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According to the study of N. Muangtrairat and et al (2011) in the topic of
“Development of Nano TiO, Coating Material on Stainless Steel”, the result shown that the
oxidation of stainless steel was occurred at high temperature. Therefore, anatase and rutile phases
also happened. This research also suggested the highest temperature where no oxidation reaction
was 250 ° C. Continuously, in this research we synthesized TiO, coatings at lower temperature
(80 ° C). Moreover, there was the comparison between TiO, doped by S-N and Ni-B using the
same procedure at low temperature. The method was divided in to 2 parts; the first part is to
develop the process of synthesizing at low temperature of titanium dioxide, titanium dioxide
doped by S-N and titanium dioxide doped by Ni-B. The sol-gel process was as follow; refluxing
at 80 ° C by condensing the solution vapor with water cooling system at 3 to 5 ° C for 4 hours.
The titanium dioxide was the obtained after oven-dried at temperature of 80° C for 24 hours. The
powder were identified as anatase after XRD spectrum. The second part was the comparison of
different titanium dioxide films which were synthesized by the same procedure above. The
comparison films were titanium dioxide, titanium dioxide doped by S-N and titanium dioxide
doped by Ni-B. All films were dip coated on stainless steel (AISI 340). To improve the adhesion
between titanium dioxide films and stainless steel substrate, silica films was used at bonding
layer. After dip coating all TiO, films were dried at 80 ° C for 2 hours. All films were
characterized and investigated on wettability by measuring contact angle and photocatalytic
reaction by studying the decomposition of methylene blue and Escherichia coli (E.coli)
inhibition. The result found that TiO, doped by Ni-B was hydrophobic with contact angle about
137 degree under normal light and 133 degree after 60 minutes of ultra-violet light radiation.
Methylene blue decomposition rate and E.coli inhibition rate were quite equal or lower in
compare to undoped TiO, . In the meanwhile the S-N doped titanium dioxide film had the contact
angle about 77 degree after 60 minutes of ultra-violet radiation. Moreover this film was the best

in methylene blue decomposition and E.coli inhibition.
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System Tetragonal Tetragonal Orthorhombic
Temperature (°C) 25 25 25
a(A) 4.593 (2) 3.7842 (13) 9.174 (2)
b(A) 4.593 (2) 3.7842 (13) 5.449 (2)
c(A) 2.959 (2) 9.5146 (15) 5.138(2)
o(deg) 90 90 90
[(deg) 90 90 90
Y(deg) 90 90 90
Unit cell volume (A”) 62.42 136.3 257
D, (g/em’) 425 3.89 4.13
Space group P4,/mnm (No.136) | 14 /amd (No.141) | Pbca (No.61)

nan: Meagher, E.P; Lager, G.A. The Canadian Mineralogist. Horn, M.; Schwerdtfeger, C.F.;

Zeitschrift fur Kristallographie 1979, 17, 77, 1972,273
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Mixed solution

pH2

l<— Condensation 2-3 °C

Refluxed 80 °C, 4 h

v

TiO, sol

v

Drying 80 °C, 24 h

A 4

TiO, Powders

A4

- Characterized by XRD and

UV-Visble DRS

a
N

v

Dip coating on 304 SS

\ 4

Drying 80 °C, 2 h

\ 4

- Photocatalytic reaction test

- Characterized by XRD and UV-Visble DRS

~ a d = s A Y 9 ax
2.2 mimmumuazwaumwmllmmuau‘lﬂaaﬂ'lcmm%ama 5 %mol S-N 38735 T%a-ma
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A
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A4
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pH2

\4

<+— Condensation 2-3 °C

Refluxed 80 °C, 4 h

v

Drying 80 °C, 24 h

A 4

TiO, Powders

A4

UV-Visble DRS

- Characterized by XRD and

\4

Dip coating on 304 SS

A 4

Drying 80 °C, 2 h

A\ 4
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- Photocatalytic reaction test

- Characterized by XRD and UV-Visble DRS

! a e 7
31 2.3 M sunanazilduinaves Innidisy laeon ledniven s 5 %mol Ni—3 %mol B 41y

an
7% lwa-wa
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Absorbance i 1#3171A399 UV-VIS spectrophotometer

252 1§5e I launnzladnvesflanInmifisanlaeenladlunisdesaaradves

as
nauug

o A o J A Aa aa 1 o
Wusiduuganududu 1x10° TuarsSum 40 Tadans lalusuuiladnvue
Y VoA A A v = P ~
N39n5zVN MNUIdIesTduLemasudle Tya lnmitienlaesn lud, Tvalnmidienla
Jd a = Jd a . A Aa
200 15AAN 5 %mol S - N taz Tsa lnniioy laoon lsdidu 5 %mol Ni - 3 %mol B ¥UIANUNAD
[ a U an Yy 9 -6 I A A aa
A 6x6 MINTUANAS IdesazaremRauugiudy 1x10° Tuans Usuas 40 Hadaasasly
) A 1 o 22 Y . AA g o A
Tagliasazaamwnauugniumanaguay mndwi hnaluidaduna 1 9 Tuuegnisga
o Al g ¥y o E) v ¢ Aa E) 2
suveaian aniuihnageumelduas UV 110 a8 NUANMTNLA 3.05 mW/em® Taganu
A ' ~ ° 3 o [l A g o
g1InAUHIUIALE (310-400 W1 Tuwas) Tagyihimsinuaiedanne 30 il iuma 6 ¥ Tuaay
< Y] ] ] d‘ ] o @ 9 9 ~ ~ 9 d‘
NuAI0819a0LHeINNY 3 F2 Tusaunsy 48 42 Tue Jaanududuilasuuilaclidrenios

Ultraviolet-visible spectrophometer (UV-VIS) 1@31/HANNA [iDANYI8ATINTAA8ANMTUIY



24

: v Y H v ' H
mmmmauug Lﬁanmgwuﬁuiﬂaﬁﬁmazmm NAFTDUTUIIUAL 3 AIDYI AR RGRIC GG

v o J 1 an v A !
ANUFUNUTIZHIN ANUdUTUYeIETazmeNauLg (C/C,) MU 1al (hrs) Mlasulaslyl

M3IAUIUNIAT Percent of Degradation vouuiaug Ineldgasasaumsa 2.1

Percent of Degradation =[1 — (c‘(’:—‘c)]xmo . (2.1
0
A
¥\)3}
A Yy 9 A g9 v -6 -5 4
C, A ANUVNVULTUAU ININY 1x10  1ag 1x10 Tlla’li
A Y g = ¢
C A9 ANNUVNUU U INNNATDUY (Tllﬁ']ﬁ)

2.6 nszurumsnasevilfasenlllananzladnlumsdudauaiitavesilasslnmibiaala

Jd
oonlaa
3.’1 = S A
2.6.1 TUABUMIIATUNULATISE

aa Aq 9 A X LA v o & Yo ¢
nuanisenlFlumsnagouno®o E.coli 5uaulagiingo (Ulﬂi‘llﬂﬂ]'m@ulﬂi'lgﬂiﬂﬂ

a S Aa a v a2 o 1 Aa
NMAIFIYAFIINYGN UN1INYIAYTIVAIUATUNT) laasluvasaniioviisiman (Tryticase soy broth)

k4
=

Y o oA a = Id o o z’z’/ o A 9 [
umuﬂﬂuumemwgu 37 DAL RLH T Wuan 24 GB’JI?N ‘Hmﬁ]muumwawummﬂﬁaﬂu

E]

i
= [

a aa o 9 d ]
0.85% NaCl (9 Haaans) Tag143% Serial dilution a2 lneaasunemsduiognlddmsy

=}

Y
lumswnziaeauaiise

=

2.6.2 YUADUMSIAYNDIHITIUMTIMNZIRS VAN

=1

o o Y o [ dy dy < o
hemnsdsagUnlddmiulunmsimizifendo1mi1suie (Macconkey) 50 NN 1
g a 1 v o o A v Jd Qy
azaeluhdugn 1 aasweTihnuudni e lundonnuaunanuau 20 ouanoniineiin
<3| = Y o ' v & Y3 y . < a
e 15 by lanunsanszuenudine Bxiuanniuh lnolugungd 4-5

A BIG L]



25

2.6.3 YuABUMSHUTIMUANISY
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2.7.1 X-ray diffractometry (XRD)
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2.7.2 X-ray Photoelectron Spectroscopy (XPS)

v
a a

3 A a S & A vy wa A
XPS Lﬂumﬂummﬁwﬁmwmmmwuazw ‘]Ji$111il! Vlﬁnﬂﬁﬂclﬁsll’é]iquﬁﬁﬂﬂﬁﬂ"lﬂlﬂllﬂ

v Aa @ a o

] J a o =)
TEAUNIVDIIAR LTU FUA DTUIUDE o9nlsenou Tﬂi\iﬁ%jN‘VIN!ﬂﬁ FUANUTSNNLIAY LA

ADIULOINFIAFUVDI0LADY (AXIS Ultra DLD, Kratons Analylical Ltd)
2.7.3 Atomic Force Microscope (AFM)
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ﬂ‘k]']Tﬂi\iﬁi']\iﬂrﬂilﬁ']‘U!ﬁfJUﬂl@\?WUWﬁ]Lﬂﬁﬂﬂﬁ’]qiﬁuuwW’lu‘ﬂ’lﬁ!ﬂﬁ@‘ﬂﬂ?ﬂﬁ’]i‘ﬂ

@ I Y ] I a .
danszd A laseder udunnaluysng 1x1 a1519 1 IATINAT(AFM, easyScan 2 version 2.0,

Nanosurf)

2.7.4 Contact angle
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doumzannuamnTamuIn o yududed Idanaumsi 2.3
T,=T,+T,Cos@ .. (2.3)
A =2 a J < o o . .
ng AD LUIINHITSHINUDILIINUNY (solid — gas surface tension)

a ' 3 o
T, A9 UTIAIAITTNINVDIAIN VD UNAD (solid — liquid surface tension)

Aa 1 v &
T, A9 L5IAIRITENINNVBAHAIND MY (liquid — gas surface tension)

» ¥ Lo

8 Y v o
sUf 2.9 NTIAYNTUNT

Y

(N30 : http://www.nectec.or.th: 20/8/2557)
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2.7.5 Ultraviolet-Vis Diffusive Refraction spectrophotometer (UV-Vis DRS)

. 3 A A Aq o A A o N Yo

UV-Vis DRS 1ilwnsesilion 1 lumsiamsganfunasvesarsidunsizd ldmuiuuny
[ ] 1 [ =1 4 =\ d A
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= g A . Y I v Y a @
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uaraalugud 2.1 meh ldnaneugesinszrinanaanunnaumsi 2.4
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A 1 1 o ad J.
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31U 2.11 myanid o MIAIF99190UNEIIY (Zhang et al., 2000)
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2.8 aumsoanmatialfnsenmsdesaas

aun3oas Ao malasundasnnududuvesarslulfnsenineziildoasing

malgnseunamsidasundacdie 3919 ngoas1 (Rate  law) N30 dUN159A31 (Rate
. v o ' o a aaa o Yy v Y v &

equation) LEANANNFUHUTIENINBATIMINAUYATNNUANMTNTUVDIATAIAY FITUMS

Ugnsen awnsoll lananeduauasaums 2.5

—d[C
rate = —3L¢ _ K[C]™ ... (2.5)
dt
5‘146@%031];]3%81 (Order of Reaction)
A = 1 anan o o 4
V]3] n=0 ﬂgliﬂﬂﬂiﬂaﬂﬁﬂ1ﬂuﬂﬂﬁuﬂ (qun1g5 2.7)
—d[C]

_ _ 0 _
rate = —— = K[C]° =k ... (2.6)

d[C] = —kdt .7

dedufingasznanm t=o uaz t =t i Andudu [Cl,uaz [C] IRaums 2.8
el =c1-1Cly = - [(kdt = —kt 2.8)
[C]O - O - O - cee .

9 Aaan v W J A
!Lﬁ$ﬁ]3llﬂ’dﬂJﬂﬁ‘]J{(]ﬂifﬂﬂuﬂ‘UﬁuﬂﬂnJﬁiJﬂﬁ“l/] 2.9

[C] = [C], — kt .. (2.9)



do  n=1 eidenhUfimsudunil @ums 2.11)
—d[C
rate = —S = k[C]t = K[C] ... 2.10)

dt

Ed[C] = —kdt L1

HPBUMINIATZHINNA t=0 HaT t = t N ANUTNTY [C],1az [C] AaNMS 2.12
€1 4 t
—d|C| = — J kdt (212
Jicjo i 4L€T = = Js 212)
9 aan (4 [ d[ (%
nazez ldaumslnsensudn wila asauns 2.14
C
nil = _kt . (2.13)

[Clo

[C] = [C]ye™®t - (2.14)



d‘ =3 1 aan % Q.
o n=2 ﬁ]%ﬁﬂﬂ’ﬂﬂaﬂﬁm@uﬂﬂﬁ@ﬂ (AUN19 2.16)

_ —d[€] _ 2
rate = —— = K[C]

.. (2.195)

.. (2.16)

BUNNTATININ t= 0 1Az t=t N ANTUIY [C],uag [C] (FNM3 2.17)

[c] 1 _ ot
f[C]Oﬁd[C]_ fokdt

nazez IdaumsiUgnsensuduaesmuaums 2.19

1 1
1Lk
[C] [Clo

130

[C]  [Clo

. (217

.. (2.18)

.. (2.19)

31



d‘ =3 1 aan % Q.
o n=3 ﬁ]%Liﬂﬂ??ﬂQﬂﬁﬂW@HﬂUﬁﬂJ (AwMs 2.21)

rate = % = k[C]3 .. (2.20)

—d[C] = —kdt .. (2.21)

a a ' A Y 9
DUNNIATETHIN t=0 LA t =1t N ANUUVUUU [C]Ouaz [C] (qun15 2.22)

€] 1 t
f[c]oﬁd[c] = - fo kdt .. (2.22)

nazez IdaumsUgnsensuduaesmuaums 2.24

1 2 1
ERRTSTIN + a= kt . (2.23)

1 2 1
@~ K g T (220
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= s = A Ay . Y (o
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10 0.00 0.00 32.00 23.00 77.33
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0 0.00 0.00 0.00
5 0.00 0.00 44.33
10 0.00 0.00 68.00
15 15.33 25.67 71.67
20 21.00 38.67 77.67
25 33.67 43.67 83.00
30 42.33 59.00 86.33
40 44.00 64.33 91.67
50 47.00 79.33 95.33
60 49.33 81.33 97.00
90 50.33 83.67 100.00
120 54.00 90.67 100.00
150 55.00 92.00 100.00
180 61.00 93.67 100.00
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Comparison Study of TiO, Ni-B and Thiourea doped TiO, synthesized by Sol-Gel

Process at Temperature.
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