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TOM TAT

Dt vin dé: Cong nghé quang xdc tac vat liéu nano TiO2 dang day trén ong (TNWs/TNAS)
Moc truc tiép trén dé titan duwoc cho 1a c6 hiéu sudt cao trong quang phan huiy xanh methylene - tac
nhan dnh hweng xau gay 6 nhiém nguon nurdc va sirc khée con nguoi. Muc tiéu nghién cizu: 1) Ché
tao vdt ligu nano TiO; dang day trén ong bang phwong phdp anod héa; 2) Khao sat tinh chat
TNWSs/TNAs trong qué trinh quang xuc tac phan hiy xanh methylene (hinh thai, thanh phan hoé
hoc, kha ndng tdi sir dung ciia TNWs/TNAs trong quang xGc tac phan hiy xanh methylene). Déi
twong va phwong phdp nghién citu: Ché tao TNWS/TNAs bang phirong phdp anod héa. Khao sat
tinh chdt vat lidu: dung phé nhiéu xa tia X sir dung birc xa Cu Ka (A = 1,5406 A), cdng thizc Scherrer,
kinh hién vi dién tir quét (SEM, JEOL JSM-6500), phé phdn tan néing lwong tia X (EDS) dwoc trang
bi SEM. Danh gia tinh 6n dinh cua vdt ligu dwa trén TiO, trong quang xic tac phan huy xanh
methylene sau 5 chu ky sir dung dwa trén quy ludr dong hoc Langmuir-Hinshelwood sau 2 gio chiéu
xa UV. Két qud: Téng hop thanh cong TNWs/TNAs pha anatase tinh khiét (kich thudc tinh thé
~28,12 nm). Cdu triic TNWs/TNAs (duong kinh ~124,55 nm , d¢ day mang ~4,8 pum) duy tri 6n dinh
sau qua trinh quang xtc tac. Hi¢u sudt phan hy xanh methylene dat ~59% sau 2 gio chiéu xa UV,
va hang s6 toc do phan ung duy tri ~94,4% gia tri ban dau sau 5 chu ky. Két lugn: TNWs/TNAs
dwroc tong hop sé hiru cdu tric bén viing va thé hién hidu suat quang xtc tac én dinh trong phan

huy xanh methylene.

T khéa: TiO2, TNWs/TNAs, quang xuc tac, xanh methylene.

ABSTRACT

SYNTHESIS AND CHARACTERIZATION OF TiO2 FOR
PHOTOCATALYTIC DEGRADATION OF METHYLENE BLUE

Tran Xuan Huy, Tran Quang Ngoc Sang, Vuong Thi Thanh Thao, Ngo Ngoc Uyen*
Can Tho University of Medicine and Pharmacy

Background: Photocatalytic technology using TiO2 Nanowires on TiO2 Nanotubes Arrays
(TNWs/TNAs) grown directly on a titanium substrate is believed to have high efficiency in the
photodegradation of methylene blue - a harmful agent causing water pollution and posing risks to
human health. Objectives: 1) To synthesize TiO, Nanowires on TiO, Nanotubes Arrays by the
anodization method; 2) To investigate the properties of TNWs/TNAs during the photocatalytic
degradation of methylene blue (morphology, chemical composition, and reusability of TNWs/TNAS).
Material and methods: TNWs/TNAs were synthesized using the anodization method. The material's
properties were characterized using X-ray Diffraction (XRD) with Cu Ka radiation (2= 1.5406 A)
and the Scherrer formula, Scanning Electron Microscopy (SEM, JEOL JSM-6500), and Energy-
Dispersive X-ray Spectroscopy (EDS) equipped on the SEM. The stability of the TiO,-based material
was evaluated in the photocatalytic degradation of methylene blue after 5 usage cycles, based on
the Langmuir-Hinshelwood kinetic model after 2 hours of UV irradiation. Results: Pure anatase
phase TNWs/TNAs was successfully synthesized (crystallite size ~ 28.12 nm). The TNWs/TNAs
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structure (diameter ~ 124.55 nm, film thickness ~ 4.8 um) remained stable after the photocatalytic
process. The methylene blue degradation efficiency reached approximately 59% after 2 hours of UV
irradiation, and the reaction rate constant maintained about 94.4% of its initial value after 5 cycles.
Conclusion: The synthesized TNWs/TNAs possesses a durable structure and exhibits stable
photocatalytic efficiency in the degradation of methylene blue.

Keywords: TiO2, TNWs/TNAs, photocatalysis.

I. PAT VAN PE

Nganh dét nhuoém tai Viét Nam phat trién nhanh nhung gay 6 nhiém nghiém trong
ngudn nude do chat thai nhudém. Trong d6, methylene blue (MB) 1a thudc nhuém tong hop
phd bién trong nganh dét may, thuoc nhém thude nhuém bazo di vong thom, tan tdt trong
nudc va bén ¢ diéu kién thuong cling nhu trong vung anh sang kha kién [1]. Tuy nhién, viéc
xa thai MB vao nguén nudc voi luong l6n c6 thé gay anh huong nghiém trong dén suc khoe

con ngudi va hé sinh thai [1]. Dé xtr Iy cac chat 6 nhiém trong nudc, nhitng nim gan day,
cac vat liéu ban dan quang xuc tdc nhu Titanium dioxide (TiOz), Zinc oxide (ZnO),
Cadmium sulfide (CdS) va Tungsten trioxide (WOs3) di thu hat nhiéu Su quan tAm trong linh
vuc Xt ly moi truong [2-4].Khi duoc kich thich bdi anh sang, cac hé vat liéu nay co kha
nang hinh thanh cac loai oxy héa hoat tinh manh nhu *OH va Oz+", gop phan thiic day qua
trinh phan huy céc chat 6 nhidm hiru co trong nudc. Vat liéu nano TiO, dugc quan tdm nho
hiéu qua cao va tinh an toan [5]. Dang bot nano TiO, c6 dién tich bé mat I6n nhung dé bi
két dinh hat, 1am giam kha nang phan tach dién tich. Nguoc lai, mang éng nano (TNAS) va
dac biét 1a cau tric day nano trén dng nano (TNWSs/TNAS) trén nén titan khac phuc han ché
nay, tang dién tich bé mat, truyén tai dien tir tot va dé tai sa dung [6]. Cac nghién ciu cho
thay TiO, ché tao bang anod hda phan hity ~90% MB sau 20 gid chiéu UV [7], hoic 70%
MB trong 2 gio, trong khi qua trinh quang phan chi dat 1% trong cung diéu kién [8]. Ngoai
hiéu suat cao, vat lidu con bén va tai sir dung tét: g-NGQDs/TiO2 con 72% sau 3 lan [8],
trong khi GQDs/TNAs, GQD/TiO, NTs va GGO-TNAs duy tri >95% sau nhiéu chu ky [9].

C6 thé thdy, img dung quang xuc tac vét lidu dira trén TiO2 1a diém sang vi tinh tro,
khong doc, tai nguyén doi dao va c6 hiéu qua quang xtc tic cao [5]. Mac du da co nhiéu nghién
ctu chimg minh vat liéu nano TiOz dem lai hiéu qua quang xuc tac rat cao nhung con rat han
ché cac nghién ctru vé tinh 6n dinh cua vat liéu dang mang day trén 6ng nano moc trén dé titan.
Vi thé nghién ctru ndy tap trung ché tao va khao sat mot s tinh chat cua vat liéu mang day trén
6ng nano moc trén dé titan trong quang xtc tac phan huy xanh methylene.

I1. POI TUQNG VA PHUONG PHAP NGHIEN CUU

2.1. Poi twong nghién ciu
Vit liéu nano TiO2 dang day trén éng moc trén dé titan.
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2.2. Phuwong phap nghién ciru
2.2.1. Ché tao vat ligu nano TiO, dang day trén 6ng mec trén d@é titan bing
phuong phap anod hoa

Hinh 1. Qua trinh anod hoa TiO>

Vit liéu nano TiO, dang day trén dng (TNWs/TNAs) duogc ché tao trén dé titan tinh
khiét 99,7% (1 x 2,5 cm, day 0,5 mm) bang phuong phap anod hoa (thi nghiém dugc bb tri
nhu hinh 1). Trudc anod hoa, dé dugc 1am sach va siy khd. Quéa trinh anod hoa tién hanh
trong hé hai dién cuc (Ti lam anode, thep khdng gi SS304 lam cathode) hinh 2.1 véi dung
dich dién phan gom ethylene glycol 99,5%, 3% nuéc DI va 0,5% NH4F, ¢ 30V trong 5 gid
bang dong DC. Sau d6, mau duoc rira sach, say khd va nung 400 °C trong 2 gio dé thu dugc
pha anatase.

2.2.2. Khio sat tinh chat vat ligu

Dé xac dinh ciu trdc tinh thé, kich thudc hat va do két tinh cua vat liéu dugc xac
dinh bang phd nhiéu xa tia X (XRD, Bruker D2, Bruker, Duc) st dung birc xa Cu Ka (A
=1.5406 A).

Hinh thai va d6 day mang caa cadc mau dwoc xac dinh bang kinh hién vi dién tur
quét (SEM, JEOL JSM-6500). Kinh hién vi dién tir quét (SEM) st dung chim electron hoi
tu (10-30 kV) quét bé mit, cho anh d6 phan giai nanomet.

Phé tan sic ning luong tia X (EDS) dung dé xac dinh thanh phan hda hoc cua cac
mau vat liéu va thuong két hop véi SEM. EDS phan tich thanh phan nguyén t6 dua trén buc
xa X dic trung phat ra khi chum electron ion héa nguyén tir mau.

2.2.3. Panh gia tinh 6n dinh ciia vat liéu dwa trén TiO: trong QXT phan hiy
MB sau 5 chu ky sir dung dua trén quy luit dong hoc Langmuir-Hinshelwood sau 2
gi’ chiéu xa UV

Dung dich MB gia lap duoc pha & nong d6 10 mg/L?, ding 30mL trong budng phan
g quang xuc tac voi TNWs/TNAs nhing hoan toan. Mau duoc chiéu bang dén Xenon
100W (100 mW/cm?) trong diéu kién 32 + 2 °C, sau d6 1ay 1mL dung dich dé phan tich
bang quang phd UV-VIS.

DPong hoc QXT trong phan hiy MB duoc xac dinh dya trén tée do dong hoc Langmuir-
Hinshelwood [10, 11].Véi ndng d6 MB diing trong nghién ctu thap nén qué trinh quang phan
va QXT phan hay chat can xt ly tuan theo quy luat dong hoc: Ct = Co.e™, trong d6 Ct la ndng
d6 chat can xu ly & thoi diém t (mg/l), Co ndng d6 ban dau (mg/l), k 1a hing sé toc do phan
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tng (min'). Bang céch thyc hién so khop tuyén tinh trén do th ciia -In(Cd/Co) theo thoi gian
t, ta cd thé tinh duoc k.

I11. KET QUA NGHIEN CUU
3.1. Tinh chét cu trac, hinh thai, quang hoc va thanh phan caa vat liéu nano TiO
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Hinh 2. Phé XRD ctia TNWs/TNAs

Nhan xét: Pho nhiéu xa tia X (XRD) cua mau TNWs/TNAs duoc thé hién trong Hinh
2. Cac dinh nhiéu xa rd rét dugc quan sat tai cac goc 20 khoang 25,3°, 37,9°, 48,0° va 70,3°,
tuong (g vGi cac mat phang tinh thé (101), (004), (200) va (220). Nhimg dinh nay dic trung
cho pha anatase cua titanium dioxide (TiO) theo tiéu chuan JCPDS sb 21-1272 va c4c nghién
ctru trwde d6 [12]. Khdng ghi nhan dinh dic trung cua rutile hay brookite, chimng to mau ton
tai chi yéu ¢ pha anatase. Pay 1a dang tinh thé quan trong cua TiO2 véi hoat tinh xdc tac
quang cao, tng dung trong xir Iy mdi trudng va chuyén doi nang luong. Kich thudc tinh thé
(D) duoc tinh theo phuong trinh Scherrer: D = 0,90/Bcos6, vai A = 1,5406 A (tia X Cu Ka), B
va 0 lan luot 1a d6 rong ntra cuc dai va goc Bragg 26 cua dinh (004). Két qua thay kich thudc
trung binh dat khoang 28,12nm, cau trdc tinh thé c6 do két tinh tt. Biéu ndy ching minh qua
trinh tong hop da thanh cong trong viéc tao pha anatase chat luong cao.

Hinh 3. Hinh anh SEM nhin tir trén xudng va hinh anh cat ngang (d) cia TNW/TNA. Hinh a, b
14 hinh anh SEM tuong g trudc va sau khi QXT. Hinh (c) hién thi pho EDS cua TNW/TNA
voi phan tram nguyén tir cia Ti va O duoc chi ra trong pho
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Nhan xét: Dé danh gia hinh thai bé mat va kich thudc dng TiO2 trudc va sau quang
xUc tac, anh SEM cua cac mau da duoc khao sat. Hinh 3(a) cho thdy mau trudc quang xuc
tac (S1) véi duong kinh ng trung binh ~89,57nm, trong khi Hinh 3(b) cho thdy miu sau
quang xc tac (S2) véi duong kinh trung binh ~124,55 nm. Su gia ting nay c6 thé do céc
phan @ng oxy hoa khir manh duéi chiéu xa UV tao ra goc *OH va O+, vira phan hay chat
6 nhiém vira an mon nhe bé mit vat liéu, cling nhu do cac budc xur ly mau (ria, say khd),
su tai sap xép cau truc tinh thé hodc vi ntt gdy 1am tang kich thudc 6ng [13]. Hinh 3.2(d)
thé hién mat cat ngang caa vat liéu vai bé day ~4,809um. Phan tich EDS & Hinh 3.2(c) cho
thay thanh phan nguyén tir gom [Ti] = 65,4 at.%, [O] = 28,7 at.% va cac nguyén t6 khac =~
5,9 at.%, pht hop véi pha tinh thé TiO, dugc xac nhan tir két qua XRD.

3.2. Hiéu suit phan hiy quang xdc tac cia vat lieu TNWSs/TNA
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Hinh 4. Pinh hip thy dic trung cia MB thay ddi theo thoi gian phan tmg quang phén

(photolysis) va QXT dung vat li€éu nano TNWs/TNAs sau 5 chu ky tai sur dung

Nhan xét: Hinh 4 cho thay qua trinh phan hay xanh methylene bang cach st dung
TNWSs/TNA dudi su chiéu xa UV-Vis cia dén xenon 100W. Nong do xanh methylene giam
dan theo thoi gian sau qua trinh phan ra theo ham mi, dugc Mo ta bang phuong trinh: Ci =
Co.e™ , trong do Ctla nong do chét can xir Iy ¢ thoi diém t (mg/l), Co nong do ban dau (mg/l), k 1a
hang s6 toc do phan ting (min™). Két qua cho thdy dinh hép thu dic trung cia ciia MB tai
}\'max"’663 nm.

Két qua quang xuc tac cho thay vat liéu nano TiO2 dang day trén 5ng (TNWs/TNAS)
phan hay xanh methylene (MB) hiéu qua hon nhiéu so véi qua trinh quang phan. That vay,
sau 120 phat phan ung trong budng QXT, hiéu suat phan huy khi sir dung vat li¢u
TNWSs/TNAs dat ~59% (hinh 5a) so v6i ~32% cua quang phan, véi hang s téc do phan
tmg k dao dong tir 7,1 dén 6,7 x 10~ phit™ qua 5 chu ky, cao gap doi so voi quang phan
(~3,5 x 107 phat™) (hinh 5¢). Dac biét, hoat tinh xdc tac duy tri on dinh, gitr duoc ~94,4%
SO Vi ban dau sau 5 lan tai sir dung (hinh 5b). Nhiing két qua nay chung t6 TNWs/TNAs
c6 tdc do phan tng vuot troi, bén va tai sir dung tét, hira hen (ng dung tiém ning trong xir
ly & nhiém mai truong bang quang xuc tac.
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Hinh 5. (a) Biéu d6 biéu dién sy suy giam nong do tuong d6i (C/Co) cua MB theo
thoi gian phan @ng quang phan va QXT bang vat lisu TNWs/TNASs duéi chiéu xa UV. (b)
Db thi md ta sy tuyén tinh caa In(C/Co) theo thai gian. (c) Biéu db cot hang sé téc do

phan ung (k) cho MB va sau 5 chu ky tai str dung chat xdc tac. Biéu d6 nay thé hién gia tri
hang sé toc do phan ang (K) cta qua trinh phan hay methylene blue (MB) sir dung xuc tac
quang sau 5 lan tai sir dung (T1-T5).

IV. BAN LUAN

Titan dioxit (TiO2) la vat liéu ban dan bén, on dinh va c6 hoat tinh quang x(c tc cao,
dic biét & dang nano nho dién tich bé mat 16n [7]. Vat liéu nano TiO, dang day trén dng
(TNWs/TNAs) dat hiéu suit phan huay xanh methylene (MB) ~59% sau 120 phdt chiéu UV-
VIS, véi hing sb téc do phan tng 7,1-6,7 x 1073 phit™ qua 5 chu ky, duy tri ~94,4% hiéu suat
ban dau. So véi cac nghién ciru trong nudc, hidu suat caa TNWS/TNAS thap hon mét s6 vat lidu
nhu TiO> tir Xi titan (94,3%/90 phut), ZnO (93,1%/75 phut) hay Cu2O/TiO2 (89,7%/3 gio) [14],
nhung ndi bat & kha ning tai sir dung 6n dinh. So véi qubc té, POPD/TiO, (k=9,8 x 1073 phat™)
va CS-TiOz (98,2%/80 phut; k =~ 0,0398 phiit) c6 hiéu suat cao hon nhung thiéu dir liéu vé do
bén, trong khi Ti-ZnO (k ~ 2,54 x 10~ phut™') hay TiO2/GO (~90%/60 pht, giam manh sau 3
chu ky) cho thay do bén thap [9, 13-15]. Nhur vay, TNWS/TNAs co tlem ning tng dung thyc té
nho tinh bén va kha nang tai s dung, song van can cai thién hiéu suat dudi anh sang kha kién,
do bén lau dai va su ddng nhat hinh thai. Huéng nghién ctu tuong lai nén tip trung vao tang
cuong on dinh, két hop véi vat liéu dan dién (graphene, CNTS) va &p dung phuong phép téng
hop xanh dé nang cao hiéu qua va giam chi phi [16].

V. KET LUAN

TNWSs/TNAs di dugc téng hop thanh cong véi pha anatase tinh khiét, kich thuéc
tinh thé ~28,12 nm, c4u trlic soi nano bén viing va do két tinh cao (XRD). Anh SEM cho
thiy duong kinh trung binh éng nano thay ddi tir ~89,57nm (trudc quang Xuc tac) 1én
~124,55nm (sau quang xuc tac), do day mang ~4,809 pm va van 6n dinh. Vat liéu c6 dién
tich bé mat Ion, thuan loi cho xdc tac, trong khi phan tich EDS x&c nhan thanh phan Ti va
O dung ciu tric TiO,. Vé hiéu suat, TNWs/TNAs phan hay MB véi hing sb toc do phan
tng giam nhe tir 7,1 x 107 xudng 6,7 x 10~ phut ' sau 5 chu ky, van gilt ~94,4% so véi ban
dau va hiéu qua phan huy dat ~59% sau 2 gio. Nhiing két qua nay khang dinh TNWs/TNAs
la vat liéu tiém nang cho xtr Iy & nhiém mai truong bang quang xUc tac.
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