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Abstract

Ag-doped TiO, amorphous composite film coupled with metal oxide semiconductor ZnO on Zn-slide as a novel
visible light photocatalyst is synthesized. The material is characterized using various analytical techniques such as X-
ray diffraction (XRD), Field Emission Scanning Electron Microscopy (FESEM), Energy Dispersive X-ray
Spectroscopy (EDS) and Diffusive Reflectance Spectroscopy (DRS). It is indicated that the presence of the dopant, Ag,
on Zn/ZnOITiO, film enhances its catalytic activity in VIS region. For environmental application, the photocatalytic
activities of the material are evaluated by degradation of an artificial dye, tartazine, under sunlight. Furthermore, the
effect of pH and H,0, as an oxidizing agent on the degradation efficiency of the material is also investigated. The
results show the optimal conditions for the photodegradation of the tartazine 0.5 mg sample are pH 5 and 3 ml H,0,

10 % in 6-hour irradiation.

Keywords. Visible light photocatalyst, photodegradation, tartazine, foods and drugs, Ag-doped Zn/ZnO/TiO, film.

1. MO PAU

Xt Iy nuée 6 nhidm bang phuong phap oxi hoa
tién tién s dung chat xdc tac quang hoa TiO, da va
dang duogc nghién ctu ¢ nhiéu nudce trén thé gioi [1-
4, 8-12]. Tuy nhién, viéc tng dung chit xic tac nay
dé loai bo cac pham mau, chat bao quan trong nganh
cong nghiép thuc pham va dugc pham gan diy moi
bit diu duoc quan tdm nghién cau. Mat khac, vat
liéu TiO, théng thuong chi c6 hoat tinh quang xuc
tac khi bi kich thich bai &nh sang vung tur ngoai va
kho thu hoi xc tac sau phan ang [6, 7, 15].

Trong nghién ciu nay, ching tdi dua ra két qua
tong hop vat liu mang xdc tac quang hoa kha kién
Zn/ZnO/TiO,~Ag. Chat ban dan oxit kim loai ZnO
va TiO, déu c6 ning luong ving cidm rong [5, 15,
17]. Duéi sy kich thich cuaa birc xa UV, ty 1& két hop
dién tur - 16 trong cao nén hoat tinh xdc tac quang
thap. Tuy nhién, néu két hop ching véi nhau sé tao
thanh loai vat liéu cdu trac nano da 16p, dan dén
giam su két hop dién tir - 15 tréng. Pong thoi sy két
hop nay co thé cai thién su di chuyén cua cac dién
tir bé mit do d6 cai thién hoat tinh quang xuc tac cua
vat liéu td hop ZnO-TiO, [13, 16, 17]. Mit khac, su
c6 mit caa mot lwong nhé Ag trén mang ban dan cé
tac dung lam giam d6 rong ving cim va lam “cham
lai” téc do két hop dién tir - 15 tréng. Do vay, vat
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liéu mang t6 hop ZnO/TiO,/Ag thé hién hoat tinh
quang x(c tac cao trong ving anh sang kha kién
[8,14,18]. Mot wu diém khac 1a d& dang thu hoi xdc
tac dé tai su dung d6i véi loai vat lisu mang
Zn/ZnO/TiO,-Ag.

Trong bai béo nay, ching toi ciing dua ra két
qua danh gia kha nang ung dyng vat licu
Zn/ZnO/TIOZ—Ag dé xir Iy nuwéc & nhiém cé chira
pham mau cong nghiép, thdng qua hiéu suat cua
phan ing quang phan hity chat mau tartazine (E102)
dudi tc dung caa &nh sdng mat troi.

2. PHUONG PHAP NGHIEN CUU
2.1. Hoa chit va thiét bi

Hoéa chat: Tetra n-butyl octotitanat - TBOT
(Merck, buc), etanol-EtOH (Merck, buc), NaOH
(Trung Quéc), HNO; 63 % (Trung Qudc), AgNOs
tinh thé (Trung Quéc), H.0, 30% (Trung Quéc),
k&m tam bé day 0,1 cm, nuéc cat 2 lan, tartazine
(dung dich 5 % trong nuGc va axit axetic).

Tartazine ¢6 cbng thac hdéa  hoc
C1sHoNsNa30sS,, danh phap qudc té 1a trisodium
(4E)-5-0x0-1-(4-sulfonatophenyl)-4-[(4-
sulfonatophenyl) hydrazono]-3-pyrazole-
carboxylate, ma sé qudc té E102, 1a mot chét tao
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mau vang chanh va c6 cudng d¢ tao mau kha cao,
chi mot lugng rat nho da cd thé tao ra mot mau vang
kha dam [12, 19].

NaQOC.
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Hinh 1: Cong thirc cAu tao clia tartazine
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Dung cu va thiét bi: Dién cuc titan, may khuiy
tir gia nhiét, thiét bi dién phan, thiét bi phu nhing
sol-gel, may do pH, can phan tich, 10 nung.

Gian do nhiéu xa tia X (XRD) dugc ghi trén hé
nhiéu xa k& SIEMENS D5005 (CHLB Duc) tai
Khoa Héa hoc, Truong Pai hoc Khoa hoc Tu nhién
Ha Noi.

Anh hién vi dién tir quét (SEM) va phd tan xa
ning luong tia X (EDS) duoc ghi trén thiét bi
HRTEM Tecnai G2 F20 (FEI, My) tai Vién Tién
tién Khoa hoc va Cong nghé, Truong Dai hoc Béch
Khoa Ha Nai.

Phé hap thy tir ngoai-kha kién (UV-Vis) duoc
ghi trén trén may UV-Vis (Agilent 8453, My) tai
Vién Ky thuat Hoa hoc, Truong Pai hoc Bach Khoa
Ha Noi.

Phd tan xa-phan xa (DRS) duoc ghi trén may
quang phé Lambda 950 UV/VIS/NIR (Perkin-
Elmer, Anh) tai Vién Hoéa ly va Héa ly thuyét,
Trudng Pai hoc K§ thuat Graz, Cong hoa Ao.

2.2. Téng hop vit ligu Zn/ZnO/TiO-Ag

2.2.1. Tong hop vdt lieu mang Zn/ZnO bang
phuong phdp dién hda

Mau Zn rira sach, danh bong bang gidy rap lan
luot ¢& thd, ¢& vira va c& min.

Mau Zn sau d6 dwoc ria lai bang nudc cét,
nhdng ngap phan dién tich can dung trong dung dich
HCI 10 %, say kho va mic vao binh dién phan. Anot
1& miu Zn, catot 1a dién cuc titan nguyén chat. Bién
phan véi mat do dong 0,2 A/dm? trong dung dich
NaOH 0,5 M trong thoi gian 90 phat [10, 11].

2.2.2. Tong hop vdt liéu Zn/ZnOITiO,-Ag bang
phuwong phdp nhung phu sol—gel

Truéc hét, chuan bi dung dich sol theo ty 18 vé
mol nhu sau: TBOT:H,O:EtOH:HNO;:AgNO; =
1:08:8:0,08:0,02 [6, 7]. Theo ty I mol nay, lugng
Ag/TiO,-Ag tuong ing vé phan tram khéi luong 1a
1,0 %. Han hop luén dwoc khudy déu ¢ 0 °C. Sau

290

Nguyén Xudn Trweong va céng S

do, nhung vat liéu mang Zn/ZnO vao dung dich sol
V6i tée 6 1ecm/phdt, nung ¢ 350 °C trong 10 phdt.
Qua trinh nhung va nung dugc lap lai 2 1an, nung
lan thir 2 thyc hién trong 10 pht.

2.3. Panh gia hoat tinh xdc tac quang hoéa cuaa
vat liu

Hoat tinh quang xdc tac caa vat liéu duoc danh
gia thong qua phan tng quang phan hay chat mau
tartazine. Phan dé k&m phu mang ZnO/TiO,-Ag Vi
dién tich 2x2 cm? dwoc nhing ngap trong cbc thuy
tinh chita 50 ml dung dich tartazine (0,5 mg
tartazine). Thi nghiém thir hoat tinh dugc thuc hién
ngoai troi dudi didu kién chiéu sang ty nhién.

Hiéu suat cua phan ¢ng quang phan huy dwoc
tinh theo cdng thuc:

H (%) A=A 0.
A

Trong d6 Ao va A;la do hap thu cua tartazine ban
dau va tai thoi diem t.

b6 hap thu cua tartazine dugce xac dinh theo
phuong phap do quang tai budc séng A, = 429 nm.

3. KET QUA VA THAO LUAN
3.1. Cu truc caa vat ligu mang Zn/ZnO/TiO,-Ag

Gian dd XRD cua vat liéu mang Zn/ZnO/TiO,-
Ag dugc chi ra trén hinh 2. Trén gian do, chi quan
sat thay c4c pic cia ZnO (m) va Zn (). Két qua chi
ra rang mang tao thanh ZnO/TiO,-Ag trén dé zn c6
ciu tric vo dinh hinh.

3.2. Anh hién vi dién tir quét — FESEM

Hinh 3a cho thiy cu trac cua I6p mang ZnO co
do xop rat cao va cac lop. Xep chdng 1én nhau véi
mat do day dic. Cau tric 15 x5p tao thanh nay chinh
1a co s& can thiét va thuan loi cho su bam phu cua
dung dich sol va sau d6 la mang TiO,-Ag [4, 6, 7].
Quan sét hinh 3b, sau khi phu 16p dung dich sol vao
cac 16 x6p ZnO va tién hanh nung luyén thu duoc
I6p mang kha dong nhit. Do day cua Iop mang t6
hop ZnO/TiO,-Ag ¢& 500 um (hinh 3c).

3.3. Phé tan xa ning lweng tia X—EDS

Phd EDS cta miau Zn/ZnO/TiO,-Ag (hinh 4)
cho thay pic ciia Ag cling Véi pic cia cac nguyén to
co ban khac Ti, O va Zn. Diéu nay ching té phuong
phap nhang phu sol-gel da pha tap thanh cong Ag
trén mang ZnO/TiO,.
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Hinh 3: Anh SEM bé mit Zn/ZnO (a), Zn/ZnO/TiO,-Ag (b) va (c) d6 day 16p mang ZnO/TiO,-Ag

pEEE anh séang mat troi trén hai mau vat ligu: khong pha
o e tap Ag (M,) va c6 pha tap Ag 1 % (M,). Nhan thay,

; f véi sy pha tap kim loai Ag, hiéu suat (H) caa phan
: g quang phan huy tartazin ting lén rd rét (H ting
gap ~ 2 lan, méi truong pH 5).

1,0 4
Hinh 4: Anh EDS miu Zn/ZnO/TiO,-Ag g Mk
3.4. Phd tan xa phan xa - DRS E
0,6 -
Két qua ghi phd DRS (hinh 5) cho thay, vat liéu

mang Zn/ZnO/TiO,-Ag c6 do phan xa giam & vung
460-600 nm so vai vat ligu Zn/ZnO/TiO,. Nhu vay,
da c6 sy tang do hap thu cua vat lidu Zn/ZnO/TiO,-
trong viing anh sang kha kién do sy pha tap kim loai
Ag.

T T T T T \
350 400 450 500 550 600 650
wavelength / nm

Hinh 5: Phé DRS cua vat liéu Zn/ZnO/TiO, va
Zn/ZnOITiO,-Ag

Sy tang manh hiéu suat phan ung cua vat liéu
quang xdc tac Zn/ZnO/TiO,-Ag c6 thé duoc giai
thich nhu sau: kim loai chuyén tiép Ag duoc dua
vao mang ZnO-TiO, cd tac dung lam hep d6 rong
ning lwong ving cdm do sy lai hoa cac orbitan d

3.5. Sw c6 mit cia Ag anh hwong dén hoat tinh
guang xuc tac

Hinh 6 dua ra két qua khao séat hiéu suit cua
phan tng quang phéan huy tartzine dudi tdc dung cua
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gitta Ti va nguyén t6 Ag. Mat khac, “hang rao”
Schottky dugc hinh thanh gitra kim loai Ag va cac
oxit ban dan, dan dén c6 su chuyén roi electron giita
kim loai Ag va oxit ban dan. Do vay, sy c6 mit cua
Ag s& lam “cham” qua trinh tai to hop dién tor - 18
trong. Chung dong vai tro nhu cac “bay” dién tir va
“pay” 16 tréng, ting cuong sy chia tach 15 tréng—
dién tir [4, 8, 14-16, 18]. Cac dién tir bi méc ket trén
biy dién tir twong tac v6i O, tao thanh cac phan tir
hoat dong (O.°, *OH). Do d6 lam ting hiéu sut
phan ng quang xuc tac phan huy tartazine.

65 -
55.] —e— M2
50 -
45 4
40 4
35 4
30 4

H(%)
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5 -

0

t (h)
Hinh 6: Sy c6 mat caa Ag anh huong dén hoat tinh
quang xUc tac cua vat liéu. M1:Zn/ZnO/TiOy;
M2:Zn/ZnO/TiO,-Ag

Nhung mit khac, khi nong d6 pha tap dat dén gia
tri nao do thi cac “bay” dién tur lai dong vai tro nhu
c4c tAm tai hop cua céac cap “dién tir - 16 tréng” 1am
giam kha nang quang xuc tac cua vat liéu [6, 16].
Két qua khao sat sy anh huong ciia ham lugng Ag
pha tap dén hoat tinh quang xuc tac cua vat lidu
(hinh 7) cho thay, véi ham lwgng Ag pha tap 0,5%,
H ~52 %. Vi lugng Ag pha tap 1,0 %, H>61 %
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Hinh 7: Anh huéng ciia ham lugng Ag pha tap dén
hoat tinh quang xuc tac cua vat liéu
M1:Zn/ZnOITiO,; M2: Zn/ZnOITi0,-0,5 % Ag;
M3:Zn/ZnO/Ti0,-1,0% Ag; M4:Zn/ZnO/Ti0,-2,0
% Ag; M5: Zn/ZnOITi0,-3,0 % Ag

292

Nguyén Xudn Trweong va céng S

sau 6 gio chiéu sang, lugng Ag pha tap lan luot la
2,0 % va 3,0 % thi H bat dau giam nhe so véi khi
pha tap 1,0 % Ag va hau nhu khong ting thém sau 4
gio chiéu sang. Nhu vay, véi vat lieu nghién cau ¢
day, ham luong Ag pha tap 1,0 % cho hiéu qua
quang xUc tac t6i wu nhat.

3.6. Anh hwéng cia pH dén hoat tinh quang xuc
tac

Nghién ciru khao sét anh huéng cua pH dén hiéu
suat phan wng quang phan huy tartazine bai vat liéu
Zn/ZnO/TiO,-Ag dudi tac dung cuaa anh sang mat
troi. Két qua (hinh 8) cho thay téc d6 va hiéu suat
phan g trong moi trudng axit pH 5 cao hon so vai
trong mdi truong axit manh pH 2, trung tinh va méi
truong kiém pH 10. Tai pH 5, sau 6 gio, H dat t6i
~61 %. Trong khi tai pH 7, H > 35 %, tai pH 10, H
> 4 % va mbi treong axit manh pH 2, H > 55 %.
Tbc d6 va hiéu suat phan tmg cao trong moi truong
axit 1a do tang cuong sy hip phu cua tartazine I1én bé
mat TiO, mang dién duong. Trong mdi treong axit
manh pH 2, 16p ZnO c6 thé bi hoa tan phan nao, do
d6 c6 hoat tinh thap hon. Trong méi truong trung
tinh va kiém, hiéu suit quang phan hay giam di do
kha ning tao thanh Zn(OH), dan t&i thu dong hoa bé
mat va lam giam hoat tinh qua trinh quang xuc tac
[10].

—a— M1
60 —e— M2
—a— M3
—v— M4

Hinh 8: Anh huéng ctia pH dén hoat tinh
quang xuc tac cua vat ligu. M1: pH 2; M2: pH 5;
M3: pH 7; M4: pH 10

3.7. Anh hwéng ciaa H,0, dén hoat tinh quang
xuc tac

Hiéu suat quang phan hiy mau chta 0,5 mg
tartazin bang vat liéu mang Zn/ZnO/TiO,-Ag (s = 4
cm?) véi luong 3 ml H,0, 10 % 14 téi wu (hinh 9).
Nghién ciru cho thiy néu chi thém mot lwong H,0,
tuong tu (3 ml H,0, 10 %) vao mau ma khéng cé
vat liéu Zn/ZnO/ITiO,-Ag, thi H chi dat ~ 20 % sau 6
gio. Mat khéc, khi thém luong H,0, nhiéu hon, hiéu
hiéu suat khéng cao hon va hau nhu khong ting
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thém sau 4 gio. Nguyén nhan la do sy co mat cua
goc *OH nhiéu sé& dan toi su tai két hop cac goc tu
do °O,, *OH, *OH,, bén canh d6 H,0, s€ tuong tic
vGi *OH lam giam mét phan lugng *OH [9, 15, 19].

100 =

90 4

—— M1
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804

70 4

60 4

50 4

40

30

204

10 4

0

0 i
t(h)

Hinh 9: Anh huéng cua H,0,dén hoat tinh quang
xuc tac

M1: Zn/ZnOJITiO, 1,0 %Ag + 1,0ml H,0, 10 %

M2: Zn/ZnOITiO, 1,0 %Ag + 2,0 ml H,O, 10 %

M3: Zn/ZnOITiO; 1,0 %Ag + 3,0 ml H,O, 10 %

M4: Zn/ZnOITiO; 1,0 %Ag + 4,0 ml H,O, 10 %

Két qua (hinh 9) cho thdy hiéu suat phan hay
mau chua 0,5 mgtartazin dat téi 92 % sau 6 gio
chiéu sang tu nhién khi sir dung két hop vat liéu
mang xUc tac Zn/ZnO/TiO,-Ag va thém 3 ml H,0,
10 % trong maoi truong pH 5.

4. KET LUAN

Pa tong hop thanh cbéng vat liéu mang
Zn/ZnOITiO,-Ag, c6 hoat tinh x0c tdc quang hoéa
trong ving anh sang kha kién. Chat mang Zn/ZnO
duogc tdng hop bang phuong phap dién héa cé cu
trdc 15 xop ddng déu, do trat tu cao. Mang TiO,-Ag
dugc tong hop bang phuong phap sol-gel ¢6 cau tric
v6 dinh hinh. Véi lwong pha tap t6i wvu 1 % Ag, vt
lieu thé hién hoat tinh quang xdc tac cao trong viing
anh sang kha kién.

Véi 4 cm? dién tich bé mat xdc tac, vat liéu
mang Zn/ZnO/TiO,-Ag da cho hiéu suit quang phan
hiy mau chira 0,5 mg tartazine dat ti 92 % trong
diéu kién: moi truong axit pH 5, thém 3 ml H,0, 10
%, va sau 6h dudi &nh sdng mat troi. Vat liéu rat co
trién vong dé sir dung trong viéc xur 1y nudc 6 nhiém
chira cac chat mau céng nghiép.
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