R ArTaunAuanaty NEZANUAATNANTZIR

S189IUN15IY

asifntlseans mnvednmiimasenladnmed e lulnsou

d' | [} v aan a Jd
modudusalgnseuasainiag

Efficiency Enhancement of N-doped TiO, for Solar-Light-

Activated Photocatalyst

SAINY  INTADIY

512790394

m‘\!’ﬂll

fnﬂVl"ﬁJUu 1 4 3 1 O b -
L ITREGERTEY _..‘.4.2,..‘:‘ £

aiaAa d d a J
ﬁ1%1ﬂﬁﬂﬁﬂi$§ﬂﬂ AU INYFAITAT

amdumalulagnszoound ugunmsannszii



Solasams madivilszantamves lnndionlaven lanniseds lulasmuieidluduse

aaa a o
Tenaseniing
T GRIER aotiumaluladnszesundudgunnisaiansz
dszsleuddszana 2556 swnulduilasumsanivayu 350,000.00 W
szzanmadses 137 dwe  1amaw2s55s B9 30 fueneu 2556
g YV o o sy
WIMINIATIMs ATy eTNTIY
Aoz ameeaas
a s Qs =} 9 9 )
urINendy  ao1umna Tu TadnsZaomnA UM IsAIANTEL

UNAALD

E4
s

=) Qs a  oa o
TuanSieiiannams suazliulyslse@nsamvesns lnnudienlagen ludld
= @ 1 aaa Y [} =1 o = Liq Y a a o )
Shugausslfasndumedusewiulaniinnuiivy laoenlsanldluFondisdnauiue
a oy = ' Y o ¥ v g
muea uazdedlongimingau iy ulasou udnhlddinszuumsuadisgnua iilu

nawhaq ‘ﬁqmﬂq 6\‘1 ‘H'ﬂﬁ%'lﬂWTNﬂi“"U'Juﬂ'li‘Uﬂﬂ’.)U’ﬁﬂ‘]Jﬂ mm"l.vwmuau"lﬂaaﬂ"lmmm

q

= ' Y o A 8
Llﬁ)ﬁ‘uﬁﬂ YUNRUAN ﬂ1fﬂ¢l‘l_ﬁ§EJ’]ﬂ'IﬁiIBQLLﬂE\"’luIﬁi!‘ﬂu L‘W'EJﬁﬂ‘E’]Wﬁﬂi%‘l’l‘ﬂ‘ﬂﬂﬂt’mﬂuﬂﬁ

a a Ao a A Yy A ' =2 wa
e Gmﬁ{]uﬂ‘liuﬂuua HATNI17198 u"lmvlﬂ‘mmﬂll‘ﬂ!ﬁﬁﬂu‘lﬂﬂi\ﬂmﬂu"l‘WIN G']ﬂﬂy']ﬁullﬂ

L}

9 g/ A Y d’l v 8 g 4 wa tﬂy a 9 4
‘V]'Niﬂ5\1’(15’1\1@]'381?\5ﬂ\'i')ﬂﬂ’lilﬂﬂ')lﬂuﬁﬂﬂﬁi\?ﬁlﬂﬂcﬁ (XRD), @UUANISWUAINWNAB

E

da o 1 - @ {a =Y
yanssenididnaseunuudinsia SBM) ,  JafulidId10mAiln BrunaverEmmett-

~ I's a 9 A a s 9 A v A g 4
Teller(BET)aZ AAT I T I UNTWAWIATBIAATICHTIAWNTLIDILLAIIIADAY (EDX)

St 1 A d ~t

wuwelnnuienlason ladifivualugansawmisuldivnasyninfiianauazil

k4 T 14 : ] b4
A o a X = = =2 < ! o

USUIUNUNRIWNVURIBINUIATNITUANINYY ﬂ'liLN'lLlﬂuuﬁ%38ﬂ11ﬁ"lﬁltﬂﬁﬂu1lﬂﬁﬁ
a = 3 A 1 A A 1 4 A a 42’ P t =
'Ui'ﬁ'?’]ﬁll'lf\‘U‘HLLﬁSﬂTSW@‘]f'JULWﬁJﬂ"liﬂﬂﬂﬂulLﬁQﬂ'lullEJ\H‘HU‘VIL‘W?J‘UN ANy IN1ITevYNAIYT
fouueelsadiull (RhB) ma‘lmuﬂa'ﬂmummuumum 7 A0n309IANINTYHIUVDLES
. R a d 1 L) s v =
(UV-vis spectrophotometer) 91AWANIIATIZHMIT0oAAI0YDITIONNETINTIOUTMHN

X A a 4 a £ & a oy 5
mmlumﬂumnwunaﬂuﬂixmum‘mﬂmaa‘uu1m1uua$meummﬂmej"lujmmu ¥



P a a ' S A g P o
LWnﬂi:ﬁﬁ'ﬂﬁﬂ1W1Uﬂ15ﬂ@ﬂﬁajﬂunwau']ﬂ'lﬂsuuTﬂﬂlaﬂaQﬂlaQﬂHﬂ’]ﬂVlﬂVl“uﬂuvlﬂ'ﬂﬂﬂulc]fﬂ

14
o

- doda 42 2 4 o ' g 44 2 4 ' a
LLazﬂsmmwu'nmwmmmuﬁzmi@,ﬂﬂau‘wmqmumEJmummumwnmmummnmma

o o ~ d o 1 aaa 9 v A
A1aIneY: ulﬂ‘i’l'lluﬂilvlﬂﬂﬂﬂ‘l“lfﬂ, ﬁ')tiﬂﬂgﬂiﬂ’lﬂ’)ﬂu’dﬁ, ATITUIUMTUAAIGYNUA, N13LID



Research Title: Efficiency Enhancement of N-doped TiO2 for Solar-Light-Activated

Photocatalyst
Researcher: Assoc. Prof. Wicharn Techitdheera

Faculty: Faculty of Science King Mongkut’s Institute of Technology Ladkrabang

ABSTRACT

In this study, TiO, powders were prepared and their efficiency were improved to be
visible light-activated photocatalysts. Commercial grade TiO, anatase powders mixed with
ethanol and selected dopants including nitrogen were proceeded by ball milling process at room
temperature with various operating time. After ball milling process, TiO, powders were annealed
at different temperatures under nitrogen atmosphere. Effect of milling time, annealing
temperature and doping on structures, surface morphologies and the active surface areas of TiO,
samples were investigated b'y X-ray diffraction(XRD), scanning electron microscope(SEM) and
Brunauer Emmet Teller method(BET), respectively. The element component of TiO, samples
were characterized by energy-dispersive X-ray spectroscopy (EDX). The results indicate that
large particle size of TiO, precursor could be reduced via ball milling process leading to high
active surface area by the increase of milling time. The annealing process can result to the anatase
phase purification and doping can lead to the visigle light absorption enhancement. The
degradation of RhB dye by as-prepared TiO, photocatalyst was investigated under visible and UV
light irradiation via UV-vis spectrophotorx;eter. The degradation rate increases with increasing
milling time and doping with nitrogen. This enhancement should be due to the increasing active
surface area and decreasing particle size after milling and increasing visible light absorption due

to doping process.

Keywords: TiO,, Photocatalyst, Ball milling process, Doping
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1) tanstalenn 1o (UV A) anwernauegluyag 320-400 wr Tumas
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2.6.2 35m319a — 19a (Sol - gel method)
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2.6.3 IEMInnazneu (Precipitation method)
ad A o Y A s a o
’J'ﬁﬂ']ﬁﬁﬂﬁzﬂﬁ]uﬂﬂﬂ'ﬁ‘n'ﬂﬂIlllﬁQaﬁiﬂqﬂﬂﬂuﬂ@QGLUﬁWiﬂ%ﬁ'lmﬂﬂﬂ"lﬂlﬂﬂﬁ')ﬂﬂﬂﬂ1

a oA

nnmsazate lagordemsiduasiatiodnsdg lulSinanmuizas nasuuilasgungiinse

«

v 3
anuAuIaasasINIsazawvesdisazatsir ldinanisanaznouiu nalndinglu
a d‘a s a =)
NIZUIUMIANAZNBUAAINMINTAATET (Nucleus) Hazn15ian Tnves luananse lovou
v
vosmsutlandasulumsazaelasmamzuuysguuiuilyi ldmsidy Taveseynin
d' @ a o P 9 o a d‘
wasuwasly uazdufianisiduTnvesnznouaiuuuiunuvesnanaodasinisian Tan

. 1 @ ° a ~ [ [<{ p=} e a
uanaaiui azneun 1l Usradunuuueule Tans ol (Anisotropy) sazarsniiszay

G
y
< =

anusuFuLBageiueniisasmsfaiundoamuiudasdarn i leseuimua
Aamsanaznouets Al anzvuIAYBIznoLT IATVINAYBIEYMATIEN NIRRT
salfiAansanazneuiituas i lumsazaiserniildazaeud Idaz aundunaroiiy
asazarosudy ldddnlnSinaiiguinly msdumsiigniimas@u i
mnz auive Wasanazaewiiuled1edig dnsanaznemwfadusuiulernvily
Tmaqa‘n?a"l@'oawmmmﬂaﬂﬂa@mﬂ’h"hhlzﬂu“lmifmmﬁzﬂau'lé’ﬁﬁumm@ﬂﬁ'mnﬂuﬁ
Eifannlivsans lunndsedoaiufuneuvesnsanasnovdes (Digestion) 11118
Tasmslaaudoundmsazaruiefaznounduldidumisazaroduduudaisy
aszuaumMIanazneu vl lumsanagasumuisanlugudasimsanaznenld laonis
AAURUNYI, BATINTHAUAUVBIATDZAY, ANWTUTUVBIAITazAI0 LIakA1 pH (mAiin
msanagnouilvminnifedrumsnailunsies sumsdszneveen lafiiesnnldai

a = P Vet -1
'lJ'iq‘ﬂﬁqquﬁgﬂlu'lﬂﬂléﬂ'lﬂﬂulﬂﬂﬁlu'lﬂmﬂ



2.6.435M3UARGNUA (Ball - milling process)
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Abstract. Anatase TiO, powders used as photocatalysts were prepared by ball milling process at
various milling time and annealed in nitrogen atmosphereat different temperatures. Commercial TiO,
powders were ball-milled with ethanol at room temperature. After ball milling process, the samples
were annealed in nitrogen atmosphere. The particle sizes and surface area of milled powders were
measured by particle analyzer and Brunauer Emmet Teller method(BET). Effect of milling time and
annealing temperature on structural properties of TiO, powders was investigated by X-ray
diffraction(XRD) and scanning electron microscope(SEM). The degradation of aquous RhB dye by
ball-milled TiO, powder photocatalyst was investigated under UV light irradiation. Comparing to
P-25, TiO, powder prepared via ball milling process at 24 hr demonstrated significant enhancement
in its photocatalytic activity under UV light due to the increasing active surface’area after ball milling
process.

Introduction

TiO; is normally used as a photocatalytic material owing to its rather high photocatalytic
activity, chemical stability and low cost. This material is also reusable, non-toxic and resistant for
chemical corrosion. TiO, has been utilized in wide diversity of applications including optical
applications, catalysts, electrical ceramics, self-cleaning and reducing pollution in the
environment[ 1-3]. However, TiO; can be typically excited only by UV light irradiation because of its
wide band gap (~3.2 eV) in particular anatase crystalline phase[4-8]. Photocatalytic activity under
visible light irradiation is still restriction of T1O, reaction.The fast recombination rate of electron and
hole pairs is also a critical problem that strongly retardsphotocatalytic activity of TiO,. Therefore,
many method have been proposed to improve its optical properties and cafalytic efficiency. One
method that can be used is to reduce the particle size of TiO, powder resulting to the increasing
surface area. For example, Xiao yan Pana and Xue ming Ma studied the structure of TiO, pawder
with different grain size attained by ball milling method[9]. It is shown that TiO; powder with smaller
grain size possesses the faster rate of the phase transformations than that of the bigger grain size
powder. Y.Chen et al. reported the production of rutile from ilmenite by room temperature ball
milling induced sulphurisation reaction[10].

In this work, commercial TiO, powders were reducedtheir size via ball milling process at
various operating time and annealed in nitrogen atmosphere at different temperatures. Effect of ball
milled time and heat-treatment temperature on the phyical properties, active surface areas and
photocatalytic performance of samples were investigated. The particle size and surface areas
measurement were carried out by particle analyzer and Brunauer Emmet Teller method(BET). The
morphologies and structures of the samples were characterized by scanning electron microscope
(SEM) and X-ray diffraction(XRD). The photocatalytic degradation efficiency of RhB dye by TiO,
photocatalyst under UV light irradiated was investigation by UV-Vis spectroscopy[11].
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Materials and methods

Ti0, anatase powder from Shanghai Jianghu Titanium White Product Co., Ltd was used as the
starting material. The certain amount of powder was mixed with 40mL of ethanol solution and
loaded in ball milling reactor for reducing its size with zirconia balls followed by milling process for
6, 12, 18 and 24h at room temperature. After ball milling process, TiO, powder was washed with
ethanol and heated at 80°C until it completely dry, followed by annealing process in nitrogen
atmosphere at 450, 500 and 600°C for 2h with heat rate 5 °C/min. The photocatalytic activity of TiO,
powders photocatalyst were evaluated using dye photodegradation of 50 ml aqueousRhB (0.001g/L).
0.05g of photocatalyst powder was dispersed into RhB solution and stirred for 30min in dark
condition for equilibrium system. The photodegradation activity was conducted under UV light
irradiation and- collected the results every 20 min. The particle size and surface areas of milled
powders were measured by Particle Analyzer and Brunauer Emmet Teller method(BET). The
morphologies and structure of samples were characterized by scanning electron microscope(SEM)
and X-ray diffraction(XRD). The XRD patterns were recorded in a range of 20 - 80° with step size of
0.2°/s operated at 40 kV and 20mA.

Results and discussion

As-received commercial TiO, presents in large structure and agglomeration in micron scale.
The particle size of TiO, via ball milling process at various operating timeis represented in Fig. 1.
As-received commercial TiO, powder comprises large particles with average size of 787 nm. As
noticed, the particle size of TiO; is able to be reducedby via ball milling process. Under constant
speed of ball milling process, the average particle size of the powder milled for 6, 12, 18 and 24h is
found to be 547, 430, 402 and 250 nm, respectively. The result demonstrates the significant size
reduction of the TiO, powder by ball milling process. The increasing milling time results to the
decrease in the powder size down to 250 nm. Table 1 shows the results of BET surface area, total
pore volume and average pore diameter of the samples. The surface area measurement was carried
out by Brunauer Emmet Teller method(BET). This result indicates that the surface areas and total
pore volume of the powder can be increased via ball milling process with increasing milling time.

1000
800
800 A
700
J
= 600
£
k=4 - A
& 500+
@ A
E 400 A
Ia]
300 -
A
200
.
]
100
0 T M T M T T T T T
oh 6h 12h 18h 24h
Time(h)

Fig 1. The particle size of TiO-after ball milling at various operating times.
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Table 1 BET surface, total pore volume and average pore diameter of the samples

Sample Sper(m’ g')  Total pore volume(cm® g”)  Average pore diameter (nm)
As-received 5.99 0.00289 1.93
Ball-milled6 h 7.17 0.00348 1.94
Ball-milled 12 h 7.94 0.00375 1.89
Ball-milled 18 h 9.12 0.00433 1.90
Ball-milled 24 h 10.45 0.00515 1.97

The morphologies of the samples were characterized by scanning electron microscope(SEM).
Fig. 2 shows SEM images of a) as-received commercial TiO,, b)TiO; ball milled 24h, and c-¢e) TiO,
ball-milled for 24h and annealed in nitrogen atmosphere at different temperatures ranging from 450 -
600°C. As observed in Fig. 2a), as-received commercial TiO, represents the large particle with
average size about 700 nm. After ball-milled for 24h, the structure of sample was rupture and its size
obviously reducedto about 200 nm, indicating that the particle size of TiO, can be decreased to
nanometer range by convenential one-step ball milling process. From the Fig. 2¢), it can be seen that
the morphologies of TiO, ball-milled for 24h and annealed in nitrogen atmosphere at 450°C, the
particles of TiO, tend to be agglomerated to form group of particle clusters. Fig 2d) and e) illustrate
the morphologies of the milled powders for 24h and annealed in nitrogen atmosphere at 500°C and
600°C, respectively. The morphologies are notified to be identical to that observed in Fig 2c), the
particles agglomerate after annealing in nitrogen atmosphere. The result suggests that ball milling
process can reduce the particle size, and thermal energy provided durmg annealing process
initiatesthe agglomeration of TiO; particles.

The structures of the as-received commercialTiO, powder,TiO; ball-milled for 24h and TiO,
ball-milled for 24h annealed at different temperatures were characterized by X-ray diffraction
(XRD). The XRD patterns of TiO,anatase comparing to TiO, with ball milling process for 24h and
annealed at different temperatures ranging from 450 - 600°C are shown in Figure3. The diffraction
peak of as-receivedTiO, powder appeared at 26 = 25.33°, 37.01°, 37.84°, 38.64°, 48.14°, 53.97°and
55.2°, correspond to the (101), (103), (004), (112), (200), (105),(200) and (220) planes of anatase
phase, respectively.Meanwhile, the diffraction peaks appeared at 2= 27.50°, 36.13°, 39.57°, and
57.53° attribute to (110), (101), (200) and (220) planes of rutile phase. The oddity phases located at
24.50°, 29.57°, 43.35°, 47.65°, and 48.65° are impurity relates to the H,Ti;O listed in the Joint
Committee on Powder Diffraction Standard (JCPDS No.00-041-0192). For the samples after ball
milling and annealing process at different temperatures, their XRD patterns areidentical to

Fig. 2 SEM images of a) as-received commercial TiO,, b) TiO,ball-milled for 24 h, c-¢) TiO; ball
milled 24h and annealed in nitrogen atmosphere at 450°C, 500°C and 600°C.
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Fig. 3 XRD pattemns of a) as-received TiO, and b-d) TiO; ball milled 24h and annealed in nitrogen
atmosphere at different temperatures.

as-received commercial TiO; powder, suggesting that ball millingprocess at various operating
timehas insignificant effect on TiO, structure, but the high temperature annealinginfluence to
crystallinity. Rutile and impurity phases of TiO, are decreased after annealing under nitrogen
atmosphere.

Fig. 4 shows photocatalytic degradation of RhB dye by a) TiO, ball-milled at various
operating time b) TiO; ball-milled 24h and annealed in nitrogen atmosphere at different temperatures.
The activity of commercial TiO, P25 was also conducted for comparison reason. The photocatalytic
activity was evaluated in RhB solution (1mM). The weight of the photocatalytsts was 0.1g/100ml in
all measurements. The solution was stirred for 30 min and recorded the result every 20 min. The
temperature of the photocatalytic reaction was kept at room temperature. The degradation rate of
ball-milled TiO; for 6, 12, 18 and 24h is found to be 0.032, 0.108, 0.233 and 0.656 min’l(Fig 4.a)).
The constant rate of RhB degradation with as-received commercial TiO, is 0.065 min™, which is
lower than other conditions and comparable to that value of the powder ball-milled for 6h. As
indicated in Fig 4.(b), The degradation rate of samples after annealed in nitrogen atmosphere, at 450,
500 and 600°C are 0.316, 0.185 and 0.229 min™, respectively. The results suggest that the catalyst
ball milled for 24h exhibits superiority in photocatalytic activity to the others, and it was comparable
to commercial TiO, P25. This enhancement should be due to the increasing active surface area and
decreasing particle size after milling process. However, after annealing process, particle
agglomeration of ball-milled TiO, leads to the inferiority of photocatalytic performance of the
powders, as noticed in the results in Fig. 4b).
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Fig. 4 Photocatalytic degradation of RhB in the presence of a)TiO, ball-milled at various operating
times b) T10, ball-milled for 24h and annealed in nitrogen atmosphere at-different temperatures.
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Summary

In summary, as-received commercial TiO, powder appears in micro scale and large particle
morphology. Ball-milling process was employed to reduce its particle size and consequently heighten
its active surface areas. The samples of TiO, photocatalyst with higher photocatalytic activity are
prepared by ball milling process. The degradation rate ofthe catalyst ball-milled for 24h exhibit the
comparable performance to TiO, P25.. 1t is also notified that annealing process can significantly
remove impurities, heighten the purity of anatase phase, improve its crystallinity and motivate the
agglomeration of the TiO, particle. This agglomerationof the TiO, particlemay intercept the
degradation reaction of the powder, reflecting to the increasing photodegradation rate.
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