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TOM TAT

Viéc diéu ché TiO, dang 6ng nano duoc
thuc hién bdng phuong phap anod héa véi
anod Ti trong dung moi ethylene glycol hoa
tan nwoc voi sw hién dién cia NH,F. San
phém duoc thir hoat tinh quang xuc téc gidm
cép methylene xanh dwéi birc xa UV A
(buéc séng tir 320-380 nm). Céc yéu té:
thanh phén dung dich dién phén, dién thé,
thoi gian dién phéan, thoi gian nung duwoc
khao sét nham tim ra diéu kién ché tao mau

TiO, ¢6 hoat tinh quang xuc tac tét nhat. Cac
tac gid da diéu ché dwoc mang éng nano
TiO, dang anatase co6 dd trat tw cao, voi
duong kinh trong dat tor 65 dén 130 nm, do
dai éng trong khodng 2-3 um, c6 dé bam
dinh tét trén Ti kim loai. D6 chuyén héa cla
méu tot nhét (dién tich 2x2cm) la 69% véi
100ml methylene xanh néng d6 5.10"°M sau
3 gio duwoc birc xa dudi tia UV A.

Ttr khéa: TiO, 6ng nano, xtc tac quang hoa, ethylene glycol, anod héa.

MO PAU

TiO, 1 xtc tac quang héa phé bién nhat nho
c6 hiéu qua cao, gia thanh thip, tro héa hoc, bén
quang héa. Mang ng nano TiO, trén nén kim
loai v6i nhitng tinh chat héa ly rit dic trung hta
hen s& dwoc tng dung rong rdi trong linh vuc
nay. Nam 2001, Gong va cac cong su [4] lan dau
tién didu ché ra cau trdc mang lugi TiO, dai 500
nm cb dinh trén nén titan bing phwong phap anod
héa kim loai titan trong dung dich dién phan
nudc ¢ HF. Qué trinh tong hop anod héa mang
dng nano TiO, [1-6] c6 thé duoc chia thanh cac
giai doan tir anod héa Ti trong dung dich dién
phan nudc, trong dung dich dién phan dém, trong

dung dich dién phan chira dung mdi hiru co phan
cuc ¢6 chira F~ dén anod héa Ti trong dung dich
dién phan khéng chira F~. Viéc ung dung cac
nghién ctu nay trong linh vyuc Xdc tac quang héa
cling da dugc bit diu chi y vai nam gan day [7—
10]. Céc vu diém ndi bat co thé ké dén la: do trat
ty cao cua cac don vi cAu tric ¢ nano, dugc cb
dinh trén nén nén dé thu hdi va tai sir dung, dién
tich bé mat xtc tac 16n. Dung dich dién phan da
duoc lya chon cho tng dung quang xuc tac la
ethylene glycol-HF [7], propantriol-HF, NaF [8],
dung dich nuéc NaF-Na,SO, [9], glycerol-NH,F
[10]. Tuy vao diéu kién diéu ché ban dau nhu lya
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chon dung méi va ham lugng F~ trong dung dich
dién phan, thé dién phan, thoi gian dién phan...
ma tinh chat xdc tac quang héa khac biét nhau.
Vi vay viéc trién khai nghién ciru trong cac diéu
kién cu thé dé xac dinh méi tuong quan giira: Ky
thuat diéu ché — Hinh thai, Cau tric san pham —
Hoat tinh quang xuc tac ludn la can thiét dé
hudéng t6i viée didu khién dugc toan bo quy trinh
va nang cao hiéu biét can ban vé vin dé quang
xuc tac.

Trong pham vi dé tai nay, ching tbi tién
hanh diéu ché TiO, éng nano dwoc cb dinh trén
nén Ti v6i muyc tiéu tao ra mot xuc tac quang hoa
bang phuong phap anod hoa Ti. Dung dich dién
phan duoc lua chon la ethylene glycol vai ti Ié
xac dinh nuéc hoa tan NH,F. Hoat tinh quang
xiuc tac dugc danh gia qua viéc giam cip
methylene xanh.

VAT LIEU VA PHUONG PHAP
Pién cuc

Anod: Tam titanium kich thuéc 2x3x0,3 cm,
do tinh khiét > 98%, dugc mai véi gidy nham
nudc ¢d 1200, rea sach ngdm trong dung dich
HNO; 1:1, sau d6 rira sach bang nudc cat rdi siy
kho & 100°C trong 5 phut. Néi véi cuc duong cua
ngudn dién mot chiéu.

Catod: Tam carbon graphit, kich thuéc
2x3x0,3 cm, mai vai gidy nham nudc ¢ 1200 rdi
rira sach bang nudc ct, sdy khd. Néi voi cuc am
ctia ngudn dién mot chiéu.

Dung dich dién phan

Dung dich dién phan dugc chuan bi dya trén
co s6 dung mdi ethylene glycol hoa tan mot
lugng xac dinh dung dich nudce chira NH4F.
Phwong phap diéu ché mang lwéi 6ng nano
TiO, phii trén bé mit dién cue Ti

Diéu ché mang luéi 6ng nano TiO, gin trén
bé mat dién cuc Ti kim loai tai nhiét do phong

V6i so d6 dién phan nhu Hinh 1. Khoang céch
giira 2 dién cuc 1a 2 cm. Mau sau khi dién phéan
duogc rira sach bang nuéc cat, dé kho va dem
nung & 500°C dé chuyén tir pha vo dinh hinh
sang pha tinh thé anatase.

i1_
O
)

Titan Carbon

Anod
Catod

Dung dich NH4F va nuoc
trong ethylen glycol

Hinh 1. So @5 minh hoa binh dién phan

Cac miu dugc didu ché dé khao sat anh
huong cua ting yéu té theo ché d6 mot bién nhu
sau: Nhom A: thay doi dién thé (20-60V); Nhém
B: thay ddi thoi gian dién phan (1-10 gio); Nhém
C: thay d6i khéi lwong NHF (0,25-1,0% );
Nhom D: thay doi ti 1¢ thé tich nudc: ethylene
glycol (2-10%) va Nhom E: thay d6i thoi gian
nung (1-5 gio).

Khio sat hoat tinh xic tic ciia sain phim bang
phin ng phan xanh
(methylene blue - MB)

Hé thdng duoc dat o nhiét do phong va é&p
suat khi quyén. Thé tich khao sat MB 1a 100ml
v6i ndng do khoi diém 5x10°M. Cac miu TiO,
dugc treo trong dung dich (bé mat mau xdc tac
song song véi bé mat thoang) véi khoang céch tir
mau dén bé mat dung dich 12 1 cm.

hiiy methylene
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Dung dich dwoc khuay trong vong 60 phat
trong budng téi dé dat can bang hap phu truéc
khi chiéu sang bang dén UV tim 9W. Nong do
MB ban dau duogc xac dinh sau khi can bing hap
phu va nong d6 sau khi chiéu xa 3 gio dugc so
sanh dé danh gia hiéu qua xuc tac.

Phwong phap phan tich

Phuong phap nhidu Xa tia X (XRD) duogc

thuc hién trén may Bruker D8 Advance.

Phuong phap chup anh kinh hién vi dién tir
quét (SEM) dugc thuc hién trén may FE-SEM
54800.

Nong d6 MB duoc xac dinh bang phwong
phap tric quang trén may Optima SP-300 tai
budc séng 660 nm.

KET QUA -THAO LUAN
Khio sit cdu triic, hinh thai tinh thé sin phim

Gian dd XRD bé mit cia miu 40V-5h—
0,5%-4%-3h trong Hinh 2 cho thiy thanh phan
pha trén bé mat mau x(c téc la anatase.

1 250 -

200 -

150 -

100 -

= | anatase tham chieu

———I{mau 40V-5h-0,5%-4%-3h)

20 30 40
20

50

Hinh 2. Gian dd XRD bé mit ctia miu 40V-5h—0,5%-4%—3h

Anh SEM (Hinh 3, Hinh 4) cho thiy maiu
xic tac c6 dang dng dai kich thudc nano, dugc
sap xép trat ty va bam dinh tot trén nén Ti kim
loai. C4c 6ng phat trién thang, vuéng goc véi nén

titan kim loai. Nén titan kim loai dé lai cac vét
I6m sau khi tach bo I6p oxid, ching to cac dng
duoc hinh thanh theo co ché dn mon hoa hoc.
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Hinh 4. Anh SEM bé mit cic mu xuc tac diéu ché & dién thé khac nhau: a) Mau 20V-5h-0,5%-4%-3h;
b) MAu 40V-5h-0,5%-4%-3h; ¢) Mau 50V-5h-0,5%-4%-3h; d) MAu 60V-5h-0,5%-4%-3h

Hinh thai cua dng thay dbi tuy theo diéu kién
dién phan. Khi thay déi dién thé, duong kinh
trong cua 6ng va bé day thanh ong thay doi tuyén
tinh véi dién thé dién phan (Bang 1, Hinh 5). Khi
dién thé tang lam tang dién truong thu hat ion F~
dén, hd trg qua trinh hoa tan 16p oxid dac sit ban

dau, mo rong day 16 x6p ban dau nén duong kinh
ong tang. Chiéu dai dng ciing ting khi ting dién
thé, cu thé véi mau 40V-5h-0,5%-4%-3h, chiéu
dai 6ng trung binh 2,5-3um trong khi véi mau
60V-5h-0,5%-4%-3h, chiéu dai éng trung binh
la 5-6pum.

Bang 1. Duong kinh trong va ngoai trung binh ciia dng nano TiO, khi dién phan & dién thé khac

Pién thé (V) 20 40 50 60
Puwong kinh trong (nm) 61 110 130 150
Pwong kinh ngoai (nm) 86 140 165 205
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Hinh 6. Anh SEM bé mit cic miu xuc tac diéu ché & ham lwong nudc khac nhau
a) Miu 40V-4h-0,5%-2%-3h; b) Mau 40V—4h-0,5%-10%-3h

Su tang ham lugng nudc lam tang duong
kinh ng (Hinh 6). Thoi gian dién phan ting lam
tang duong kinh thanh dng. Céac nhan xét nay
gidng nhu cac tac gia da tién hanh anod hoa trong
dung dich dién phan cé chira F~ du khac diéu
kién dién phan [1-6]. Tuy nhién, bién thién nong
dd NH,4F trong vung khao sat tir 0,25 va 1,00%
khéi lugng khong anh huong dang ké dén kich
thudc va bé day cia ong TiO,.

Hoat tinh quang xuc tiac trong phan &ng phin
hiily methylene xanh

Anh hwong ciia thanh phan dung dich dién
phén dén hoat tinh xtic tic

Chung t6i thuc hién nhém thi nghiém C véi
c4c mMAu 40V—4h—x%-4%-3h: thay doi ham
lugng NH,F (0,25; 0,50; 0,75 va 1,00% khdi
lugng dung dich dién phan) va nhém thi nghiém
D véi cac mau 40V—4h-0,5%x%-3h: thay ddi
ham lugng nudc (2; 4; 5; 7 va 10 % thé tich dung

|||||||||||

Hinh 5. Bién thién dudng kinh ctia éng nano TiO, theo dién thé dién phan

b)

TP L T THEER TN

dich dién phan). Cac két qua duoc trinh bay trong
Hinh 7 va 8 cho thay lugng NH,F va H,0 trong
dung dich dién phén ethylene glycol anh huong
dén hoat tinh xc tac cua cac mau. Trong d6, mau
¢6 ham lwong NH,F va H,0 1a 0,5% khéi luong
NH,F va 4% thé tich nudc c6 hoat tinh x(c tac
cao nhét (hiéu suat chuyén hoa dat duoc sau 3
gio dudi buc xa UV 13 69,0%). DU két qua chup
anh SEM cho thay ham luong NH,F khdng anh
huong nhidu dén kich thudc va bé day éng,
nhung cac mau ndy cho hoat tinh quang x(c tac
khéc nhau, c6 thé chiu anh husng cua do go ghé
cua thanh &ng va chiéu dai éng. Su bién thién cua
hiéu qua xuc tdc mau khi ting ham lwong nuéc
ciing cho thiy hoat tinh xdc tac chiu anh huong
bai nhiéu yéu tb phuc tap twong hd véi nhau, cha
yéu lién quan dén kich thugc, bé day va do go
ghé cua thanh 6ng.
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H (%) Thay d6i ham lweng NH,F
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Hinh 7. Bién thién dé chuyén hoa MB (%) theo ham Hinh 8. Bién thién do chuyén héa MB (%) theo ham

lugng NH,F véi cac mau 40V—4h—x%-4%-3h

Anh hwong ciia dién thé ciia qua trinh dién
phin dén hoat tinh xuc tic

Chung t6i thuc hién nhom thi nghiém A véi
c4c mau xXV—4h-0,5%-4%3h: thay ddi dién thé
dién phan (20; 30; 35; 40; 45; 50 va 60V).

Két qua trinh bay trong Hinh 9 cho thay khi
tang dién thé dién phan tir 20V dén 60V, hoat
tinh xuc tac quang ting va dat cuc dai ¢ dién thé
40V rdi sau d6 lai giam. Viéc tang dién thé lam
tang duong kinh éng va bé day thanh 6ng nano
nhu di thiy & Hinh 4, ddng thoi lam ting chidu

lugng nudc véi cac mau 40V—4h-0,5%x%—3h

dai dng. Viéc tang duong kinh 6ng nano s& gitp
khuéch tan MB vao trong 6ng dé dang lam ting
su tiép xUc gitra MB va TiO,. Nhung dudng kinh
ong qua 1on s& lam giam dién tich bé mat riéng
cia xuc tac khién cho hoat tinh xdc tac giam.
Chiéu dai dng cang ting dong nghia véi dién tich
bé mat xdc tac cang Ion. Tuy nhién, éng qua dai
s& lam giam sy khuéch tan MB vao, ciing nhu
viéc hap thu birc xa UV sau bén trong long ong
giam lam anh huéng dén hiéu niang xiic tac quang
hoa.

Thay déi dién thé dién phan
H (%) :
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20V 30V 35V 4ov 45V 50V 60V

Pién thé dién phin

Thay déi thi gian dién phan

H(%)
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70 | ! 66,6
%01 48,9 49,9
50 1 41,0
40 A
30 A
20 A
10
0 T T

1h 3h 4h Sh 10h

Thoi gian dién phan

Hinh 9. Bién thién d6 chuyén hoa MB (%) theo dién
thé dién phan vai cac mau xV—4h-0,5%-4%-3h

Anh huéng cia thoi gian dién phian dén hoat
tinh xuc tac

Chung tbi thuc hién nhém thi nghiém B véi
c4c mau 40V-xh-0,5%-4%-3h: thay doi thoi

Hinh 10. Bién thién do chuyén hoa MB (%) theo thoi
gian dién phan vai cac mau 40V—-xh-0,5%—4%-3h

gian dién phan (1; 3; 4; 5 va 10 gio). Két qua trén
Hinh 10 cho thay hoat tinh xuc tic ting theo thoi
gian dién phéan dat cyc dai ¢ 4 gio va giam sau
d6. Nhu vay ¢ thoi gian dién phéan 4 gio, cac moi
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lién quan giira yéu t6 duong kinh ng, bé day
thanh éng, chiéu dai dng va su go ghé bé mat éng
la thuan loi nhat d&é co dugc TiO, 6ng nano c6
hiéu qua xuc tac quang cao nhat ddi voi MB.
Anh huwéng ciia thoi gian nung dén hoat tinh
xuc tac

Chung t6i thuc hién nhém thi nghiém E véi
c4c mau sau khi dién phan 40V-5h-0,5%—-4%—
xh: thay ddi thoi gian nung mau (1; 3 va 5 gio) ¢
nhiét d6 500°C véi két qua thé hién trén Bang 2.

Bang 2. Do chuyén hoa H (%) ctia MB trén cic mau xic tic c¢6 thoi gian nung khac nhau dudi birc xa UV

Nhom E 40V-5h-0,50%-4%—1h

40V-5h-0,50%—-4%-3h

40V-5h-0,50%—-4%-5h

H (%) Bong troc 16p oxid

66,6 49,7

Mau nung 1 gio bAm dinh kém trén nén oxid
c6 thé do qué trinh dehydrat khdng hoan toan,
nén lép TiO, bén ngoai s& co lai so vai lop
TiO(OH), bén trong khién cho 16p ma bi bong ra
khoi kim loai nén. Mau dwoc nung trong 5 gid c6
hoat tinh x{c tac thap hon 3 gio; c6 thé cho rang
quéa trinh nung tir 3 gid dén 5 gio o su tai két
tinh khién cho hoat tinh xdc tac giam.

KET LUAN

Da diéu ché thanh cong TiO, éng nano véi
cAu tric anatase c6 do bam tét trén nén kim loai
bing phuong phap dién phan anod héa trong

dung moi ethylene glycol-dung dich NH,F. Cac
yéu té ham luong F~ va H,O trong dung dich dién
phan, dién thé dién phan va thoi gian dién phan
anh huong dén hinh thai 6ng nano TiO,, qua d6
anh huong dén hoat tinh xic tac quang héa. San
phdm TiO, 6ng nano dwoc téng hop ¢ dién thé
dién phan 40V, dung dich dién phan cé thanh
phan 0,5% khéi lwong NH,F va 4% thé tich
nudc, thoi gian dién phan 4 gio, thoi gian nung 3
gid & 500°C c6 hoat tinh quang xuc tac cao nhat
trong viéc giam cap methylene xanh dudi birc xa
UV A so véi cac mau khéc.

Synthesis of TiO, nanotubes by
electrochemical anodization method for
photocatalytic application

e Thai Thuy Tien

Le Van Quyen

Au Van Tuyen

Ha Hai Nhi

Nguyen Huu Khanh Hung
Huynh Thi Kieu Xuan
University of Science, VNU — HCM

ABSTRACT

Self-organized TiO, nanotube arrays
were synthesized by anodization of Ti foil in

ethylene glycol electrolyte containing water
and NH4F. The photocatalytic activities of
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fabricated samples were evaluated by the
degradation of methylene blue under UV A
irradiation.  Various factors such as
electrolyte composition, voltage, anodization
time, annealing time were also investigated
in order to find out the conditions for
synthesis of TiO, nanotube arrays which
show the highest photocatalytic activity. The
as—synthesized TiO, nanotubes were highly

ordered, with the inner diameter of 6-130nm
and the length of 2-3um. The nanotubes
presented a good adhesion with the Ti foll.
The photocatalytic efficiency of the best
sample (2x2cm area) reached 69% in the
photo-degradation of 100ml of 5.10°M
methylene blue after 3 hours under UV A
irradiation.

Keywords: TiO, nanotube, photocatalysis, ethylene glycol, anodization.
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