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TOM TAT

Chat thai hitu co la mot trong nhirng nguyén nhdn gay o0 nhiém méi truong, anh huong truc
tiép dén hé sinh thdi va nguon mwde sinh hoat. Nghién ciru nham muc tiéu ché tao vit liéu
day/ong nano TiOy (TNWs/TNAs) va Au hat nano dinh lén TNWs/TNAs (Au-TNWs/TNAs) dé xir
Iy hiéu qua methylene blue (MB) véi hoat tinh quang xiic tac dwoc ting cwong. Két qud nghién
cieu di ché tao thanh cong vdt liéu day/ong nano TiOz (TNWs/TNAs) va (Au-TNWSs/TNAs) trén
dé titan bang phwong phdp oxy héa anod. Phé nhiéu xa tia X cho thdy cdc vt liéu nano thu
duoc la TiO2 pha anatase véi dinh huwong chu dao la (004), (101) va (116). Ngoal ra,
TNWSs/TNAs va Au-TNWs/TNAs déu la vit liéu da tinh the Véi kich thude hat tinh thé trong
khodng 30,1 - 33 nm. Anh hién vi dién tir quét xdc nhdn cdu tric ddy/ong nano TiO2 véi chiéu
dai ddy nano khodng 2 um, va cdu triic hat nano Au dinh 1én trén bé mat day/ong nano TiO».
Cac cau triic nay phit hop cho viéc cung cdp dién tich bé mdt riéng I6n va dan truyén dién tich
t6t. Kha ndng quang xiic tac (QXT) ciia TNWS/TNAs va Au-TNWs/TNAs duwgc dinh gid thong
qua viéc phén hity chat hitu co MB. Két qua la MB duwoc logi bé hon 95% sau 90 phiit phdn
iing véi TNWs/TNAs va Au-TNWs/TNAs trong diéu kién chiéu sing bang birc xa tr ngoqi - khd
kién 120 mW/cm?. Hang sé toc dé phan iing cia qud trinh QXT dat gid tri cao, véi k = 21,6
%10 ph™ doi véi TNWs/TNAs va 23,8 x10° ph Au-TNWSs/TNAs. Két quda nay cho thdy viéc
dinh hat nano Au 1én TiOz sé giup tang cuong hoat tinh quang xuc tdc cua TiO2 nho vao hiéu
itng hdp thu plasmon bé mdt ¢ nano Au. Nhw vdy, TNWs/TNAs va Au-TNWs/TNAs la nhitng vt
liéu nano OXT c6 hoat tinh rdt tét cho ving dung xir 1y chat thai hitu co MB.

Tir khéa: Vit liéu nano TiOa, AU-TiOy, chdt xiic tdc quang, methylene blue, hiéu img hdp thu
Plasmon

Trich dén: Nguyén Lé Hoai Phuwong, Huynh Qubc Trung va Lé Thi Cam Tuyén, 2021.
Nghién ctru ché tao vat liéu nano TiO; va Au- TiO, day/ong umg dung cho
quang xuc tac xtr ly methylene blue trong mdi truong nudce. Tap chi Nghién clru
khoa hoc va Phat trién kinh té Truong Pai hoc Tay Po. 12: 310-320.
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1. GIOI THIEU

Chat thai hitu co 12 mot trong nhiing
nguyén nhan giy 6 nhiém mdi trudng,
anh huong truc tiép dén hé sinh thai va
nguén nudc sinh hoat (Sy et al., 2015;
Thuy, 2013). Trong nghién cuu,
methylene blue (MB) dugc xem la mo
hinh chuén - dai dién cho chét thai hitu
co. MB 1a mot loai thudc nhudém baze
duogc sir dung pho bién trong nganh cong
nghiép dét nhuom; MB Ia chat thai khd
phan huy, gay mat mi quan, anh huong
xau dén qua trinh san xuat va sinh hoat
khi thai vao ngUOn nuéc. Do d6, dé han
ché tdc dong xau cua chat thai hiru co
no6i cung va MB no6i riéng dén dong thuc
vat va stc khoe con nguoi, viéc nghién
ctru xir Iy hidu qua cac chat thai trén 1a
yéu cau khoa hoc c6 tinh cép thiét.

Gan day, qua trinh oxy héa bac cao
(AOPs) dugce ap dung trong xu ly nude 6
nhidm chira nhiéu chit c6 d6 bén hoa
hoc cao. AOPs cho phép oxy hoa gan
nhu hoan toan cac héa chat 6 nhiém
thanh cac san phém nhu CO2, nudc, cac
hop chit vo co, hodc it nhat thanh cac
san pham c6 kha nang phan huy sinh hoc
hoac it doc hon (Nie et al.,, 2009;
Andreozzi et al., 1999). AOPs hoat dong
dwa trén sy hinh thanh cac gbc oxy hoa
manh ‘OH va Oy” thong qua viéc san
sinh cac electron (e7) va 16 tréng (h*) khi
chat ban dan duoc chiéu birc xa tir ngoai
- kha kién (UV/VIS). Ngay nay, cong
nghé AOPs dung vat li¢u nano ban dan
quang xuc tac (QXT) da dugc cong nhén
1a mot trong nhirg céng ngh¢ trién vong
nhit dé phan huy cac chat thai nguy hai,
trong d6 c6 chat thai hitu co.

Trong rat nhiéu loai vat liéu c6 tinh
nang quang xuc tac nhu ZnO, Taz0s,
Zr0z, TiOz,... thi vat ligu TiO2 rt dugc
quan tam nghién ctru do kha ndng oxy
hoa - khir manh cta h* va e” quang sinh
khi TiO2 hip thu photon c6 budc song
ngin hon 380 nm. Ngoai ra, TiO2 1a vat
licu bén hoa hoc, khoéng doc, gia thanh
twong déi thap, c6 kha ning tai st dung
nhiéu 1an khi TiO2 ciu triic nano dugc
ché tao trén dé rin. Do dd, ché tao vt
liéu nano xuc tac quang TiO2 ttng dung
cho QXT phan hay céc chat thai hitu
co noi chung va xir ly MB noi riéng thu
hat duoc sy quan tdm cua nhiéu nhom
nghién ctru ¢ trong va ngoai nudc
(Jihperng et al., 2018). Tuy nhién, TiO>
c6 do rong ving cam rong (khoang 3.2
eV), nén chi hap thu duoc 4-5% quang
phd anh sang mat troi (Pu et al., 2013).
Gan day, cac nghién ctru trén hé vat liéu
nano kim loai quy - chat ban din cho
thdy rang hoat tinh QXT trong ving anh
sang nhin thay (VIS) cua vat lidu ban
dan duoc tdng cuong manh nho vao hi¢u
mg plasmon xdy ra trén bé mat nano
kim loai (Pu & Wang, 2013). Hi¢u tng
nay tao ra dién trudng cuc bd trén ciu
tric nano kim loai quy (vi du: vang
(Au)) va do d6 cho phép truyén dién tich
hiéu qua hon va cho phép hap thy quang
manh ¢ vung VIS (Huang & Zhang,
2013). Hon nita, hé vat liéu nay ciling
thiic day sy phén tach giira electron va 16
tréng (e~ / h*) va nho d6 1am giam toc do
tai hop gitra ching (Huang et al., 2013).
Thém vao d6, sy khac nhau vé mirc
Fermi cua kim loai va chit ban dan cé
thé tao nén chuyén dich dién tur
(electron) tir ving dan (CB) cuia ban dan
sang nano kim loai. Céc electron két hop
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tao cdp oxi hoa khtr vo1 moi truong xung
quanh nhd d6 phan hiy dugc chat thai
trong moi truong (Huang & Zhang,
2013).

Trong nghién ctu nay, chiung to61
nghién ctru ché tao vat liéu day/6ng nano
TiO2, (TNWs/TNAs) va Au hat nano
dinh 1€n TNWs/TNAs (Au-
TNWSs/TNAs) nhim muc tiéu xir Iy hiéu
qua MB v6i hoat tinh QXT dugc tang
cuong. Thém vao d6, cong nghé ché tao,
tinh chat vat liéu va dong hoc qua trinh
phan ung QXT phan hay MB cua
TNWSs/TNAs va Au-TNWs/TNAs ciing
dugc nghién ctru.

2.  PHUONG PHAP NGHIEN
cuu

Nguén dién 1 chiéu [
-
E=

| 4
| 4

Thép
khong ri
$S304

- Tam titan

NH,F: 0.5 %

15mm
Hinh 1. (a) H¢ thong anod héa dé ché tao TNWs/TNAs; (b) Dung dich hat nano Au;
(c) Mau Au-TNWSs/TNAs sau khi i nhiét

2.2. Ché tao hat nano Au

Vat liéu hat nano Au duoc diéu ché
bang phuong phap khir hoa hoc, trong
dé nudc (100 mL) chira HAuCls.4H20
(30 mg) va axit citric (35 mg) duoc

EG:H,0 =98:2

2.1. Ché tao vt liéu day/6ng nano
TiO2 (TNWS/TNAS)

Ciu trac day/dng nano TiO2 dugc
moc trén tAm titan (d6 tinh khiét 99.9%,
dién tich 1 x 1,5 cm? bé day 0.5 mm)
bang phuong phap anot hoa (Hinh I).
Trude khi tién hanh andt hoa, tim titan
dugc rira trong bé rung siéu am véi
acetone, ethanol va nudc khir ion. Dung
dich andt hoa dugc ché tao tir EG:nudc
(ti 16 khéi lwong 98:2) va 0.5% mudi
NH.F. Hiéu dién thé dugc dung 12 30 V
va thoi gian andt hoa 3 gio dé ché tao
cdu tric day/6ng nano TiOz trén tim
titan. Sau qua trinh oxy hoéa andt, mau
dugc rira bang ethanol dé loai bo hydrat
bé mit. Tat ca cac quy trinh thi nghiém
duoc tién hanh ¢ nhiét d6 phong.

Hat nano Au

khudy ¢ 80 °C. Chi tiét quy trinh duoc
trinh bay trong Hinh 2. Dung dich chua

hat nano Au c6 mau hdéng nhat nhu &
Hinh 1(b).
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HAUCI,4H,0 (30 mg)

Nuwéc cét (100 mL)

(40 phat)

Khudy tir + nung & 80°C

_ Nh6 tir ti

Dung dich chtra acid citric

D& ngudi dén nhiét do6 phong —

Y

(35 mg) + NaOH (25 mg) +
Nuwéc cat (5 mL)

Dung dich hat nano Au

Hinh 2. So' 6 tém tit quy trinh ché tao hat nano Au

2.3. Ché tao vat lieu hat nano Au
dinh lén day/ong nano TiO> (Au-
TNWSs/TNAS)

Au-TNWs/TNAs dugc diéu ché bang
cich ngdm mau TNWs/TNAs trong
dung dich Au trong 15 phut ¢ nhiét do
phong. Dung dich nano Au dugc danh
siéu am trude khi ngdm mau. Cac mau
sau do dugc u nhi¢t & 400 °C trong 1 gio
trong khong khi dé tinh thé hoa hé vat
licu Au-TNWs/TNAs va tang cuong su
tiép xtc gitra Au va TNWs/TNAs. Miu
AU-TNWs/TNASs sau u nhiét nhu ¢ hinh
1(c).

2.4. Xac dinh tinh chat vat liéu caa
TNWS/TNASs va Au-TNWSs/TNASs

CAu tric tinh thé cua mau vat liéu
dugc xac dinh bang phd nhidu xa tia X
ding birc xa tir ngudn Cu K, (budc song
1,5406 A) & ché do do 20 — 0 (XRD,
may Bruker D8). Hinh thai hoc cua cac
mau nghién ctru duoc quan sat bang anh
kinh hién vi dién tr quét (SEM, JEOL
JSM-6500) véi d6 phong dai 40000 lan.
Thanh phan nguyén ti cia mau duoc
xac dinh bang pho tan sic ning lugng tia
X (EDS) voi dau do Oxford Instrument

& dién 4p tang toc 15 kV trén may SEM
JSM-6500.

2.5. Panh gia kha nang quang xuc

tac caa TNWS/TNAs va Au-
TNWSs/TNAs
Hoat tinh QXT cua mang

TNWSs/TNAs va Au-TNWSs/TNAs duoc
danh gia dua trén kha nang phan hay
MB ndng do 3,7 x 10° M. Céng thirc
phan tir cia MB 1a C16H18CIN3S.3H20.
Mau vat liéu TNWs/TNAs hodc Au-
TNWs/TNAs dugc cho vao coc thuy
tinh chira 30 ml MB. Sau d6, chiéu sang
coc bang buc xa UV-Vis bang dén
Xenon coéng suat 100 W (mét do cong
suat khoang 120 mW/cm?). Cach mbi 30
phit thi 1 ml MB duoc 14y ra dé do phd
hap thu bang may quang phd UV-Vis
(Hitachi U-2900). Hinh 3 cho thiy céac
mAau dung dich MB ban dau (0 phit) va
sau phan tng QXT voi TNWs/TNAs
hodc Au-TNWs/TNAs ¢ cac thoi gian
phan ung khac nhau (30, 60, 90 phut).
Ta thiy rang, thoi gian phan ung cang
tang thi mau xanh dic trung cua MB
nhat dan, thdm chi mau guong nhu mat
mau hoan toan sau thoi gian phan ung
90 phat (Hinh 3).
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Hinh 3. MAu Xanh Methylene (MB) ban dau va sau phan Wng quang xiic tac voi
NWSs/TNAs va Au-TNWSs/TNASs & cac thoi gian phan ing khac nhau tir 0 - 90 phut
trong diéu kién chiéu sang bang birc xa tir ngoai-kha kién (UV-Vis) biang dén Xenon
v6i mat d cong suit 120 mW/cm?

3. KET QUA VA THAO LUAN

3.1. CAu trac tinh thé
TNWS/TNAs va Au-TNWSs/TNASs

Hinh 4 cho thay phd nhidu xa tia X
(XRD) cia mau TNWs/TNAs va Au-
TNWSs/TNAs, ciac phd XRD nay xuat
hién cac dinh nhiéu xa chinh & cac vi tri
goc 38,9 °, 25.86 ° va 71,1 °, tuong ung
véi cac mat mang (004), (101) va (116)

cua

la cac mat dic trung pha anatase cua
TiO2. Piéu nay cho thdy TNWSs/TNAS
va Au-TNWSs/TNAs c6 pha anatase. Mot
dinh nho Au (111) xut hién ddi véi Au-
TNWSs/TNAS chung té su hién dién cua
hat nano Au. Ngoai ra, phd XRD cua
TNWSsS/TNAs  va  Au-TNWSs/TNAS
khong c6 su léch dinh, chimg to rang
viéc dinh hat nano Au khong lam thay
d6i cu triic tinh thé TiOo.

_|Anatase
Phase

(101)

(004)

Ti

Intensity (a.u.)
£ Au(T1T]

Ti
(200) h”%) (204)

—— TNWs/TNAs
—— Au-TNWs/TNAs

(116)

T T
2 40

UJL:MLML

T T T T
50 60 70 80

2 theta (Deg)

Hinh 4. Phé nhiéu xa tia X (XRD) cia TNWs/TNAs va Au-TNWSs/TNAs
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Kich thudc hat (D) cia cac mau duoc
wdc tinh bang cach st dung phuong
trinh Scherrer: D = 0,94/Bcos 0, trong d6
A B, 0 lan luot 1a buéde song tia X
(=1,5406 A), d6 ban rong dinh TiO;
(004) va goéc nhiéu xa Bragg. Ching t6i
da xac dinh dugc kich thuéc hat tinh thé
c6 gia tri 33 nm d6i voi TNWS/TNAs va
30,1 nm dbi véi Au-TNWs/TNAs. Két
qua nay xac nhan rang kich thudc hat va
do két tinh cia mdu TNWs/TNAs va
Au-TNWSs/TNASs gan nhu giéng nhau.

SEI 15.0kV  X40,000 100

Hinh 5. Anh SEM va phé EDS ciia (a) TNWs/TNAs va (b) Au-TNWSs/TNAs

Hinh 6 cho thiy hoat tinh xtc tac cia
mang TNWSs/TNASs va Au-
TNWSs/TNAS, Ci/Co 1a mdt ham cua thoi
gian phan tng QXT, trong dung dich
MB vé6i Co =3,7 x 10° M. Co va C; la
néng d6 ban dau va ndng do sau thoi
gian phan tng t cua MB.

Hinh 6 cho thiy dinh pho hap thy dic
trung cia MB ¢ 650 nm gidm nhanh

3.2. Hinh thai bé miat va thanh
phan nguyén tir caia_TNWSs/TNAs va
Au-TNWSs/TNAs

Hinh 5 cho thay hinh thai bé mit cta
TNWSs/TNAs va Au-TNWs/TNAs dugc
ché tao & cung diéu kién. Hinh 5(a) thé
hién didy nano TNWs c6 chiéu dai
khoang 2 pm bao phu trén 6ng nano
TNAs d¢ hinh thanh cdu tric
TNWSs/TNAs. Hinh 5(b) cho thiy rang
6 cac hat nano Au duge dinh 1én trén bé
mat cia TNWSs/TNAs. Ngoai ra, cac
dinh Ti, O, Au da dugc quan sat trong
phd EDS. Piéu nay ching t6 chung ta da
dinh thanh cong nano vang I1én
TNWSs/TNAs.

theo thoi gian phan ung, cho thiy qué
phan huy ctia BM theo thoi gian phan
ung QXT vdi vat liéu nano trong nghién
ctru. MB phan hily hon 95% sau 90 phat
phan tng QXT voi vat liéu TNWs/TNAs
hodc Au-TNWs/TNAs. Hi¢u tng QXT
phan huy MB cua TiO. dugc giai thich
co ban nhu sau: Khi chiéu anh sang co
ning luong photon 16n hon ving cim
ctia chat ban dan TiOz (Eq ~ 3,2 eV) thi
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san sinh electron (e”) va 16 trong (h*)
trén TiO2. Ngay sau d6, cdc e - h™ quang
sinh trong méi treong nude c¢6 chira MB
s& xay ra cac phan tng tao ra cac goc tu

1.2 (@) TNWs/TNAs

0 phut

1.0 4 —— 30 phat

1 —— 60 phut

2 0.8 —— 90 phut
\O- ]
T 0.6
<«O- j
Q041

o
N
1 '

o
o
1 "

T T T
500 600 700

Buwd&c song (nm)

400

do ¢6 tinh oxy héa manh nhu hydroxyl
"OH, superoxide ‘O2” va mét so goc
khac, dan dén sy phan huy MB.

1.2 (b) Au-TNWs/TNAs
0 pht
1.00 —— 30 phut
1 ——60 phut
2 089 ——90 phut
\Q- ]
T 0.6+
O J
© 04-
0.2-
0.0-
T T T
400 500 600 700

Buwéc song (nm)

Hinh 6. Pho hip thu ciia dung dich xanh methylene sau cac thoi gian phan @ing quang
xuc tac khac nhau tir 0 — 90 phit st dung (a) TNWs/TNAs va (b) Au-TNWSs/TNAs
duéi chiéu sang bang bire xa UV-Vis 120 mW/cm?

Chung t61 st dung dong hoc qua trinh
xuc tac duoc mo ta theo mo hinh
Langmuir-Hinshelwood. Do do, tbc do
phan hiy quang cia MB ¢ thé duoc
biéu thi bang cac phuong trinh sau:

Ci = Coe™ 1)
hay -InCi/Co = kt (2

Trong d6 k 1a hang sd toc do phan
ung duogc tinh toan tu dir li€u thuc
nghiém st dung hdi quy tuyén tinh; t Ia
thoi gian phan ng.

Hoat tinh QXT cua TNWs/TNAs la
rat tot voi k = 21,6x103 ph™, trong khi
doé Au-TNWs/TNAs c6 hi¢u qua QXT
cao nhat voi k = 23,8x1073 pht (hinh 7).
Gia tri k cua vat liéu nano TiOz dat duoc

trong nghién ciru nay cao hon nhiéu so
v6i gia tri k = 2,1x10°3 pht d6i véi bot
Degussa TiO> thuong mai va k = 3,3x10°
3 pht d6i véi vat liéu composit PoPD/T
(1/4). Piéu nay chung to rang vat lidu
TNWs/TNAs va Au-TNWSs/TNAs la
nhiing vt lidu rat tot cho xir Iy chat thai
hitu co noi chung va MB néi riéng. Cau
tric mot chiéu cua day nano va dng cho
phép viéc van chuyén tot cac e” va h*
quang sinh va giam toc do tai hop giita
ching. Su c6 mat cua hat nano Au gitp
tang cudng su hap thu anh sang kha kién
nhd vao hiéu tng plasmon bé mit
(LSPR), giup san sinh thém e~ va h,
thuc ddy hinh thanh cic gbc oxy hoa
manh va do d6 1am ting hang s6 toc do
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phan 0ng phan huy MB cua Au-
TNWs/TNAs so véi TNWs/TNAs. Két
qua, sau 90 phat phan Ung thi MB da
phan huy trén 95% so voi ban dau. Cac
két qua trén phu hop véi két qua nghién
ctru trong nudc (Lé Hitu Phudc va cong
su, 2019) trong d6 hau hét cac loai
khang sinh trong méi truong nudc da
duoc loai bo hoan toan sau 20 phat phan
huay voi  TNWs/TNAs va  Au-
TNWSs/TNAs, thé hién hoat tinh xtc tic
quang hda cao va kha nang phan phéan

1.00 @

0.75 1

c/c,

0.50 +

0.254 & TNWs/TNAS
| —e— Au-TNWs/TNAs
—4A— Quang phan MB
000 T T T T T T T T T

0 20 40 60 80
Thoi gian (phut)

100

huy nhanh du lugng khéng sinh trong
nuéc thai. O day, co ché dé ting cuong
kha ning QXT cua Au-TiO 1a su hip
thu cong huong plasmon bé mat (LSPR)
ctia cac Au NPs tao ra cac electron va 16
trbng quang hoa dudi anh sang UV-Vis,
va sau do cac electron mang nang lugng
c6 thé di vao ving dan caa TiOz va kich
hoat phan ung quang xuc tac. Do do,
Au-TNWSs/TNAs c6 hiéu suit quang xdc
tac cao nhit, do tic dong tong hop cua
dién tich bé mat 16n va hiéu tmg LSPR.

25
| ™ TNWSs/TNAs (b)
® Au-TNWSs/TNAs [)
204 a Quang phan MB
—~ 1.5+
Q
A
€ 1.0
0.5 1
0.0+
T T T T T

100
Thoi gian (phut)

Hinh 7. Sw thay d6i nong d¢ ti d6i Cv/Co cita MB theo thoi gian phin ing quang xtic
tac voi TNWs/TNAs va Au-TNWs/TNAs, so sanh v6i qua trinh quang phan cia MB
dudi tiac dung cia bire xa UV-Vis 120 mW/cm?

4. KET LUAN

Qua nghién ctru, chung t61 di ché tao
thanh cong vat litu nano TNWs/TNAs
va Au-TNWs/TNAs trén dé Ti bang
phuong phap oxy hoa anod. Két qua MB
bi phan huy trén 95% sau 90 phit phan
ung QXT vdi TNWSsS/TNAs va Au-
TNWSs/TNAs trong diéu kién chiéu sang
bang bac xa UV-Vis 120 mW/cm?.
Hang s6 toc do phan tmg cua qua trinh
QXT dat gia tri 16n, véi k = 21,6 x 103
pht @5 v6i TNWS/TNAs va

k = 23,8 x 10% pht! dbi véi Au-
TNWSs/TNAs. Gia trj k cao hon doi véi
AU-TNWS/TNAs cho thay viéc dinh hat
nano Au Ién TiO; gitp tang cuong hoat
tinh quang xtc tac cia TiO2 nho vao
hi¢u mg plasmon bé mit xay ra & hat
nano Au. Nhu vay, vat liéu nano
TNWs/TNAs va Au-TNWSs/TNAs co
hiéu qud quang xtc tic cao cho Ung
dung phan huy methylene blue trong
moi truong nudc. Két qua nay co thé
nghién ctru tiép dé tng dung cho viée
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phan hiy chét thai hitu co khac trong
moi truong nudce.
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SYNTHESIS OF TiO2 AND Au- TiO2 NANOWIRES/NANOTUBES FOR
PHOTOCATALYTIC DEGRADATION OF METHYLENE BLUE
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'Faculty of Basic Sciences, Tay Do University

2Faculty of Basic Sciences, Nam Can Tho Univeristy
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ABSTRACT

Organic waste polutant in aquatic environment effects on ecosystems and human health.
Therfore, it is essential to develop an new technology for removing the pollutant. We
successfully synthesize TiO2 nanowires on TiO2 nanotubes arrays (TNWs/TNAs) and Au-
TNWSs/TNAs on titanium substrates by anodic oxidation and chemical reduction method.
These nanomaterials exhibit pure anatase phase of TiO2 with (004)-, (101)-, and (116)-
preferred orientations. In addition, grain sizes of TNWs/TNAs and Au-TNWSs/TNAs are in
range of 30.1 — 33 nm. The TiO2 nanomaterials present the right morphology of
TNWSs/TNAs structure with nanowire length of 2 pum covering on nanotubes arrays,
meanwhile Au-TNWs/TNAs clearly exhibits Au nanoparticles-decorated on the TNWs/TNAs
film surface. The photocatalytic activities of TNWs/TNAs and Au-TNWs/TNAs were studied
by monitoring the methylene blue (MB) degradation under ultraviolet-visible light
irradiation at 120 mW/cm?. As a result, the removal percentage of MB by using these
nanomaterials was over 95% after reaction time of 90 min. Furthermore, the reaction rate
constants (k) were 21.6 x 10° min! and 23.8 x 10 min for TNWs/TNAs and Au-
TNWSs/TNAs, respectively. The higher k value of Au-TNWSs/TNAs was attributed to the
localized surface plasmon resonance occuring at Au nanoparticles, which absorp the
visible light to generate more photo-carriers, and thus more highly oxidative free radicals,
leading the enhance photocatalytic performance for Au-TiO2 system. Based on these
results, TNWs/TNAs and Au-TNWSs/TNAs can be considered as the excellent photocatalysts
for MB degradation.

Keywords: TiO2 nanomaterials, Au-TiO2, photocatalysts, methylene blue, surface plasmon
effect.
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