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Abstract

Tungsten-doped nanosized TiO, powders were synthesized by a simple wet method, and characterized by X-ray
diffraction (XRD), transmission electron microscopy (TEM) and UV-Vis diffuse reflectance spectra (UV-Vis DRS).
The photocatalytic activity of undoped TiO, and W-doped TiO, photocatalysts was evaluated by the photocatalytic
oxidation of methylene blue in aqueous solution under visible light irradiation to study the influence of the tungsten
doping degree on the photocatalytic degradation performance of TiO,. The results showed that the photocatalytic
activity of the W-doped TiO, photocatalyst is much higher than that of undoped TiO,, and the optimum W/Ti molar
ratio is 0.5%. Moreover, the study also showed that, the doping W atoms suppress the growth of the TiO, crystal and

phase transformation.
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1. GIOI THIEU

Chat quang xtc tac TiO, dd dugc nghién ctu
rong rai dé phan huy cac chat 6 nhidm hiru co trong
dung dich nu6e [1]. Tuy nhién, TiO, ¢ dang tinh
khiét co ning luong ving cam rong (khoang 3,05
dén 3,26 eV) [1] nén chi hoat dong quang xuc tac
(QXT) trong vung anh sang tr ngoai gan. Diéu nay
han ché kha ning tan dung ngudn anh sang d01 dao
tr mdt troi va anh sang nhin thay tr céc nguon birc
xa khéc. Do d6, nhiéu nguyén t6 khac nhau da duoc
pha tap vao mang tinh thé TiO, nhdm nang cao hon
nita hoat tinh QXT ctia nd trong vung anh sang nhin
thdy. Viéc pha tap cac ion kim loai, ddc biét 1a cac
jon kim loai chuyén tiép co thé gitip thu hep ning
lwong ving cdm, ting dung lugng hap phu cac hop
chat hitu co va do d6 ting cudng hoat tinh QXT
trong vung anh sang nhin thdy caa TiO; [1, 2].

Do ban kinh cua ion W(VI) 1a 41 pm bé hon so
v6i ban kinh ion Ti(IV) 53 pm nén ion W®' ¢6 thé
thay thé ion Ti(IV) trong mang tinh thé TiO,. Dong
thoi, nang lugng ving cam ciia WO; 1a 2,8 eV nén
khi c6 sy tham gia cia W(VI) vao mang tinh thé
TiO; sé tao nén nhiing Kkhuyét tat c6 loi, giup thu hep
nang lugng vung cam, giam qua trinh tai hop
electron-15 tréng va co thé nang cao hoat tinh QXT
trong ving anh sang nhin thay cta TiO, [2]. D3 ¢
mot vai coéng trinh nghién ciu diéu ché vat ligu
W-TiO, bang cac phuong phap khac nhau va danh

gi4 hoat tinh QXT ciia san pham diéu ché duoc. S. S.
Lee diéu ché vat liéu W-TiO, tir sy thuy phan dung
dich TiCl; va WCl,. Két qua cho thdy, vat liéu
W-TiO; c6 kha nang phan huy khi acetandehit trong
vung anh sang tir ngoai cao hon so véi vit li¢u TiO,
tinh khiét [3]. X. Z. Li diéu ché thanh coéng bot nano
WO,/TiO, bang phuong phap sol-gel v6i ngudn chat
dau 1a titan(IV) n-butoxit va amoni wonframat. X. Z.
Li nhan thiy, bot WO,/TiO, c6 kha nang phan hiy
xanh metylen cao hon so vdi mau TiO, khong pha
tap. X. Z. Li cho rang, W(VI) di giup thu hep ving
cAm, giam su tai hop gitra electron va 15 tréng trong
mang tinh thé TiO, [4].

Trong cong trinh nay, ching t6i thong bdo mot
sO két qua vé anh hudng cua su pha tap ion W(VI)
dén céu trac va tinh chat cia TiO, duge diéu ché
bang phuong phap wét don gian. Pong thoi, déanh
gi4 hoat tinh QXT ciia san pham thong qua kha ning
phan huy quang xanh metylen trong dung dich nudéc
dudi blrc xa anh sang dén Compact.

2. PHUONG PHAP NGHIEN CUU
2.1. Thuce nghiém

Cac hoa chit sir dung trong thuc,nghién} duoc
nhén tir hing Merck ma khong can ché hoa bo sung,

bao gém TIOSO4, (NH4)6H2W12040, NaOH va
C,H;OH.
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- Diéu ché bot W-TiO; va TiO;

Hoa tan 4 gam TiOSO,4 vao 100 ml nudc, thu
dugc dung dich TiOSOy4. Nhé chdm 80 ml dung dich
NaOH 0,5 M vao dung dich TiOSO,, khudy tron &
nhiét do phong khoang 1,5 gio. Huyén phu sau khi
thity phan duoc rira vai 1an bang nudc cat va sau do
1a etanol cho dén khi khong con phat hién ion SO4
trong nudc ria (thir véi dung dich BaCl, 0,2 M).
Cho tiép 100 ml dung dich hdn hop etanol- nude (ty
1¢ thé tich etanol/nue 14 1/1) cing v&i lugng amoni
wonframat thich hgp vao titan hydroxit uét thu
duoc. Hon hop duge khuay déu ¢ nhiét do phong
khoang 15 gio, sau d6 siy kho, nghién min rdi nung
trong 2 gio & nhiét d§ thich hgp thu dugc bot nano
W-TiO,. Mau TiO, khong pha tap duoc diéu ché
twong tu nhung khéng c6 su bd sung amoni
wonframat.

- Pdnh gid hoat tinh QXT ciia san pham

Hoat tinh QXT cta cac mau dugc danh gia bang
cach tron 0,15 gam bot san pham vao 200 ml dung
dich xanh metylen c6 ndng do 10 mg/l. Khudy tron
hdn hop 30 phut trong bong tdi dé dat can bang hap
phu-giai hap. Sau d6 chiéu xa hdn hop bing dén
Compact Golstar 40 W (c6 3 vung budc song dac
trung 1a 435, 545 va 610 nm) trong 45 phut. Hi¢u
sudt phan Gmg quang xtc tac dugc x4c dinh bing
cach so sanh d6 héap thu quang (Abs) ciia dung dich
trude va sau phan img & cuc dai hap thy A = 664 nm.

2.2. Cac phuong phap xac dinh

Gian do nhidu xa tia X (XRD) cta cic mau bot
TiO, dugc ghi trén nhiéu xa ké tia X D8 Advance
Brucker (Ptrc) voi tia CuK, c6 A = 0,154056 nm,
ghi & 25 °C, goc quét 20 tir 20 dén 70°, toc do quét
0,03°/s. Kich thude hat trung binh va thanh phan pha
dugc xac dinh dua vao cac pic dac trung cua pha
anata (101) va pha rutin (110) trén gian 46 XRD
theo [5].

Cac anh TEM cta san pham dugc chup trén kinh
hién vi dién tir truyén qua JEM1010 (JEOL-Nhat
Ban) véi hé sb phong dai khoang x50 dén x600.000,
d6 phan giai 3 A, dién ap gia toc U khoang 40 dén
100 kV.

Ph6é UV-Vis-DRS cua c4dc mau bdt TiO, duoc
ghi béi may JASCO-V550 (Nhat Ban) trén nén
BaSO,. Ham Kubelk-Munk dug¢c st dung dé xac
dinh ning luong ving cdm cua cac mau TiO, bang
cach v& dd thi twong quan giita [F(R)E]"? va ning
luong anh sang. Ngudng hap thy quang (Ag) duoc
xac dinh dya vao phuong trinh A, = 1240/E,, trong
do E, la nang lugng vung cAm [5].

Cac gia tri d6 hap thy quang ciia dung dich xanh
metylen dugc xac dinh béng cach ghi phd hap thu
UV-VIS trén may UV2450 - Shimadzu, Nhat Ban.

Nguyén Vin Hung va cong sw
3. KET QUA VA THAO LUAN

3.1. Anh hwéng ciia nhiét d9 nung

Nhiét d nung c¢6 anh huéng manh dén chu tric
pha va hoat tinh QXT cua san phim TiO, diéu ché.
Pé khao sat anh huong, miu W-TiO, (ty 1& mol
W/Ti 0,50 %) dugc nung ¢ cac nhiét do khac nhau:
500; 600, 700, 750 va 800 °C. Cac mau nay duoc ki
hiéu tuong Gmg tir TW500 dén TW800. Dé so sanh,
bt kho TiO, khong pha tap ciing dugc nung o cac
nhiét do trén va cac mau duoc ki hiéu tuong ung tu
T500 dén T800. Gian d6 XRD cua miu TiO, va
W-TiO, ¢ cac nhiét d6 nung khac nhau dugc dua ra
tuong ing & hinh 1 va hinh 2. Gia tri kich thudc hat
trung binh, thanh phin pha va hiéu sudt phan huy
quang dugc trinh bay trong bang 1.

T hinh 1, 2 va bang 1 nhan théy, ca hai mau
TiO, va W-TiO, dugc nung & 500 °C va 600 °C déu
két tinh chua t6t. Khi ting dan nhiét do nung, do két
tinh va kich thudc hat trung binh ting dan. Cac mau
W-TiO, déu c6 kich thude hat trung binh bé hon so
v6i mau TiO, & cung nhiét do nung tuong tmg. Nhu
vay, ion W(VI) da trc ché su phat trién cac hat tinh
thé Ti0,. Mau TiO, trong khoang nhiét d6 nung tir
500 dén 750 °C 1a don pha anata voi dinh pic dic
trung Gmg goc 20 xap xi 25,3°. Nhiét do bit dau
chuyén pha tir anata sang rutin trén mau TiO,
khoang 800 °C véi dinh pic dac trung cho pha rutin
xép xi 27,5°. Trong khi d6, mdu W-TiO, & khoang
nhiét d6 nung tir 500 dén 800 °C 1a don pha anata.
Piéu nay ching t6 rang, sy cd mit cia ion W(VI)
trong mang tinh thé TiO, da trc ché qua trinh chuyén
pha tir anata sang rutin. L. J. Alemany cho ring, su
khuéch tan clia cac nhom hydroxyl 1a qué trinh chi
yéu cho su chuyén pha. Do twong tac giita cac ion
W(VI) v6i cac nhom hydroxyl bé mat lam han ché
su khuyéch tan ctia cac nhom hydroxyl nén giam toc
d6 nung két va tc ché qua trinh chuyén pha [6]. Tac
dung kim ham qué trinh chuyén pha cta ion W(VI)
cling duoc tim thy trong cong trinh nghién ctru [7].

Két qua & bang 1 con cho thdy, ban dau khi ting
dan nhiét do nung, ca hai vat liéu TiO, va W-TiO,
déu c6 hiéu suat phan hiy quang tang va dat gia tri
cyc dai img voi mau duge nung ¢ 750 °C (d6i véi
mau TiO,) va 700 °C (dbi v6i mau W-TiO,). biéu
nay duoc cho la khi tang dan nhiét do nung vat li€u
6n dinh hon vé& mat cu trac. Nhung néu tiép tuc
tang nhiét do nung 16n hon 750 °C (d6i v6i miu
TiO,) va 700 °C (dbi véi miu W-TiO,), hiéu suat
phéan hiy quang giam. Nguyén nhén do kich thudc
hat trung binh tang. Céc tic gia [7] cling phat hi¢n
thdy quy ludt giam hiéu suat phan hiy quang khi ting
nhiét d§ nung quéa ngudng thich hgp. Nhin chung, vat
liéu W-TiO, déu c6 hiéu suat phan hiy quang cao
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hon so véi TiO, khong pha tap ¢ cac nhiét d6 nung
twong Gng. Nhu vay, nhi€t d6 nung thich hop cho

Cdu triic va hoat tinh quang xiic tdc...

qua trinh nung hdn hop bot khé gom Ti(OH), va
amoni wonframat 1a khoang 700 °C trong 2 gio.

Bdng 1: Kich thudc hat trung binh (D), thanh phin pha va hiéu suét phan huy quang (H) ctia cac mau TiO,
va W-TiO; & cac nhiét d6 nung khac nhau: 500, 600, 700, 750 va 800 °C

20

Hinh 1: Gian dd XRD cua cac mau TiO, & céc
nhiét 36 nung khac nhau: 500, 600, 700, 750 va
800 °C (thwr tur tir dudi 1én)

3.2. Anh huéng ciia ty 18 % mol W/Ti

Dé khao sat anh hudng cta ion W(VI) dén céu
truc va hoat tinh QXT trén bdt nano W-TiO,, luong
mubi amoni wonframat cho vao huyén phu Ti(OH),
thay ddi sao cho dat ty 1€ mol W/Ti la: 0; 0,25; 0,50;
0,75; 1,00 va 1,50 %. Cac mau duoc ki hiéu tuong
tmg tr TWO dén TW1,5. Hon hop bot kho mubi
vonfram va Ti(OH)s dugc nung & 700 °C trong 2
gio. Gian d6 XRD cta cic miu theo ty 1& % mol
W/Ti khac nhau dugc dua ra ¢ hinh 3. Gia tri kich
thuéc hat trung binh, thong s6 mang va dang pha
ctia cdc mau nay duoc trinh bay trong bang 2.

Tir hinh 3 cho thdy, trong khoang ty 1& % mol
W/Ti tir 0 dén 1,50 % san pham ton tai & dang don
pha anata véi dinh pic dac trung Gng véi cac goc 20
xap xi 25,3° Ngoai pic dic trung cho pha anata
khong thay xuét hién pha WO; hodc pha la nao khac
trong mau. Diéu nay c6 thé do ion W(VI) di tham
gia vao ciu trac mang tinh thé TiO, [8, 9]. Cac tac
gia [8, 9] cho rang, do c6 su twong dong vé ban kinh
gitta ion W(VI) va ion Ti(IV) nén ion W(VI) dé
dang thay thé ion Ti(IV) trong mang tinh thé TiO, dé
hinh thanh dung dich rin W, Ti;4O,. Su thay thé nay

Mau Thanh phan pha . Mau Thanh phan pha .
Ti0, | 2™ [Anata, % | Rutin, % | 7% | W-Tio, | 2™ [Anata.% | Rutin,% | 1 7°
T500 8.4 100 0 2543 TW500 6,8 100 0 68,70
T600 13,1 100 0 29,80 TW600 11,9 100 0 81,35
T700 24,7 100 0 37,82 TW700 20,0 100 0 98,47
T750 28,1 100 0 41,34 TW750 252 100 0 93,56
T800 352 70 30 32,73 TWS800 27.9 100 0 84,79
Anata Anata
N
Rutin Anata
oo
Ltnnn’]
ﬁ

Hinh 2: Gian dd XRD cta cac mau W-TiO, &
cac nhiét d6 nung: 500, 600, 700, 750 va
800 °C (tht tu tir dudi 1én)

Anata
Ny

20

40 50
2-Theta - Scale

Hinh 3: Gian &6 XRD cua cac mau TiO, & céc ty
1€ % mol W/Ti: 0; 0,25; 0,50; 0,75; 1,00 va 1,50 %

dan dén sai khac thong s6 mang ludi giita cac miu
W-TiO; so v6i mau TiO, khong pha tap. Tl bang 2
nhan thiy, trong khoang ty 1& % mol W/Ti tir 0,25
dén 0,75% cac mau W-TiO, c6 hang sé mang a 1on
hon so v6i mau TiO, khong pha tap. Nguyén nhan
c6 the trong khoang ty 1¢ % mol nay néng do W(VI)
trong cAu trac mang tinh thé TiO, con thap nén luc
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day gitra cac ion W(VI) trong mang tinh thé chiém
vu thé va dan dén su sai khac hing s6 mang a nhu
vira néu [2]. Néu tlep tuc tang ty 1& % mol W/Ti l6n
hon 0,75 %, dan dén ion W(VI) tham gia dang ke
vao cdu tric mang tinh thé TiO, va lic nay yéu tb
ban kinh c6 tinh quyét dinh. Do ban kinh ion cua
W(VI) 41 pm, bé hon so véi ban kinh ion Ti(IV) 51
pm nén cac mau W-TiO, c6 hing s6 mang a bé hon
0 v&i mau TiO, khong pha tap [2]. Nhu vay, tir sy
sai khiac hing s6 mang tinh thé gilta cac mau W-
Ti0; so vo1 TiO, khong pha tap co thé cho rang ion
W(VI) da tham gia vao cau tric mang tinh thé TiO,.
Béng 2 con cho théy, khi ting dan ty 1& % mol W/Ti,
kich thudc hat trung binh giam dan. Diéu nay ching
t6 ion W(VI) da wrc ché sy phat trién cac hat tinh thé
TiO,. Tac dung Gc ché sy phat trién cac hat tinh thé
TiO, cta ion W(VI) ciing dugc cong bd & cac cong
trinh nghién ctru [8, 9].

Anh TEM ciia mau TiO, khéng pha tap va miu
W-TiO, (6 ty 1& % mol W/Ti 0,50 %, nung & 700 °C)

100 nm

Hinh 4: Anh TEM ctia mau TiO, khong pha tap
(nung ¢ 700 °C trong 2 gio)

Phd UV-Vis pha rin cta cac mau bot TiO, & cac
ty 1&¢ % mol W/Ti: 0 (TWO0); 0,50 (TWO0,5) va 1,50
% (TW1,50) dugc dua ra ¢ hinh 6. Tu hinh 6 cho
thiy, hai mau W-TiO, déu c6 bd hép thu quang
chuyén dich vé viing anh sang nhin thdy hon so voi
méu TiO,. Khi ting ty 1& % mol W/Ti dén 1,50 % do
hap thu ‘quang c6 xu hudng giam. Gia tri nang luong
ving cdm ctia ba mau: TWO0; TW0,50 va TW1,50
qua sy tinh toan tir hinh 6 c6 gia tri twong Ung la:
3,30, 3,03 va 3,10 eV. Nhu vy, su tham gia cia ion
W(VI) vao trong mang tinh thé TiO, co thé gitp
chuyén dich d6 hip thu quang vé ving 4nh sang

Nguyén Vin Hung va cong sw
dugc dua ra twong Ung ¢ hinh 4 va 5. Tur cac anh
TEM cl}o thay, mgﬁu W-Tin ¢ kich thuéce hgt bé va
phén bo tuong doi dong déu hon so voi mau TiO,
khong dugc pha tap.

Bang 2: Kich thuéc hat trung binh (D), thong s6
mang va dang pha cua cac mau TiO, 6 cac ty 1€ %

mol W/Ti khac nhau

. ) 140 Thong sé mang
Kihiéu | Ty1é % Dang

mau | mol W/Ti D,nm | a=b, S pha

A A

TWO 0 23,5 | 3,781 | 9,504 | Anata
TWO0,.25| 025 22,1 | 3,781 | 9,493 | Anata
TWO0,50| 0,50 21,2 | 3,782 | 9,498 | Anata
TWO0,75| 0,75 20,7 | 3,788 | 9,509 | Anata
TW1,00| 1,00 19,8 | 3,775 | 9,493 | Anata
TW1,50| 1,50 16,1 | 3,774 | 9,502 | Anata

20 nm

Hinh 5: Anh TEM ciia mau W-TiO, (6 ty 1& % mol

W/Ti 0,50 % va nung & 700 °C trong 2 gio)

nhin thay va thu hep nang luong ving cAm cua TiO,.

Gi4 tri hiéu suét phan hiy quang cac mau TiO,
theo ty 1€ % mol W/Ti khac nhau dugc trinh bay
trong bang 3. Két qua cho thay, khi ting dan ty 18 %
mol W/Ti, hiéu suét phan huy quang ting din va dat
gia tri cuc dai & mau c6 ty 1&¢ % mol W/Ti 0,50 %.
Néu tiép tuc ting ty 1& nay 16n hon 0,50 %, higu suat
phan huy quang giam. Theo H. Tian [10], ion W(VI)
trong mang tinh thé TiO, dé dang bi khir xudng
W(V), cac electron bi kich thich quang trong vung
dan cua TiO, c6 thé duoc nhan boi W(VI) theo
phuong trinh (1).

Bdng 3: Hiéu suat phan hity quang ctia cac mau TiO, ¢ nhiing ty 16 % mol W/Ti khac nhau

Ki hiéu mau TWO TWO0,25 TWO0,50 TWO0,75 TW1,00 TWI1,50
Ty 1€ % mol W/Ti 0 0,25 0,50 0,75 1,00 1,50
Hiéu suat phan huy , % 38,17 74,72 98,52 87,89 72,49 61,27
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(b)

Hinh 6: Pho UV-Vis cua cac miu TiO, & ty 1¢ % mol W/Ti: 0; 0,50 va 1,50 (a) va phd UV-Vis cua cac
mau TiO, sau khi chuyén tuong tng tir bude song anh sang sang nang lugng vung cam
theo ham Kubelka-Munk (b)

WD + e, = W(V) (1

Trong truong hop nay, pha tap ion W(VI) giap
bay cac dién tor quang sinh nham giam su tai két
hop gitra cac dién tir va 16 trong nén tang cuodng
hoat tinh QXT. Tuy nhién, ne¢u pha tap ion W(VI) ¢
néng dd qua cao, n6 s€ hoat dong nhu cac tam tai
hop electron va 18 trong va 1am giam hiéu suat phan
hiy QXT theo phuong trinh (2) va (3):

W(VD) +eg0,), = W(V) 2)
WV) + K, — WV 3)

Nhin chung, cac mau W-TiO, déu co hiéu suit
phan hity xanh metylen cao hon so véi miu TiO,
khong phap tap. Mau W-TiO, & ty 1& % mol W/Ti
0,5% co hiéu suat phan hily quang cao nhét va cao
hon khodng 2,58 1an so v6i mau TiO, khong pha tap
sau chi 45 phit chiéu sang.

4. KET LUAN

Pi diéu ché thanh cong vat liéu nano W-TiO,
bang phuong phap uét don gian tir chat dau la
titanyl sunfat va amoni wonframat. Vat licu W-TiO,
diéu ché dugc & dang don pha anata, kich thudc hat
trung binh khoang 16 dén 22 nm. Mau W-TiO, ¢ ty
1€ % mol W/Ti 0,50 % va dugc nung ¢ 700 °C trong
2 gid ¢ hoat tinh quang xtc tic cao nhéit. Dung
dich xanh metylen gan nhu bi phan huy hoan toan
chi sau 45 phat chiéu sang boi dén Compact. Mau
W-TiO, ¢ ty 1& % mol W/Ti 0,50% c6 hiéu sut
phan hiy quang cao hon khoang 2,58 1in so v&i
mau TiO, khong pha tap. Két qua nay cho thiy tiém
nang ung dung cua véat licu W-TiO, trong xtr 1i cac
chat 6 nhiém hitu co. Ngoai ra, nghién ciru con cho

thay, i ion W(VI) thé hién vai tro thu hep nang luong
ving cam, rc ché sy phat trién cac hat tinh thé va
qua trinh chuyén pha tir anata sang rutin cta TiO,.
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