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TOM TAT

Mang TiO, dong pha tap vanadium (V) va nito (N) (TiO,:(V, N)) dugc ché tao bang
phuong phap solgel tir cic tién chat vanadium clorua (IIT), uré va tetra butyl orthotitanate. Cau
tric ciia mang dugc khao sat boi phép do nhidu xa tia X (XRD). Tinh chit quang va hinh thai bé
mit ctia cac mang lan luot dugc danh gia bai phép do phd Uv-Vis va phép do SEM. Hoat tinh
quang xUc tac cua cac mang dugc danh gia thong qua sy phan hiy dung dich metyl blue khi co6
ngam mang va dugc chiéu sang. Bo hip thu ciia cic mang TiO.:(V, N) ¢ sy dich chuyén vé
vung anh sang kha kién 1a do nito da pha tap vao trong mang. Két qua cho thdy mang TiOx:(V,
N) ¢6 kha ning quang xuc tac cao trong ving 4nh sang kha kién. Mang TiO,:(V, N) t6t nhat
phan huy 90% dung dich metyl blue trong thoi gian 150 phut khi chiéu sang bang den compact.
Mang TiO,:(V, N) ¢6 kha ning quang xtic tic trong ving anh sang kha kién t6t hon mang TiO,
thudn va mang TiO, don pha tap.

Tir khéa: quang xic téc, tinh chit quang, phan huy, solgel, ddng pha tap.

1. MO PAU

DPong hanh véi su phat trién khong ngimg cua xa hdi va nhitng budc tién trong cudc cach
mang vé khoa hoc 12 vin nan nhirc nhdi vé 6 nhiém méi truong. Nhiém vu cip bach cua khoa
hoc hién nay 1a tim ra nhitng phuong an tich cuc ché tao ra nhitng vat liéu can thiét cho qua trinh
lam sach moi truong mang lai hiéu qua kinh té cao. Mot trong sé nhitng giai phap da duogc cac
nha khoa hoc tap trung nghién ctru 1a giai phap sir dung cac vt liéu quang xtc tac dé lam sach
moi trudng

Trong cac vat liéu quang xtic tdc nhu ZnO, Ta,0s, TiO,... thi TiO, vu thé nhat nho vao kha
ning oxi hoa manh cip electron- 13 tréng dugc sinh ra khi hip thu photon 4nh sang c6 budc song
ngén hon 380nm, tinh tro héa hoc, than thién véi moi truong, gia thanh ré,.... Chi bﬁng viéc
chiéu anh sang thich hop thi cic chat ban huu co bam trén bé mit TiO, bj phan huy va bé mat
TiO, tré 1én sach. Tinh chat nay cia TiO, dugc ing dung dé lam sach nuéc, khong khi, phan huy
cac chét hitu co trén bé mat, phan huy dau tran trén mat nude, diét khuan,...
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Tuy nhién, véi do rong ving cim 16n vao khoang 3.2 eV thi TiO, chi ¢6 thé cho hiéu tng
quang xuc tac trong ving anh sang tir ngoai (UV). Nhung birc xa UV chi chiém 3 % - 5 % trong
phé anh sang mat troi nén hidu qua quang xtic tic ngoai troi thap [1 - 2]. Bé sir dung ning luong
mit troi mot cach hiéu qua ta phai mé dua dwgc hidu img quang xic tac ciia TiO, vé ving anh
sang kha kién. Nhiéu nghién ctru da duoc thuc hién dé cai thién tinh ning quang xuc tac cia
TiO, trong ving anh sang kha kién nhu pha tap kim loai, pha tap kim loai chuyén tiép, pha tap
phi kim, gin chat nhay quang trén bé mat, ... [4]. Theo [3 - 5] thi TiO, pha tap kim loai chuyén
tiép tao ra dugc mot sé mirc tap noéng trong ving cim, chinh cac muc nay s¢ bay cac electron
nén lam giam thoi gian tai hop cua cidp electron - 16 trong. Tuy nhién khi pha tap kim loai
chuyén tiép lai 1am ting tAm tai hop va giy ra sy khong bén nhiét cua vat liéu TiO, pha tap [3 -
5]. Pha tap phi kim [7 - 9] thi TiO, s& thu hep d6 rong ving cam do d6 co thé dwa hiéu ung
quang xuc tac vé ving anh sang kha kién. Theo Gai [8] va cac cong sy dé xuat dong pha tap phi
kim va kim loai vao TiO,dé mé rong b hip thu cua TiO, vé ving anh sang nhin thay va kéo dai
thoi gian tai hop giita dién tir va 15 tréng dan dén hiéu suit quang xuc tac cua TiO, trong ving
anh sang kha kién ting cao. C6 nhiéu phwong phap dé ché tao mang TiO, pha tap nhu phun xa,
solgel, boc bay, CVD, ....

Trong nghién ciru nay, ching toi tién hanh ché tao mang TiO,:(V, N) bang phuwong phap
solgel. Cau trtic va cac tinh chat cia mang dugc khao sat bang cac ki thuat khac nhau.

2. QUA TRINH THU'C NGHIEM

Qua trinh tao mang TiO,:(V, N) dugc thé hién nhu trong hinh 1. Vanadium (III) clorua
(VCls) duoc hoa tan trong ethanol (C,HsOH) khudy trong 5 gid ¢ 0 °C ta dugc dung dich 1.
Dung dich 2 duoc tao thanh biang cach hoa tan uré (CO(NH),) trong ethanol va nude cit (H,0) &
nhiét d6 phong. Dung dich 3 dugc ché tao bing cach cho tetra butyl orthotitanat (Ti(O-Bu)s) hoa
tan trong hon hop dung dich diethanolamine (HN(C,H4OH),) va ethanol va khudy lién tuc trong
1 gid. Sau d6 cho thém nudc vao va khudy lién tuc thém 2 gio' & nhiét dd phong. Dung dich 1 va
dung dich 2 duoc cho tir tir vao dung dich 3 theo cac ti 1¢ khac nhau va khuay trong 2 gio & nhiét
d6 phong dé tao ra cac dung dich sol TiO,:(V, N). Ti 1¢ pha tap dung dich cua V1a 7 % va cua N
thay d6i tir 0 % dén 40 %. Mang dugc tao trén dé thuy tinh bang phuong phap phu nhing. Sau
d6 cac mang duoc siy & 80 °C trong vong 15 phit va duge nung & 500 °C trong 2 gid. Ta thu
duoc TiO, thuan va cac mang TiO,: (V, N) & cac néng dd pha tap khac nhau dugc ki hi¢u Ia
TiV7T (V7%, N0%), TiN40 (VO %, N40%), TiVIN10 (V7 %, N10 %), TiVIN20 (V7 %, N20
%), TIVIN30 (V7 %, N30 %) va TiVIN40 (V7 %, N40 %)

So dd tao mang TiO,: (V, N)
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DUNG DICH1 = DUNG DICH 2=
Vanadium chlorine + Ethanol Urea + Ethanol + Nudc cdt 2 ldn
l Thém vao tung giot v
[ DUNG DICH 3 =Ti(O-Bu), + HN(C,H,OH),+ Ethanol va nudc ]

Khudy 2 gid

[ Phi nhiing ]

\ 4
[ S4y & 80 °C trong 15 phut ]

v

[ Nung mang ¢ 450 °C trong 2 gio ]

'

[ Mang TiO,:(V, N) ]

Hinh 1. Qué trinh tao mang TiO,:(V, N) bang phuong phéap sol-gel.

Hinh thai bé mit cua cac mang dugc khao sat bai kinh hién vi dién tir quét (SEM) 7510
JEOL vién phan tich vat liéu mién nam. CAu tric cta cac mang duoc xac dinh béng may nhiéu
xa tia X. Tinh chit quang ctia cic mang dugc xac dinh thong qua phép do phé hap thu bang may
quang pho Halo RB-10 trong khoang budc séng tur 200 dén 1100 nm. Goc thim udt dugc xac
dinh bang hé do siéu thdm wdt ctia mang két hop voi phan mém FTA32. Tinh ning quang xuc
tac cua cac mang dugc danh gia bang d6 phan huy cua metyl blue (MB) c6 cong thirc phén ti 14
C16H,sCIN;S khi dugc chiéu sang dudi dén compact 20 W (anh sang nhin thay). Cac mang duoc
cho vao cac cde thi nghiém cé 10 ppm dung dich MB. Cit sau 30 phiit duoc chiéu sang do phd
hép thu cta dung dich MB bang may quang phd UV-Vis tai budc séong 662 nm. Sau cung, ta tinh
duoc néng d6 dung dich MB ¢ cac 1an chiéu xa khac nhau dua trén dinh luat Lambert-Beer:

A= —logi =elC
IO
trong do: 4 1a @6 hip thu; C 1a ndng do ctia dung dich (mol/l, mg/l); / 1a chiéu day 16p dung dich
(cm); 1 hé s6 hip thu phan tir. Tir cong thirc trén ta suy ra:
C 4

C, 4
voi Cova A la ndng d6 va do hap thu cua dung dich ¢ thoi diém ban dau. Dung d6 thi biéu dién
su thay doi nong d6 C/Cy cua dung dich MB khi dugc chiéu sang theo thoi gian tmg voi cac mau
¢6 ndng do phan tram pha tap khac nhau.

3. KET QUA VA THAO LUAN
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Hinh 2. Phd UV-Vis cua cac mang TiO, thuén, TiV7, TiN40 va TiO,:(V, N).

Tir hinh 2, ta thiy bo hip thu ciia mang TiV7 va TiN40 ¢ sy dich chuyén chua nhiéu so
v6i mang TiO, thudn trong khi do cac mang TiO,:(V, N) lai c6 bo hép thu dich chuyén 16 rét vé
phia anh sang nhin thay. Piéu nay dwoc cho 1a do khi thuc hién dong pha tap V, N vao TiO, thi
N da pha tap dugc vao mang TiO, thay thé cho O nén da lam thu hep d6 rong ving cdm so Vol
TiO, thudn va V pha tap vao mang TiO, thay thé cho Ti tao ra mot s6 mirc bay trong ving cidm
dan dén kéo dai thoi gian tai hop cua dién tir va 16 tréng. Do d6 mang TiO,:(V, N) ¢6 kha ning
quang xuc tac & vung kha kién.
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Hinh 3. D4 thi biéu dién sy thay doi nong do MB theo thoi gian ctia cac mang TiO,, TiN40),
TiV7 va TiO,:(V,N) theo cac nong d6 khac nhau.

Hinh 3 biéu dién duong phan hiy dung dich MB khi ¢6 ngdm mang theo thoi gian trong
didu kién duoc chiéu sang bang dén compact. Ta thiy toc d6 phan huy dung dich MB ctia mang
TiO»:(V, N) ting nhiéu so v6i mang TiO, thuan, TiV7, TiN40, diéu nay chimg to ring mang
TiO5:(V, N) ¢6 tinh quang xiic tac trong ving anh sang kha kién t6t hon so véi mang TiO, thuan,
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hay TiO, don pha tap. Diéu nay duoc giai thich 1a do khi dong pha tap V va N vao mang TiO,
v6i nong do thich hop thi V sé& tao ra mot sb murc tap nong trong vung cam nén sé bay dién tir
lam tang thoi gian tai hop cia dién tir va 16 tréng két qua 1a ting hiéu sudt quang xuc tac. Ngoai
ra khi N thay thé O trong mang TiO, thi N s€ tao thanh mirc N2p nam & sat trén dinh ving hoa
tri, do d6 s& lam thu hep do rong ving cdm do dé chi can hp thu photon c6 budc séng nim
trong ving 4nh sang kha kién thi ciing xay ra dwoc qua trinh quang xuc tac. Cac mang TiO»:(V,
N) khi ham lugng pha tap N cang cao (10 % — 40 %) thi tbc do phan hiy dung dich metyl blue
cang tang va ¢ ham luong pha tap cua N trong dung dich sol 1a 40 %, thi mang TiO,:(V, N) c6
kha ning quang xuc tac tot nhat 1a phan huy khoang 90 % (0,0889) dung dich metyl blue trong
thoi gian 150 phut khi chiu sang bang dén compact. Vay khi ddng pha tap V va N vao TiO, di
gitip nang cao hoat tinh quang xuc tac ctia mang trong ving anh sang kha kién.
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w ]
L
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o
| MN2p
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Ving héa tri

Hinh 4. Sy phan bb mirc nang lwong ciia mang TiO,:(V,N) [8].

Véi két qua do hoat tinh quang xtic tac & trén, chung t6i chon mang TiO, thuan, va TiO,:(V,
N) véi tap V 7 %, N 40 % (ki hiéu 1a TiV7N40) c6 tinh quang xtc tac tot nhat trong ving dnh
sang kha kién dé khao sat cau truc bang phép do XRD.

Tir hinh 5 ta thdy, tit ca cac mang déu c6 dinh phd dic trung cho cdu triic pha anatase &
mit tinh thé (101). Trén phd XRD ta khong thdy dinh phd dai dién cho V va N diéu nay dwoc
cho 12 do boi ham lwong V va N khi pha tap 14 rat nho nén khong du dé tao thanh pha méi.
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Hinh 5. Gian &6 XRD ciia mang TiO, thudn va TiO,:(V, N) véi tap V 7 %, N 40 %
(ki hiéu 1a TiV7NA40).
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Hinh 6. Anh SEM ctia mang TiO, thuan. Hinh 7. Anh SEM ctia mang TiV7N40.

Tir hinh 6 va hinh 7, ta thiy bé mit cac mang kha dong déu. Tuy nhién, mang TiV7N40 ¢
cau triic x0p hon, kich thudc hat dong déu hon, dién tich bé mat hi€u dung kha 16n, tao diéu kién
tot cho kha ndng quang xuc tac ciia mang.
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Hinh 8. Ph6 EDS ciia mang TiV7N40.

Ham luong pha tap ciia V va N trén mang TiV7N40 duogc xac dinh bang phap do pho tan
xa tia X (pho EDS) va két qua nhu trong hinh 8. Tir két qua do phd EDS thi ti 1¢ pha tap cia V
va N vao mang TiV7N40 1 0,96 % va 7,84 %. Diéu nay chimg to rang ching t6i di ché tao
thanh cong dwoc mang TiO, ddng pha tap V va N.

Hinh 9. Goc tham udt ctia mang TiV7N40 ¢ 0 phut (hinh trai) va & 270 phut sau khi chiéu dén compact.
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Chung t6i tién hanh do goc thim w6t ciia mang TiO, dong pha tap V va N thi két qua nhu
hinh 9, sau 270 phit chiéu sang bang dén compact thi goc thAm u6t giam xuéng nhé hon 10 do.
Nhu vady mang TiO:(V, N) c6 tinh siéu thim wdt trong vung anh sang kha kién. Két qua nay
mdt 1an nita chimg t6 mang Ti0,:(V,N) c6 tinh quang xuc tac rt tot trong vung kha kién.

4. KET LUAN

Mang TiO,:(V, N) dugc ché tao thanh cong bang phuwong phap sol-gel. CAu triic cia cac
mang chi ¢6 pha anatase. Khi dong pha tap V va N voi nong do thich hgp vao mang tinh thé
TiO, cac nguyén tir V s& thay thé cac nguyén tir Ti va cac nguyén tir N s& thay thé cac nguyén tur
O trong mang tinh thé TiO, dé tao cac mirc Jacceptor va donor trong ving cam dan dén kéo dai
thoi gian tai to hop giira electron va 15 tréng, va lam thu hep d6 rong ving cam nén mang
TiO5:(V, N) ¢c6 tinh quang xtc tac trong ving kha kién tot hon so v6i mang TiO, thuan va TiO,
don pha tap. Mang TiO»:(V, N) ¢c6 tinh quang xuc tac tot nhat 1a mang c6 ham luong pha tap
dung dich cua V 1a 7 % va ham luong pha tap dung dich cua N 1a 40 %, phan huy dugc khoang
90% dung dich metyl blue sau 150 phat chiéu sang bang dén compact va goc thim uét giam
xudng nho hon 10 d9 sau 270 phat chiéu dén. Ham lugng pha tap V va N tot nhat trén mang
duoc xac dinh 1a 0,96 % va 7,84 %.
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ABSTRACT

PHOTOCATALYTIC ACTIVITY OF VANADIUM AND NITROGEN CO-DOPED
TITANIUM DIOXIDE THIN FILM IN THE VISIBLE LIGHT

Hang Phung Nguyen Thai'*", Phuong Duong Ai', Hung Le Vu Tuan'

"Ho Chi Minh City University of Science
ZTay Nguyen University

"Email: thaihang72@gmail.com

The V and N co-doped TiO; (TiO,:(V, N)) thin films were prepared by solgel method using
vanadium (III) chloride, ure and tetra butyl orthotitanate. The structure of all thin films were
characterized by XRD. The optical properties and surface morphology of the thin films were
studied by UV-Vis techniques and SEM, respectively. The photocatalytic activity of the thin
films was investigated by measuring the photo-degradation of methylene blue solution. The
absorption edge of TiO,:(V, N) thin films which shift to visible range shows the effect of
nitrogen doped into films. The result shows that TiO,:(V, N) thin films have good photocatalytic
activity under visible light. They can decompose about 90 % MB solution after 150 minutes
under compact light irradiation. The TiO,:(V, N) thin films show better photocatalytic activity
under visible light than that of pure TiO, and single doped TiO, thin films.

Keywords: photocatalytic, optical properties, degradation, solgel, co-doped

TG: B6 sung: Tom tat + Tir khoa (tuong thich phan t. Anh)
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