITUINAT YUIA 250 TAA HIOUAIV)

v JAA A

(visible) Halogen lamp YU1A 150 919 NUAMVIIAAULEITEHIN 400 -760 W1 TUILAT

- maaiueuneuen laaanuutuEudy 200 ANBY
sEzM ANuduTuveImMams ueuuouon lud (DY)
Tumsnigua HaagIe v (3iia)

(1) A%ait 1 adaft 2 Asad 1 NEE
0 205.2 207.3 201.2 198.8
10 195.9 198.3 200.1 1922
20 181.5 190.4 198.7 190.1
30 177.8 186.6 197.5 185.1
40 173.1 182.4 195.7 181.9
50 170.9 180.3 194.2 177.7
60 167.6 174.9 190.7 175
70 167.7 172.1 189.5 174.2
80 165.5 168.9 187 172.7
90 158.5 166.2 184.4 171.9
100 156.8 163.6 182.4 171
110 153.5 160.8 180.5 170.2
120 151.2 159.3 178.8 168.8
150 142.8 151.6 170.3 164.3
180 132.4 155.8 167.5 162.4
210 125.5 150.1 163.3 160.5
240 119.4 143.8 161.3 159.1
270 113.8 137.4 155.8 157.8
300 104.2 132.1 150 155.6
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= o d' 9 901 Y 1 aan = I'4 1
M 0.5 HaMsANEIHavest IUToUN I9ahd s algns en Tnmidion laeon laauuuvew Ty
1 o w ® 14 S Y 1 Aaan 9
aomstiamsmi uouueuen lsaaenszuIumMs AT ed oL
@ 1 Aaan I'4 1 a
- ausulgnser lnmidion lasen laduuuneuTu yuia 20 ms1azuaas (VU9
a @ o
4 INFUAINAT TUATIZH IUE1Ta2a18 0.30 M NH,F 1u Glycerol : H,0 (60 : 40)
1 [ v o ¢ A 9 [ 4 ] o ]
AANNANANY 20 1280 N1FILezNA TUMTTUATIZH 5 52 109 IUIU 5 LAY)
4 v J
- 1A Mercury Lamp AUE1INAY 365 W1 THINAT AUIA 250 T4

[ s 4 Yy 9 A g9 Aadg
- ﬂ1“]5ﬂ151|@u1]'01!@ﬂhl"lfﬂﬂ'ﬂlllellllslluﬁll@]u 200 NNLBY

J2H201 ANuduTuveImMams ueuuouon lud (DY)
Tumsaeuas (ui) adait 1 A%ad 2 A%ad 3 A% 4 a%ad s
0 50 534 56.7 51.7 55.2
10 49.2 53.1 554 51.1 54.3
20 47.7 52.4 54.7 50.2 53.7
30 46.4 51.8 53.6 49 52.5
40 45.6 50.9 52.6 48.7 51.3
50 44.3 50.2 51.8 47.3 50.4
60 43.9 49.5 50.5 46.2 48.8
90 40.9 46.8 453 42.4 45.8
120 37.6 43.5 41.3 394 42.1
150 33.6 394 36.7 37.6 40.4
180 30.5 35.8 32.1 34.6 37.5
210 27.3 31.5 28.3 31.4 34.4
240 23.9 27.1 24.5 27.7 30.4
270 20.1 23.6 20.7 24.2 27.1
300 17.6 20.5 15.8 22.1 24.5
330 14.2 16.8 12.1 18.8 21.6
360 11.7 12.5 6.9 15.5 19.1
390 8.2 8.9 2.1 12.1 16.4
420 4.8 5.1 0 8.7 13.5
450 1.9 1.8 0 4.5 10.2
480 0 0 0 3 7.8
510 0 0 0 0 3.2
540 0 0 0 0 0




1 o o o o J
ATTN N.6 Waﬂ'ﬁﬁﬂ‘kﬂﬂWQQHWQﬂWﬁ@iiuﬂWTU']‘Uﬂﬂ']“]iﬂ']gﬂﬂuuﬂu@ﬂllﬁlfﬂ

Tunsgurumsisalfisondioueaslaeld lnmitionlaeen leduuuvourTu

124

@ J aan 4 1 a
- ﬂ’)ljﬂTJ;]ﬂi‘t’ﬂul“lﬂl“l/llﬁﬂullﬂf)’é]ﬂulﬁliﬂuﬂﬂ‘ﬂ@uWIu YUIA 20 AT NUFUALUAT (VUIA

a [ J
4 MINFUANAT TUATIZH IUT1T020180.30 M NH,F Tu Glycerol : H,0O (60 : 40)

1 [ v o P 9 I 4 ] o 1
AANNANANY 20 1280 N1FILezNA TUMTTUATIZH 5 52 109 IUIU 5 LAY)

4 o
- Llﬁ\?g%l@ Mercury Lamp ﬂ')’]ﬂJfJ’]'Jﬂau 365 W1 TUINAT YUIA 250 IAA

[ ' s Yy Yy A g9 ]
- ﬂwmsuaumu@ﬂ”lcmmmwmmmmu 50 100 200 300 400 L 500 WNLBDU

520Y ANnutuTuvesmsmsueuueuen . (MDN)
nal SO MMBY | 100 WADN | 200 WWDW | 300 WSy | 400 WAON | 500 WiDY
AL adai adadi adai adai adail adai
) | 1| 2 1 2 1 2 1 2 1 2 1 2
0 53.7 | 51.7 | 105.8 | 110.1 | 2052 | 211 {3333 | 3322 | 412 | 408 | 500.7 | 507.3
10 524 | 51.1 | 1042 | 1089 | 204.1 | 207.4 | 330.1 | 331.5 | 408.4 | 406.1 | 497.4 | 506.3
20 51.7 | 50.2 | 102.8 | 107.5 | 203.1 | 200.5 | 328.2 | 328.1 | 406.5 | 404.5 | 492.3 | 504.9
30 50.6 49 | 100.5 | 106.4 | 201.9 | 200.7 | 327.4 | 322.0 | 402.7 | 401.5 | 487.4 | 503.7
40 49.6 | 48.7 98.9 | 105.1 | 200.4 | 195.8 | 325.8 | 318.9 | 397.8 | 399.8 | 484.2 | 502.4
50 48.8 | 47.3 97.5 | 103.8 | 199.5 | 189.8 | 323.6 | 314.1 | 391.8 | 397.8 | 478.7 | 501.5
60 475 | 462 | 963 | 102.1 | 198.4 | 186.7 | 321.4 | 306.5 | 389.7 | 394.4 | 471.4 | 499.9
70 463 | 449 | 959 | 1014 | 196.1 | 1854 | 319.8 | 302.4 | 388.5 | 391.6 | 470.1 | 498.4
80 44.1 | 435 | 942 | 100.5 | 193.4 | 1844 | 317.5 | 299.4 | 387.4 | 387.4 | 467.2 | 496.7
90 423 | 424 | 92.1 | 99.7|190.5 | 183.5 | 3162 | 297.8 | 386.5 | 383.9 | 464.1 | 4953
100 | 41.1 412 | 90.8 | 98.7 | 198.4 | 182.7 | 314.4 | 296.4 | 385.4 | 380.1 | 462.1 | 493.8
110 394 | 40.2 88.7 96.9 | 1924 | 181.4 | 311.7 | 293.1 | 383.9 | 377.1 | 458.2 | 492.7
120 383|394 86.5 94.6 | 183.5 | 180.5 | 309.6 | 288.7 | 382.5 | 374.6 | 456.3 | 491.5
150 33.7 | 37.6 79.8 87.5 | 177.6 | 176.4 | 301.5 | 280.1 | 378.4 | 366.4 | 447.1 | 486.7
180 29.1 | 34.6 75.1 82.3 | 168.7 | 167.2 | 293.7 | 271.3 | 369.2 | 357.9 | 439.4 | 481.1
210 | 253 314 | 663 | 755 |159.7 | 1589 | 285.6 | 263.4 | 360.9 | 349.4 | 428.7 | 476.7
240 | 215277 | 584 | 703 | 147.1 | 1424 | 2762 | 256.3 | 344.4 | 341.6 | 4202 | 47222
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Abstract
This research stadied treatment of carbon monoxide (CO) in photocatalysis process using TiO, nanotubes as catalyst.
TiO, nanotubes were prepared by anodization method. Morphology of TiQ, nanotubes was characterized by scanning electron
microscope (SEM) and photocurrent density of prepared catalysts was examined. Photolysis reaction was investigated and

comparison of catalyst area (4 o’ VS 20 cml) and light source (UV V5 visible) were described.
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