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Abstract

Nitrogen-doped nanosized Ti@owders were prepared by a simple thermal treatmethod of the mixture of
titanium dioxide and urea. The prepared product®wharacterized by X-ray diffraction (XRD), trarisgion electron
microscopy (TEM), UV-Vis diffuse reflectance spect(UV-Vis-DRS) and Fourier transform infrared (FR}I

spectroscopy. The results showed that the crystadtare of N-TiQ was a mixture of anatase and rutile phases, and th

average particle size was 31 nm calculated from X&dlts. The UV—vis spectra indicate an increasgbisorption of
visible light when compared to undoped 7iO'he photocatalytic activity of nitrogen-doped Fi@owder was
evaluated by the decomposition of methylene blugeunwisible light irradiation. And it was found theitrogen-doped
TiO, powders exhibited much higher photocatalytic atgithan undoped Ti© Moreover, the study also showed that,
the doping N atoms improve the growth of the Jo®ystal and phase transformation.

Keywords: Titanium dioxide, photocatalysis, N-doped }i@ethylene bluejrea.

1. GIOI THIEU

Vit liéu TiO, da dugc biét dén véi nhitng tng
dung tuyét voi nhu: ché tao vat liéu tr 1am sich, ung
dung trong pin nat troi, dung lam 1t liéu quang xdc
tac (QXT) trong % |i mGi truong [1],.... Han ché
l¢n nhit caa TiO, 1a c6 ring hrong vung é&m rong
(khoang 3,05-3,25 eV) nén ¢l kich thich b1 anh
sang t ngaai gén giam kha nang tng ding thyc t
cia no [1]. Do vy, ky thuit dua cac nguyéndtkhac
nhau vao &u trdc mang tinh thé TiO, da duoc ar
dung nhHim nang cao én nira hait tinh QXT dia N6
trong ving anh sang nhirith

Vit liéu TiO, duoc pha 4p boi nito (N-TiO,)
dang ntn dugc ar quan tamdang K do khi ning
hoat dong QXT cao déi anh sang nhin fy [2, 3,
4]. Vat lidu nay cé th duoc diéu ch bing nhiu
phuong phap khac nhau ahsol-gel [2], thiy phan
[3], thay nhiét [4],... va phrong phapdiéu cké hién
dang phat tén rit da chng. Tuy nhién, vic d& xuat
phuong phapdiéu ché don gian ma cé th tao ra
dugc vat liegu N-TiO, c6 hat tinh QXT cao trong
viing anh sang nhinay la that sy can thiét.

Trong c6ng trinh nay, chung téi théng baétm
sb két qua vé& didu ch bot nano N-TiQ bing
pheong phap ¥ li nhiét don gian hdn hop gia
Ti(OH), va uré. Klao satanh hrong aia nito dén ar
phét trén tinh tH, ciu tric pha va kihning Hip thy

quang @a TiO,. Bdng thyi, hoat tinh QXT @a gin
pham dugc danh gia théng qua khning phan hy
guang xanh metylen trong dungeld nréc dudi buc
xa anh sang nhin &y tr d&n Compact.

2. PHUONG PHAP NGHIEN @U
2.1. Thuc nghiém

Céc héa ciit duoc ar dung trong thrc nghém
déu aia hadng Merck baodgn: TiOSQ, NaOH,
(NH>),CO va GHsOH.

- Piéu ché bt khd Ti(OH) ,

Bot khd Ti(OH), thu dugc bing cach thy phan
1 lit dung dch Mn hop gom: TiOSQ 0,14 M va
NaOH 0,22 M (¥ 1¢ thé tich TIOSQ/NaOH la 10/8)
& nhiét d phong, tra huyn phu 6i etanol - aréc
va lam khdo 120°C trong 24 gb.

- Piéu ché bt N-TiO, va TiO,

Bot N-TiO, duoc diéu ché bing cach ®n déu
2,0 gam bt khd Ti(OH), v6i cac rgng khac nhau
ciia uré, nung én hop & nhiét do thich hyp trong 2
gio (téc d6 nang nhit 1a 10 °C/phat). Bt TiO,
khéng phadp (TiO,) dugc diéu ch twong tr nhung
khéng c6 s bd sung trong uré.

- Panh gia hat tinh QXT ciia sin pham

Hoat tinh QXT @ia cac riu dugc danh gia Bing

cach tbn 0,15 gam &t san phim vao 200 ml dung
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dich xanh metylen coamg do 10 mg/l. Khiy tron

hon hop 30 phut trong bondi dé dat can king Hip

phu-giai hap. Saudé chiéu xa hdn hop hing dén

Compact Golstar 40W (c6 3 vungrdr songdac

trung la 435, 545 va 610 nm) trong 75 phutéwHi
suit phan tng QXT duoc xac dinh hing cach so
sanhdo hap thu quang (Abs) ga dch targe va sau
phan tng & cuc dai hap thy A = 664 nm.

2.2. Cac phrong phap xacdinh

Gian dd nhiu xa tia X (XRD) aia c&c rau bot
TiO, dugc ghi trén nhu xa ké tia X D8 Advance
Brucker puc) voi tia CukK, c6 A = 0,154056 nm,
ghi ¢ 25°C, géc quét @ tir 20dén 70, téc do quét
0,03/s. Kich thréc hat trung binh va thanh gh pha
dugc xacdinh dra vao cac piaac treng aia pha
anata (101) va pha rutin (110) trénirgido XRD
theo [5].

Cacanh TEM dia sin phim dugc chup trén kinh
hién vi dién tir truyén qua JEM1010 (JEOL-Nh
Ban) v6i hé s phongdai khoang x50dén x600.000,
do6 phan gii 3A, dién ap gia éc U khaing 40dén
100 kV.

Ph6 UV-Vis-DRS aia cac riu bot TiO, dugc
ghi bsi may JASCO-V550 (Nit Ban) trén r@n
BaSQ. Ham Kubelk-Munkduoc sr dung dé xac
dinh ring lrong ving ém cia cac riu TiO, bang
cach & db thi tuong quan gia [F(R)E}’? va ning
lwong &nh sang. Nging Hip thu quang Ry dugc
xac dinh dra vao plxong trinhAy = 1240/E, trong
do gy la ning lrgng vang ém [5].

Ph FT-IR dugc ghi bvi thiét bi IFS 28 Brucker
(Pirc) trén rén KBr.

Céc gia tr d6 hip thu quang éa dung dch xanh
metylenduoc xacdinh hing cach ghi ph hip thu
UV-VIS trén méy UV2450 - Shimadzu, BihBan.

3. KET QUA VA THAO LUAN
3.1.Anh hwéng aia nhigt d§ nung
bé khao satanh hréng nhit do nungdén ciu

tric pha va hat tinh QXT aia ot N-TiO,, hon hop
Ti(OH), va uré ({ Ié mol uré/Ti(OH) = 2) duoc

nung trong 2 gt & cac nhét do6 khac nhau: 600, 650,

700, 750 va 800C. Cac rdu nay dugc ki hiéu

trong ung tr TKU600 dén TKUS800. Bé so sanh,
mau TiO, ciing duoc nungd cac nhét do trén va
dugc ki hiéu trong tng tir T600dén T800. Gin d6

XRD cua cac rau TiO, va N-TiO, theo nhét do

nung thayddi duoc dwa ra trong tng ¢ hinh 1 va
hinh 2. Gia trkich thrgc hat trung binh, thanh gim

pha va hiu suit phan iy quangduoc trinh bay
trong king 1.

Nguyén Vin Hing va éng se

Két qua cho thy, mau TiO, & khoang nhit do
nung tr 600dén 750°C la don pha anatad{nh pic
dic trangang goc B xap xi 25,3). Nhiét d6 chuyén
pha tr anata sang rutin trénam TiO, 1a 800°C
(dinh pic dic trung cho pha rutin 4p xi 27,5).
Trong khi d6, & khoang nhét do nung fr 600 dén
700°C, mau N-TiO, la don pha anata va co réhido
chuyén pha $m hon (750°C). Bong thyi, tir bang 1
cho thly, ca hai miu TiO, va N-TiO, déu codo két
tinh va kich tlréc hat trung binh ing din khi nang
din nhiét d6 nung. Cac du N-TiO, c6 kich thréc
hat trung binh én hon so \6i mau TiO, & cung nht
d6 nung trong ung. Nhr vay sy cO miit caa nito
trong mang tinh t TiO, d& thdc diy quéa trinh
chuyén pha & anata sang rutin va xaci sr phat
trién tinh tre.

Tuy nhién, Y. Yin va éng sr khi diéu ché bot
N-TiO, bing phrong phap sol-gel & chat dau 1a
Ti(OC,Hs), va tr nhiéu ngwn nito khac nhau:
NH,4CI, CsH1isN va NHOH [2]. Y. Yin nhan thay ar
c6 mit cua nio trong mang tinh tié TiO, da kim
ham qua trinh chin pha varc cké sy phat trén
tinh thé. Két qua tuong tr ciing duoc tim thiy ¢
cbng trinh [6] khi thrc hién phan trng giita titan(lV)
n-butoxit va etylamin hiic cong trinh [3] tlrc hién
phan tng thiy phan dung @h TiCl, voi sy cO mit
cia (NH,),CO. Sr khac nhau trén c6 édo phrong
phapdiéu cké caa chang toi thc hién phan tng ¢
dang pha &in con cac cong trinh nghiéawe[2, 3, 6]
tién hanh phn ang ¢ dang pha éng. Khi phin ang
dugc thuc hién & dang pha dng, cac phi tir I'\'IA&cé
kha nang to phic bin véi cac obitan d ting aia ion

Ti* din dén nang cao nkt do chuyén pha tr anata
sang rutin varc ché sy phat trén tinh tre. Tréi i,
néu thuc hién phin ting & dang pha #n giita Ti(OH),
v6i uré haic dong khi NH c6 té din dén ar thay
thé tryc tiép O i N nén thladay qué trinh chugn
pha va xdc #in ar phat trén tinh thé TiO, [7]. Tac
dung thicday qué trinh chuén pha tr anata sang
rutin va xuc tén ar phat trén tinh tré TiO, cua nito
trong nghién ¢u cia chung toéi 8ng phu kp Vi
cong trinh [4] khi x |i thuy nhiét & 240°C trong 10
gio hdn hop Ti(OH), va uré hac cong trinh [81iéu
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Bang 1 con cho thy, khi ting din nhiét d6 nung,
ca hai \at liéu TiO, va N-TiO, déu c6 héu suit phan
hiy quang ing vadat gia ti cuc dai thg Wi mau
dugc nungd 750°C. Piéu nayduoc cho 1a khi ing
din nhiét d6 nung \it liéu 6n dinh hon vé mat ciu
trdc. Nhrng réu tiép tuc ting nhit do nung bn hon
750 °C, hiéu suit phan iy quang gim. Nguyén
nhan do kich thdc hat trung binh ing va dng do
nito trong mang tinh trié TiO, giam [9]. Nhin chung,
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vat liégu N-TiO, déu c6 héu stit phan tiy quang cao nhiét hon hop bt khé Ti(OH), va uré la khang 750
hon so i TiO, & cac nhit do nung trongung. Nhr  °C trong hai gb.

vay, nhiét d6 nung thich bp cho qué trinh phanii

Bang 1:Kich thudc hat trung binh (D), thanh @in pha va Hiu suit phan tiy quang (H) éa cac riu TiO, ¢
cac nhét d6 nung khac nhau

Mau Thanh pln pha Mau Thanh pln pha

. D, nm : H, % . D, nm : H, %
TiO> Anata, %| Rutin, % N-TiO> Anata, %| Rutin, %
T600 13,0 100 0 36,75 TKUB0( 17,6 100 0 65,52
T650 14,6 100 0 38,82 TKUB5( 19,9 100 0 84,20
T700 24,8 100 0 44,40 TKU700 28,7 100 0 92,04
T750 28,2 100 0 50,15 TKU75( 31,5 83,0 17,0 98,25
T800 35,3 69,5 30,5 47,23 TKUS80D 36,7 28,0 72,0 091

T80
Anata T75

N

T70

T65

Anata

Rutin

T T n
20 30 40 50 60 70
2-Theta - Scale

Hinh 1: Gian d6 XRD cua cac ru TiO; 6
cac nhét do nung thaydoi tir 600dén 800°C

3.2.Anh hwéng aia ty 1& mol uré/Ti(OH) ,

D¢ khao satanh hrong dia nio dén ciu tric va
hoat tinh QXT trén Bt nano N-TiQ diéu ché dugc,
bot kho Ti(OH), duoc tron déu voi uré theo ¢ 18
mol uré/Ti(OH) khac nhau 0, 1, 2, 3, 4 va 5. Cac
mau duoc ki hiéu twong tng tr TKUO dén TKUS.
Hon hop bot khd Ti(OH), va urédugc nungs 750
°C trong 2 gb. Gian d6 XRD cua cac ru theo § 1é
mol uré/Ti(OH), khac nhaudugc dua ra¢ hinh 3.
Gié tii kich thrdc hat trung binh, thanh pim pha va
hiéu suit phan ly quangdugc trinh bay trong
bang 2.

Tir hinh 3 va bng 2 cho thy, mu TiO, khéng
pha tp (TKUOQ) ¢ dang don pha anatadi dinh pic
dic treng ing Wi goc B xap xi 25,3. Cac mu N-

nhu da dugc thao luan & muc 3.1.

Rutin

Anata Rutin

-
N

EdL

Hinh 2: Gian d6 XRD cua cac mu N-TiO, &
cac nhét do nung thaydoi tir 600dén 800°C
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Hinh 3: Gian dd XRD caa cac mu TiO, &
ty I1é mol uré/Ti(OH) khac nhau
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Bang 2 cho thy, khi ting din ty & mol
TiO, ton tai & dang Hn hop hai pha anata va rutin. uré/Ti(OH), tr 1 dén 3, kich thrgc hat trung binh
Thanh pln pha rutining din khi ting din ty 16 mol  ting din. K. Prabakar choing [8], dodo dai lién
uré/Ti(OH),. Piéu nay nét 1an nia khing dinh nitb  két Ti-N (1.964 va 2.081 A) daidm khéngdang K
da xdc tén quéa trinh chudn pha t anata sang rutin so i d¢ dai lién Kt Ti-O (1.942 and 2.002 A) nén

& ndng d6 thap aia nito khdnganh hrong ln dén

cau trGc tinh tl. Tuy nhién, du & ndng do cao Ga
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nito 3 lam #ing tr tich trong éu trdc mang tinh
thé, tir d6 co tié lam &ing kich thrge hat trung binh
[8]. Néu ting ty I& mol uré/Ti(OH) > 3, kich thréc
hat trung binh c6 xu long gam. K. Prabakar gi
thich, réu & ndng dé quéa cao @a nity, mang tinh tk
TiO, bi nén hi theo @ ché pha tp xen K&, din dén
lam giam kich thrgc hat [8].

Bdng 2:Kich thudc hat trung binh (D), thanh fin

pha va hju stit phan tiy quang (H) éa cac riu

TiO, ¢ cac ¢ 1&€ mol uré/Ti(OH), khac nhau

Nguyén Vin Hing va éng se

Bang 2 con cho ty, khi ting din ty 1& mol
uré/Ti(OH), tir 0 dén 2, hBu suit phan tiy quang
taing vadat gia ti lon nhit ¢ mau cé ¥ ¢ mol
uré/Ti(OH), = 2. Nguyén nhan cé éhdo niiu nay co
ty 1€ pha anata/rutindp li (khaing 78,5/21,5). Theo
nhiéu nghién éu gin day cho thy, vat liéu TiO, ¢
dang Mn hop hai pha @i ty & pha anata/rutin am
vai ty 1€ 70/30 @a TiO, thwong mai Degussa P25¢s
cé hat tinh QXT cao bn so i treong hyp don
pha anata va rutin. &\ tiép tuc ting ty 1é mol nay >

Ki Ty lé D. nm Thanh pln 2,7hiéu‘SLﬁt phan tiy quang gim. Nguyén r]hén co
hicy mol ' pha H, thé 6 nong do cao @a nito trong mang tinh tre TiO,
mau gré/ Anatal Rutin Anata,|Rutin,| % da |~f:1m, ting qua trinh tai &p gitta cac @p electron

Ti(1V) % % va I6 trong quang sinh.
TKUO| O 28,3 - 100 0| 52,32 Anh TEM aia miu TiO, khoéng bén tinh (nung
TKU1l| 1 28,7| 352 84,5 155 80,/2¢ 750°C) va miu N-TiO, (ty 1& mol uré/Ti(OH) = 2,
TKU2| 2 |30,8] 40,0 78,9 21,5 98,87 nungo 750C) dugc dua ra trong ung & hinh 4 va
TKU3| 3 | 31,4| 381 629 37,5 92,17 hinh 5. Tr cacanh TEM cho tl#y, mau N-TiO, c6
TKU4| 4 | 29,7| 36,3 49,0 51,0 8543 kich thréc hat bé va phan & tuong dbi dong déu
TKU5| 5 26,5] 331 418 585 72,45 hgn so6i miu TiO,.

TUO-005
Print Mag 80400x @ 51 mm

Hinh 4: Anh TEM aia méu T|02
dugc nungs 750°C

100 nm

P UV-Vis pha #n cia cac riu TiO, ¢ ty 18
mol uré/Ti(OH): 0; 1; 3 va 5dugc dua rad¢ hinh 6.
Tu hinh 6 cho thy, khi ting din ty & mol
uré/Ti(IV) d6 hip thu quang @a cac mMu ting Gia
tri ning lrong ving ém cia cac ru TiO, & ty 1¢

TkU -3.007
Print Mag 208000x @ 51 mm

20 nm

Hinh 5: Anh TEM aia miu N- T|02 ung wi ty
[& mol uré/Ti(OH), = 2 vadugc nungs 750°C

uré/Ti(OH), = 2) dugc dua rag hinh 7. Tr hinh 7
cho thiy, miu TiO, khéng phadp c6 hai piatic

Bang 3: Gia ti ning lwong ving ém (Ey) cua cac
mau TiO, & nhitng ty I& mol uré/Ti(OH), khac nhau

mol uré/Ti khac nhadugc trinh bay trong dng 3.
T bang 3 nkin trny mau TiO, (3,11 ev)cogiatr

nang hrong ving ém lon hon so \6i tit ca cac mu
N-TiO; (trong khang 2,28-3,0 eV). Nin vay, sr co

mat cia nio trong mng tinh té TiO, gilp ting

cuong kha nang Hip thy quang trong vung anh sang
nhin thiy va thu kp dang K ning hrong ving ém
cua TiO,.

P hong ngai bién ddi Furie FT-IR @ia miu
TiO, khong phadp va nmdu N-TiO, (¢ ty 1¢ mol

33

Ki hiéu miu | TKUO | TKU1 | TKU3 TKUS
Ty 1€ mol
wrermiony, | 0 | Y| 3 5
E. (eV) 3111 3.001 294 2.28n2.82
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trung & cac $ séng 829,15 va 1644,97 ¢rriviau N-
TiO, ciing c6 hai piadic treng & ving $ song nay
nhung chuyn dich & phia c6 & séng ngn hon la
811,28 va 1630,83 chKét qua nay chirng © da co
sy tham gia @éa N vao u trac mng tinh tt TiO,
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[10]. Pic ung Wi sb séng 811,28 va 829,15 ¢m
dugc qui gan cho dadong aia lién Kt Ti-O trong
mang tinh t TiO, [4, 10]. Picttng Wi sd séng
1630,83 va 1644,97 chla daodong aia cac nhém
-OH trén & mat TiO, [10, 11]. Nhém hydroxyl trén
bé mat 1a yéu t6 quan tong anh hréng dén haat tinh
quang xuc tac. lugng nhém hydroxyl tréndomat
TiO, cang én phan tng quang xuc tacay ra cang
nhanh. Picdn hon thu dugc tai 1630,83 cnt cho

100

Mgt phiong phépdon gian diéu ché bt nano N-TiQ

mau N-TiO, so Wi mau TiO, khéng phadp ching
t6 rang mau N-TiO, c6 cac nhoém hydroxyl trénéb
mat nhiéu hon [11]. Biéu nay gii thich vi sao céac
mau N-TiO, déu c6 hat tinh quang xUc tac caah
so Wi mau TiO, khong phadp. Ngoai ra, rau N-
TiO, con xuit hién thémdinh picé sb séng 1403,63
cmi’. Pic nay do it dang N (-NQ) duoc hap phy
trén & mat trong mang tinh tinh tié TiO, [11].

3.0

— (1) TKU-0
—(2) TKU-1

(3) TKU-3
—(4) TKU-5

2.5

2.0

154

[FR).M *

1.01

0.5+

L LI LI LI LIS LI LI
200 225 250 275 3.00 325 350 375 4.00
Naég [66hg vuag cadn eV

(b)

Hinh 6: Phb UV-Vis cua cac ru TiO, ¢ ty 1¢ mol uré/Ti(IV): 0; 1;3; 5 (hinh a) va pHUV-Vis cia
cac miu TiO, sau khi chugn twongurng tir buéc sdng anh sang sangng krgngvuang é@m theo
ham Kubelka-Munk (hinh b)

— (1) TKU-0 1 2
90| — (2) TKU-1
” (3) TKU-3
7| — @) TKU-5
70
R 60
o
504
404
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204
n+———7—T T T T
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BoGasag nm
(@)
1403,63
N
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—1.TiO,
—2.N-TiOy

829,15 1644,97

500 ' 1OIOO ' 15|00 ' ZOIOO ' 25|OO ' 30|00 ' 35|OO ' 4000
ST am -1

Hinh 7: Ph FT-IR aia mau: (1) TiO, va (2) N-TiQ

4. KET LUAN

Pa diéu ch thanh cdng & nano N-TiQ bing
pheong phap nundon gian hon hop aia Ti(OH), va
uré. biéu kién thich lop dé didu ché tng wi ty 1&
mol uré/Ti = 2 va & phim duoc nungd 750 °C
trong 2 gb. Véi cacdiéu kien nay Bt N-TiO, thu

dugc co kich thrdc hat trung binh khéng 31 nm,
hén hop hai pha anata va rutiny(té pha anata/rutin
khoang 78,5/21,5) va c6 ho tinh QXT cao nét.
Dung dch xanh metylenm nhr bi phan tiy hoan
toan sau khing 75 phit cliu sang va cao dm
khoang 1,89 dn so \6i mau TiO, khdng bén tinh.
Ngoai ra, nghiénia con cho thy, nito da th hién
vai trd thiicddy qué trinh chu$n pha t anata sang
rutin va ting arong kha nang hip thy quang trong
viing anh sang nhiniy cia Vat liéu TiO..
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