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TOM TAT

Cdc hat nano Cuz0 gdin lén cdc ong nano
TiO, (viét tat la: CuO[TNTs) duwoc tong hop
bang phwong phdp khir quang nham ting kha
ndng quang xic tdc ciia ong nano TiOa dudi diéu
kién anh sang mat troi. Cdc ddc trung cua vdt
liéu dwoc kiém tra bang phé quang dién tir tia X
(XPS), kinh hién vi dién tir truyén qua (TEM) va
phé tin sac nang heong tia X (EDX). Phé XPS
xdc nhdn su ton tai cua Cu0 trong méu. Hoat

Tir khoa: 5ng nano TiO-, Cu,0, CUZO/dng nano TiOy,

MO PAU

Su bung nd dan sé cung voi tée d6 do thi
hoa, céng nghiép héa nhanh chéng di va dang
tao ra mot stc ép I6n téi moi truong séng & Viét
Nam. Chét thai tir cAc nha may gay 6 nhiém
nghiém trong dén doi séng cua con ngudi, do dé
ngudn nudc sach 1a mot van dé cap thiét [1]. Gan
day, van d& 6 nhiém ngudn nudc do cac chat hiru
co doc hai duoc cac nha khoa hoc quan tdm hang
dau. Méi truong nudc 6 nhiém thuong ton tai cac
thai hitu co thi du nhu cac hop chit vong
benzene, nhitng chat c6 nguon géc tir cac chat tay
rira, thude trir su, thude kich thich sinh truong,
thuéc diét co, héa chat cong nghiép (Methylene
blue, rhodamine-B, hexachlorobenzene,
amoxicillin...); cling nhu céac loai sinh vat chua
dugc xir ly hoac xir ly khéng triét dé. Hién nay,
dé xu ly ngudn nuéc 6 nhiém cé rat nhiéu
phuong phép tién tién, thi du nhu ling dong két

tinh quang xic cia Cu0/TNTs dwoc thé hién
thong qua kha nang loai bo xanh methylene (MB)
duwdi dnh sdng mdt troi. MB mat mau nhanh béi
Cu20/TNTs trong 30 phit va dat hiéu sudt 89,7
% tot hon rdt nhiéu so véi TNTs ¢ cing diéu
kién. Cdc két qua cia nghién ciru nay chimg
minh tiém nang immg dung xit Iy cdc chat hitu co
doc hai co trong nudc cua loai vdt liéu nay.

quang xuic tdc, anh sang mdt troi

tha, xu ly sinh hoc, co hoc, nhiét, hoa, xu ly vat
ly hoac két hop nhiéu phwong phap lai véi nhau
[2-4]. Mot s6 phuong phap xir Iy nuéc da dat
duoc nhitng thanh cong nhat dinh, tuy nhién, mai
phuong phap déu c6 nhirng han ché riéng va
pham vi @ng dung nhit dinh. Gan day viéc ng
dung vat liéu nano vao phuong phap xir ly nudc
bang chét x(c tdc nano véi nhidu wu diém so voi
cac phuong phap truyén thong.

Vit liéu nano 1a cac vat lidu co kich thudc rat
nho (¢ nano mét) vi chung c6 nhiing tinh chat
wu viét nhu dién tich bé mat cua vat liéu 16n hon
so véi vat lieu khdi, ting hiéu suat, giam gia
thanh va than thién voi moi truong ddi véi qua
trinh xtr 1y nude [5, 6]. Trong céc loai vt liéu
nano xir Iy nudc, TiO: la vat liéu khéng doc hai,
6n dinh hoéa hoc cao va c6 hoat tinh quang xudc
tac manh [5, 7]. Tuy nhién, khi dua vé dang ong
nano (viét tit 1a TNTs) thi ting dién tich hiéu
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dung cia né 1én déng ké nhung né lai co d6 rong
viing cdm quang kha 16n (3,87 eV), do d6 su hap
thu anh sang dé tao cap dién tur - 18 tréng xay ra
chi yéu trong ving anh séng tir ngoai. Vi vay,
nham khac phuc han ché nay, nguoi ta thuong
ché tao cac cau trc di thé cua kim loai nhu Ag,
Cu, Pt [8] hodc oxide kim loai nhu SnO», Cu,0O,
CuO, ZnO véi TNTs [9, 10].

Pong (I) oxide (Cuz0) dugc biét dén Ia chat
ban dan c6 nang lwong ving cam hep, khoang 2,0
~ 2,2 eV ¢ nhiét d6 phong [11-13]. Trong qua
trinh quang xuc tac, cac dién tir sinh quang tur
ving dan caa Cu,O s& di chuyén dén ving dan
cua TiO,, trong khi céc 15 tréng di chuyén theo
hudng ngugc lai tr vung hoa tri cua TiO, di
chuyén vao ving héa tri cua Cu0, do dé viéc
tach dién tir - 15 tréng dugc ting cuong [14]. Su
hinh thanh tiép giap di thé p—n giita Cu2O (loai p)
va TiO2 (loai n) gilp giam sy tai to hop dién tir -
15 tréng.

Trong bai bdo nay, ching toi ché tao hat
nano Cu,O gan Ién TNTs bang phuong phap khir
quang. Day 1a mot phuong phap co thé tong hop
dé dang, chi phi dau tu thap, hiéu suat hinh thanh
cAu tric nano cao va it doc hai [15]. Bén canh do,

kha nang loai bé dung dich xanh methylene cua
hé vat lidu nay duéi diéu kién anh sang mat troi
cling dugc danh gia.

VAT LIEU VA PHUONG PHAP

Ché tao CuzO/TNTs bing phwong phap khir
quang

Hoéa chat dugc sir dung bao gom: TNTs duoc
tong hop bang qué trinh thuy nhiét va da dugc
cong bé nhu tai liéu [16], bot Cu(NO3), (Trung
Qudc, do tinh khiét 16n hon 99 %), nuéc khir ion
(DI) véi dién tro 18,2 MQ tir may loc nuéc Puris
Evo (Han Qudc), ethanol, acetone (Trung Quéc,
do tinh khiét 16n hon 98 %), MB (Trung Qudc,
d6 tinh khiét 16n hon 99 %).

0,0604 g mubi Cu(NO3); dugc hoa tan vao
125 mL nuéc DI va khudy trong 10 phit. Tiép
theo, cho 1,0 g TNTs vao dung dich mubi hoa
tan, tiép tuc khudy 45 phat cho TNTs phan tan
déu trong dung dich. Sau d6, dung dich dugc dat
vao hé khir quang, trong diéu kién anh sang tir
ngoai phét ra tir dén UVC (18 W, A = 254 nm)
trong 24 gio. San pham tao thanh dwoc ria qua
nuéc DI 5 1an rdi say kho trong khong khi & 100
°C trong 2 gio. Quy trinh chi tiét dugc thé hién ¢
Hinh 1.

0,0604 g Cu(NOs)z + 125 mL nuée DI

Khudy 45 phat

Khudy tir 10 phat

19 TNTs >
Cu(NOs)2 + TNTs
Chiéu dén UVC va khudy lién tuc trong 24 gio
v

Loc, rira bing nuwée DI trong 5 lan

\ 4

Loc va siy méu trong khong khi tai 100 °C trong 2 gio

Hinh 1. Quy trinh tng hop Cu20/TNTs bing phuong phép khir quang
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Cac dic trung cia vat liéu

Hinh thai bé mat va hinh dang vat liéu dugc
x4c dinh bang anh hién vi dién tor truyén qua
(TEM) tir may JEM-1400. Thanh phan nguyén tu
va bé mat miu duoc do biang may JEOL JSM-
7401F. Kha ning quang xuc tac cua vat liéu dugc
xé4c dinh bang phé hap thu caa dung dich MB tur
400 nm dén 800 nm bang méy quang phd ké UV
— Vis Hitachi U2910 (Nhat Ban). Phan tich cac
thanh phan nguyén té cua kim loai bing phuong
phap do phd XPS tir hé may ESCA — 5600 véi
ngudn Al Ka don sic (1486,6 eV) hoat dong tai
13,9 kV.

Do kha niang phan hiy MB

Pau tién, pha dung dich MB véi nong do la
10 ppm. Sau d6, do d6 hap thu ban dau tai budc
s6ng 664 nm. Tiép theo, thém 0,03 g mau can do
vao 30 mL dung dich MB, khudy déu lién tuc

trong bong téi trong 10 phut dé can bang gitra
hdp phu va giai hap. Sau d6, dung dich dwoc
chiét ra dé do d6 hap thu tai dinh dic trung cua
MB tai 664 nm. Mau duoc chiéu bang anh séang
mat troi truc tiép trong khoang thoi gian tir 11
gio trra dén 1 gio chiéu, nhiét do ngoai troi vao
khoang 35-40 °C dé¢ phan tich kha ning loai bo
xanh methylene cuia vat liéu. Cac mau do quang
xuc tac dwoc do phd hap thu bing quang phd ké
hai chum tia UV-Vis sau mdi 5 phat chiéu anh
sang mat troi.

KET QUA VA THAO LUAN

Mau sic ciia miu Cu20/TNTs sau khi tong
hop

Ban dau TNTs ¢6 mau tring tinh (Hinh 2A)
sau khi tong hop, mau thu dugc c6 mau xanh
nhat (Hinh 2B). Biéu nay thé hién su ton tai cua
hop chat Cu trong san pham.

Hinh 2. Hinh anh thyc t& cia miu bot TNTs (A) va Cu20/TNTs (B)

Hinh thai cia Cu2O/TNTs

Hinh 3 1a anh TEM cua cdc mau TNTs va
Cu,O/TNTs. Tir anh TEM (Hinh 3A) nhan thay
TNTs c6 kich thuée dong déu va duong kinh cua
TNTs khoang 8 — 12 nm. Hinh 3B cho thiy trén

TNTs c6 cac hat mau den bam Ién va c6 kich
thuéc hat dong déu va duong kinh cua ching
khoang tir 5-10 nm. Tuy nhién, sy phan b cua
c4c hat nano nay 1a khong dong nhat.
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Hinh 3. Anh TEM cta miu TNTs (A), Cu20/TNTs véi thang 50 nm (B) va thang 20 nm (C)

Két qua phd EDX ciia Cu20/TNTs

200pm Electron Image 1

EETETY Weight%  Atomic%
I

G0 1034 18.92
T3 24.02  60.46

TiK 42.88 19.67
Cul 2.76 0.95

Totals 100.00

Hinh 4. Anh FESEM tai vi tri chup mu (A) va phd EDX cita miu Cu2O/TNTs (B)

Pé xac dinh sy ton tai cua CupO ciing nhu
thanh phan cac nguyén té khéac trong mau, tién
hanh phan tich phé EDX ctua mau Cu,O/TNTS tai
vi tri nhu Hinh 4A. Két qua cho thdy mau cd sy
ton tai cua cac nguyén té Cu, Ti, O Véi cac gia tri
phan trim nguyén ttr lan luot 12 0,95 %; 19,67 %;
60,46 % (bang nho & Hinh 3B). Piéu nay cho
thiy c6 sy xuit hién hop thirc cua Cu va dé xéac
dinh chinh xac 1a hop thtrc ndo, mau nay tiép tuc
dugc khao sat bang pho XPS.

Phan tich phd XPS ciia Cu20/TNTs

Hinh 5A cho thay c6 su ton tai cAc trang thai
oxy héa cua cac thanh phan véi cac dinh dic
trung bao gom: Cu2p, Ols va Ti2p.Phé XPS
phan giai cao cua O1s (Hinh 5B) cho thay oxy
hién dién trong mau c6 mot dinh dic trung tai vi
tri c6 nang lugng lién két 14 530,8 eV. Pinh nay

cho thay su xuat hién chii yéu cua lién két oxygen
trong khéi cua TiO; [17]. Trong khi d6, phd XPS
phén giai cao cua Ti2p (Hinh 5C) cho thay c6 hai
dinh tai vi tri c6 nang lugng lién két lan luot la
459,4 eV va 465,1 eV. Cac dinh nay dac trung
cho cac trang théi oxy hoa cua Ti* va Ti3* trén bé
mit cua TiO,. Hon thé nita, d6 chénh léch ning
lugng gitra hai dinh Ti2p1, va Ti2pse 1a 5,7 eV
dugc chang minh 1a hop chét TiO, [18]. Ngoai ra,
phd XPS phan giai cao cua Cu2p (Hinh 5D) ciing
cho thay hai dinh c6 vi tri nang luong lién két lan
luot 14 933,1 eV va 952,8 eV ung véi hai dinh
dic trung Cu2psz va Cu2pip. Cac dinh phd
Cu2ps;z va Cu2pi, nay tng véi nang lugng lién
két trén cho thay dwoc su ton tai cac trang thai
oxy hoa ctia Cu lan luot la Cu'* va Cu® [19].
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Hinh 6. Kha ning loai bo MB ciia Cuz0/TNTs dudi diéu kién anh sang mat troi (A), phd hép thy ciia céc méu (B)
va mau sac ctia dung dich sau khi xtc tic sau 30 phut (C)
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Hinh 6A cho thiy téc do loai bo MB cua
Cu20/TNTs la vuot troi so véi TNTs, didu nay
thé hién & chd 1a sau 5 phuat dugc chiéu sang,
Cu,O/TNTs da loai bé gin nhu hoan toan dung
dich MB, trong khi ¢6 TNTs xtic tic yéu hon va
dat trang thai bao hoa sau 30 phuat. Hiéu suét loai
b6 dung dich MB sau 30 pht cia Cu,O/TNTs va
TNTs lan luot 12 89,7 % va 72,5 %. Ngoai ra,
Hinh 6B cho thay pho hap thy cia dung dich MB
khi c6 chit xic tdc Cu,O/TNTs va TNTs sau 30
phat chiéu anh sang mat troi. Khi c6 chat xdc tac
TNTs va CuO/TNTs d6 hap thu caa MB giam
manh. Dic biét sy c6 mat cua Cu,O/TNTs di lam
dinh hap thu cuia MB tai 664 nm bién mat hoan
toan sau 30 pht chiéu &nh sdng mit troi. Hon thé
nira, Hinh 6C cho thiy mau sic cua dung dich
MB khi ¢c6 chét xuc tac CuO/TNTs di gan nhu
trong suét, trong khi mau vai chat xuc tac TNTs
thi dung dich van con van duc.

Co ché quang xuc tac

Co ché qua trinh quang xOc tac cua
CuO/TNTs la kha nang lam phan huy cic chét
hitu co do cap dién tur () va 16 tréng (h*) sinh ra
sau khi hap thy anh sang chiéu téi. Dudi tac dung
cua anh sang mat troi, dién tir sinh quang tir vang
dan cua Cu0 nhanh chéng di chuyén sang viing
dan cua TiO, va nguoc lai, 13 trbng sinh quang tir
viing héa tri cua TiO, di chuyén sang ving héa
tri cia Cu20. Dién tir va 13 tréng khuéch tan ra bé
mat va phan tng véi H,0 va O hap thy trén bé
mat mang va tao ra cac gdc tu do hydroxyl («OH)
va superoxide (*O27) cO kha ning oxy hda khir
céc chat hitu co.

Bén canh do6, vi ving dan ciia Cu,0 nho hon
vung dan ciaa TNTs khoang 1,0 eV nén sy ghép
cap Cu,0 va TNTSs tao cau tric tiép gidp di thé co

vai trd quan trong trong viéc phan tach va dan
truyén dién tich. Nho o, gitip han ché su tai hop
dién tir - 16 tréng gop phan tang cuong hoat tinh
quang xuc tac [20].
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Hinh 7. So dd minh hoa vi tri ving nang luong va su
di chuyén dién tich cua Cu20 va TNTs sau khi duoc
kich thich boi anh sang mat troi

KET LUAN

Vit liéu Cu,O/TNTSs voi cac hat nano Cu,O
duogc gan Ién bé mat TNTs dugc tong hop thanh
cong bang phwong phap khir quang. Cac phép do
TEM va XPS d3 chung minh dugc cic hat nano
hinh thanh Ia Cu;O véi kich thuéc khoang 5-10
nm da dinh 1én b& mat TNTs. Cac hat nano Cu,0
dd dinh 1én bé mat TNTs lam ting kha ning
quang xuc tac cua TNTs dudi diéu kién &nh sang
mat troi. CuO/TNTs cé kha niang loai bo MB
89,7 % khi duoc chiéu dudi 4nh sang mit troi va
cai thién kha ning quang xuc tac hon nhidu so
voi TNTs. Tir két qua trén, giai thich dwoc nhiing
wu diém vuot troi caa vat lidu cau trac mot chidu
dang 6ng so vai vat liéu khéi ciing nhu viéc pha
tap kim loai CuzO trén nén TNTs lam kha ning
quang xuc t&c tré nén vugt troi.
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ABSTRACT

Cu20 nanoparticles loaded TiO, nanotubes
(Cu2O/TNTSs) were synthesized by photoreduction
method for the enhancement of photocatalyst
activity of TNTs under sunlight condition.
Characteristic properties of these materials were
determined by X-ray photoelectron spectroscopy
(XPS), Transmission electron
microscopy (TEM) images and Energy-dispersive
X-ray spectroscopy (EDX). XPS spectra
confirmed the existence of Cu,O nanoparticles in
the sample. The photocatalytic activity of

Cu2O/TNTs was evaluated by the survey of the
removal of methylene blue (MB) solution under
direct sunlight condition. The discoloration of
MB solution by Cu,O/TNTs was faster and better
than by TNTs after 30 minute — irradiation. The
MB removal efficiency of Cu,O/TNTs was up to
89.7 % with the above condition. The results of
this study demonstrated that this material for the
treatment of the toxic organic substances in the
polluted water poses extremely potentials.

Keyword: TiO2 nanotubes, Cu,0, Cu,O/TiO, nanotubes, photocatalysis, sunlight
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