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Abstract

New visible light photocatalyst Al/Al,0;/TiO,-Ag is synthesized. The material is characterized using different
analytical techniques such as X-ray diffraction (XRD), Energy Dispersive X-ray Spectroscopy (EDS), Diffusive
Reflectance Spectroscopy (DRS) and Field Emission Scanning Electron Microscopy (FESEM). It is revealed that the
Ag doped AI/AL,O5/TiO; film drives the catalytic activity from UV to visible region. The environmental application of
the photocatalyst is investigated by the degradation of methyl orange (MO) under sunlight. Furthermore, the effect of
pH and H,0, as an oxidizing agent on the degradation efficiency of the material is also studied. The results show the

optimal conditions for the photodegradation of the MO 3mg sample are pH 2 and 1ml H,O, 9

% in 6-hour irradiation.
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1. MO DAU

Nudc thai cua cac nganh cong nghi¢p va khu dan
cu chira mot lugng 16n chat thai hitu co nguy hai
kho phan hily. Viéc xir Iy cac chat 6 nhidm hitu co
kho phan hiy la mot van dé kho, doi hoi sy dau tu
16n vé trang thlet bi va cong nghé. Trong vai thap ky
gan déy c6 rat nhiéu nghién ctru da s dung chit xuc
tac quang héa TiO, dé xu 1y nudc 6 nhiém. TiO,
khong doc, bén va gia thanh khong cao phu hop
ding lam chat xtc tac quang hoa cho phan ing phan
hay cac chat hitu co 6 nhiém. Tuy nhién, nhuoc
diém cua vat liéu TiO, dugc diéu ché theo phuong
phap thong thudng 1a c¢6 dién tich bé mit khong 16n
va kho thu hdi xuc tac sau phan ung [1, 6, 7]. Mot
nhuoc diém 16n khac da han ché kha niang tng dung
trong thuc té cta vat liéu TiO, d6 1a hoat tinh quang
XUc tic clia n6 chi thé hién khi dugc kich thich bang
anh sang tir ngoai [4, 5]. Piéu nay dong nghia véi
viéc ti€u hao mdt nang luong dién nhét dinh trong
qué trinh st dung xtc tic. Do d6 hién nay nhiéu
nghién ciru tap trung téng hop vat lidu TiO, trén co
s& cac chat mang, pha tap cac nguyén tb kim loai va
phi kim.... Muc dich dé cai thién do bén, hoan
nguyén xuc tac, dong thoi mé rong hoat tinh quang
xuc tic sang vung kha kién dé c6 thé tan dung
ngudn ning luong 4nh sang miat troi doi dao
[2,3,8,9].

Trong bai bao nay, ching t6i trinh bay két qua
nghién ciru tong vat liéu xuc tac quang hoa kha kién
AVALO;/TiO,~Ag. Pong thoi danh gia kha ning
mg dung vt liéu dé xtr Iy nuéc 6 nhiém thong qua
hiéu sudt ctia phan (mg quang phan hiy metyl da
cam dudi tac dung cua anh sang mat troi.

2. THUC NGHIEM
2.1. Héa chit va thiét bi

Hoa chit: Tetra n-butyl octotitanat - TBOT,
etanol-EtOH, H,SO4 98 % (Merck, Ptic), HNO;
63%, AgNO; tinh thé, H,0, 30 %, metyl da cam-
MO, H;PO,, CrO; tinh thé (Xilong, Trung Québc),
nhém 14 bé day 0,5 mm, nudc cat 2 lan.

Dung cu va thiét bi: Dién cuc titan, may khuéy tr
gia nhiét, nguon dién mot chiéu, may do pH, can
phan tich, 10 nung.

2.2. Tong hop vat liéu AVALO,/TiO-Ag

2.2.1. Téng hop vat liéu mang Al/ALO; bang
phwong phap dién hoa

Mau Al duoc lau sach dau mé& bang gidy loc tam
axeton, rira nudc nong, rira nudc lanh réi ngdm
trong dung dich tdy bong nhém (H,SO, 28 %,
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H;PO4 50 %, CrOs
trong 2-4 phut [7].

Mau Al sau d6 dugc rira lai bing nudc cit va
mac vao binh dién phan. Anot 1a mau Al con catot 14
dién cuc titan nguyén chit. Pién phan véi mat do
dong 1,5 A/dm’ trong dung dich H,SO, 2 M véi thoi
gian 30 phut.

4 %, nudc 18 %) ¢ 80-90 °C

2.2.2. Tong hop vit liéu Al/AL,OyTiO»Ag bang
phuwong phap nhung phu sol - gel

Trude hét, chudn bi dung dich sol theo ty 1& vé
mol nhu sau: TBOT:H,O:EtOH:HNO;:AgNO; =
1:1:8:0,27:0,03 [3, 4]. Theo ty 1€ mol nay, luong
Ag/TiO, twong tmg vé phan tram khéi luong 1a 1,5
%. Hon hop luén duge khudy déu ¢ 0 °C. Sau do,
nhung vét liéu AI/AL,O; vao dung dich sol, nung &
500 °C trong 10 phit. Qua trinh nhing va nung dugc
lap lai 2 1an, nung lan thir 2 thuc hién trong 30 phut
[3,4].

2.3. Panh gia hoat tinh xic tac quang héa ciaa vat
liéu

Hoat tinh quang xuc tac cua vat li€u
Al/ALOy/TiO-Ag duge danh gia bang phan tng
quang phan hiy mot lugng khong déi 3 mg MO
trong nudce, dién tich bé mit cta xtc tac 1a 24 cm?,
dudi tac dung cua anh sang mait troi. Hi€u suét cua
phan Gng phan huy MO dugc tinh theo cong thiic
[9]:

H(%):Mxmo.
A,

Trong d6 4, va 4,1a do hép thu cia MO ban dau va
thoi diém t.

bo hép thu cia MO dugc xac dinh theo phuong
phép do quang trén may UV-Vis Agilent 8453. Voi
mdi truong pH = 7 va pH = 8, d6 hip thy quang
= 464 nm. Mat khac, voi

duoc do tai budc song A4

max

caHesygd
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pH =2, A dugc do tai budc song 4 = 508 nm.

3. KET QUA VA THAO LUAN
3.1. Gian dd nhiéu xa tia X - XRD

Phd XRD (hinh 1) cta ca vat lidu AI/ALO,/TiO,
(hinh 1a) va AI/ALO,/TiO,-Ag (hinh 1b) déu cho
thay TiO, ton tai & dang pha anatase. Ngoai ra, con
thiy co nhitng tin hiéu cua pha kim loai Ti (20 =
38,44°, 40,18° 53,02°) [12] va Al (20 ~ 44,67°,
65,02°) [11]. Do su pha tap Ag, cudng dd cac pic
cua pha anatase tang 1én 1o rét (cac pic dac trung
cua pha anatase tai 20 ~ 25,3°, 37,1°, 48,19°, 55°,
62,79° va 68,77°) [5, 10]. Thém vao d6 xuét hién
nhitng pic méi ¢ 20 ~ 31,5°, 51,5° [4]. Khong tim
thdy tin hiéu nhiéu xa cia Ag riéng &, ching to
lugng Ag d3 dugc phan tan rat dong déu vao cac
trung tam hoat tinh cta cac hat TiO, va ngan can sy
phat trién c¢6 dinh hudng cta cac hat TiO,. Cuong
do nhiéu xa tang Ién chung to sy tao thanh céc tinh
thé anatase 1on hon khi pha tap Ag.

C6 thé thay viéc pha tap Ag vao TiO, dong vai
tro quan trong, diéu khién qua trinh tinh thé hoa
chon loc cho pha anatase trong qua trinh sol-gel. Do
Ag c6 ban kinh ion (1,26 A) 16n hon so véi Ti
(0,605 A) nén khi dugc pha tap vao mang tinh thé
TiO,, chung thay thé Ti*", ddm may dién tr trong
TiO, s& lién két 1ong 1éo hO’l’l thich hop cho su tao
thanh pha anatase (nguoc lai voi cdu tric sip xép
chat ch€ thich hop cho su tao thanh pha rutile) [4,
5]. Gitta 2 dang tinh thé chinh cta TiO, anatase va
rutile, thi pha anatase thé hién hoat tinh quang xuc
tac cao khi phan hity hau hét cac chat hitu co 6
nhiém trong nudc va khong khi, trong khi hoat tinh
nay yéu véi pha rutile.

Nhu vdy, vat lidu AI/ALO3/TiO-Ag vé6i sb
luong va kich thude tinh thé pha anatase 16n 13 mot
trong nhiing nguyén nhan lam cho vat li€u c6 hoat

tinh quang xuc tac cao.
LN\::»)#\
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Hinh 1: Gian dd XRD cua vat lidu Al/AL,O/TiO; (a) va AI/ALO:/TiO,-Ag (b)
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Nghién cieu tong hop vdt liéu xiic tdc...

(a)
Hinh 2: Anh FESEM bé mit AlI/ALOs (a) va AI/ALOs/TiO,-Ag (b)

3.2. Pho tan xa ning lwong tia X—-EDS

Phé EDS cua miu Al/ALOs/TiO,-Ag (hinh 3)
cho thiy pic cia Ag cung vdi pic cta cac nguyén to
co ban khac Ti, O va Al Diéu nay ching to phuong
phép nhung phu sol-gel da pha tap thanh cong Ag
trén mang AI/AL,O5/TiO,.

:
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Hinh 3: Anh EDS mau Al/ALO,/TiO,-Ag
3.3. Anh hién vi dién tir quét —- FESEM

Hinh 2a cho théy, qué trinh anot hoéa cho bé mat
AlL,O; ¢c6 do déng nhét cao. Lop mang AlLO; dat
duoc ¢6 cau trac 16 xép déng nhét, do trat tu cao va
hau nhu c6 ciu trac hexagonal [7, 8]. Ciu tric 16
x6p tao thanh nay chinh 1 co s& can thiét va thuan
loi cho dung dich sol bam vao bé mit AIVALO; va
sau d6 1a cac hat TiO,—Ag [1]. Quan sat hinh 2b, sau
khi phu 16p dung dich sol vao cac 15 x6p ALO; va
tién hanh nung luyén thu duoc cac hat TiO, c6 cu
trac bat dién. Cac hat nay c6 kich thude thay doi tir
nho toi 16n. Hat nho bam chic vao cau trac 16 xp
cua Al,Os;. Nhiing hat 16n hon trén bé mat kha nang
bam chic kém hon.
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(b)

3.4. Phé tan xa phan xa - DRS

Két qua ghi phd DRS (hinh 4) cho thdy, vat liéu
Al/ALL,0;/TiO,-Ag c6 30 phan xa giam manh ¢ vung
kha kién 400-700 nm so véi vit liéu Al/ALL,O3/TiO,.
Diéu d6 chimg to do hap thy quang cia vat liéu
Al/AL,0;/TiO,-Ag tang manh trong vung nay. Noi
cach khac, da co su dich chuyén ving he‘ip thu cua
vat liéu xtc tdc quang Al/Al,O;/TiO,-Ag tor viung
anh sang tir ngoai UV sang vung anh sang kha kién
Vis. Nhu vay, viéc pha tap Ag dong vai tro quan
trong tao nén vat liéu xuc tac quang héa kha kién
Al/ALL,0;/TiO,-Ag.

Phd DRS ciing cho théy, vét lidu xtc tac quang
hoa kha kién rat phi hop dung cho phan ting quang
phan huy MO véi cac cuc dai hép thu & budc song
464 va 508 nm.

E— A]/A1203/T iOZ-Ag
—— AVAL03/TiO,
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Hinh 4: Phd tan xa phan xa DRS cua vat liu
AI/A1203/T102 va Al/Alej,/TlOz-Ag

3.5. Su ¢6 mit ciia Ag anh hwéng dén hoat tinh
quang xiuc tac

Hinh 5 dua ra két qua khao sat hiéu sudt cua
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phan tng quang phan hiy MO dudi tac dung cua anh
sang mit troi trén hai mau vat liéu: khong pha tap Ag
(M1) va c6 pha tap Ag (M2). Nhan thdy, voi su pha
tap kim loai Ag, hiéu suat (H) cta phan (mg quang
phan huy MO tang 1én 1o rét. H > 10 % sau 2 gid va
dat ~ 22 % sau 10 gio. Sy tdng manh hiéu sut phan
ung cua vat li€u quang xuc tac AI/ALL,O5/TiO—-Ag c6
thé duoc giai thich nhu sau: kim loai chuyén tiép Ag
dugc dua vao TiO, c¢6 tac dung lam hep do rdng
ving cdm do su lai hoa cic orbitan d giita Ti va
nguyén t6 Ag. Mit khac ching dong vai tro nhu cac
“bay” dién tir va “bay” 16 trong, ting cuong sy chia
tach 16 trong dién tir. Cac dién tir bi mic ket trén
bay dién tir trong tic véi O, tao thanh cac phan tir
hoat dong (O,°, *OH) [6]. Do d6 1am ting hiéu suat
phan (ng quang xtc tac phan huy MO. Nhung mat
khéc, khi nong do pha tap dat dén gia tri nao d6 thi
cac “bA ” dién t4 lai dong vai trd nhu cac tam tai
hop ciia cac cap “dién tir - 156 trong” lam giam kha
nang quang xuc tac cua vat li¢u [6]. Voi vat ligu
nghién cuu ¢ day, ham luong Ag pha tap 1,5 % cho
hiéu qua quang xtc tac toi vu nhat.

25
—o— M2
—a— M1
20-
15
X
= 10-
5_
0_
T T T T T T T T T T T
0 2 4 6 8 10
th

Hinh 5: Sy c6 mat cua Ag anh hudng dén hoat tinh
quang xuc tac cua vat li¢u. M1: AI/AL,O3/TiOy;
M2: Al/Aleg;/TlOz-Ag

3.6. Anh huwéng cia H,O, dén hoat tinh quang
xtic tac

Hinh 6 trinh bay két qua khao sat hiéu suit cua
phan tng quang phan huy MO dudi tac dung cua
anh sang mat troi voi 3 mau. Mau M1 chi c6 vat liéu
Al/ALO5/TiO,-Ag, M2 chi thém H,0, va M3 gém
ca M1 va M2. Véi mau M1, H dat ~ 22 % sau 10
gi. Voi miu M2, hiéu suit phan ing phan hiy thap
hon, H chi dat ~ 14 % sau 10 gio. Trong khi do, voi
mau M3 st dung t6 hop vat lidu xuc tac
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Al/Aleg/TiOZ—Ag va HyO, cho hi€u qua cao hon
dang k&, H dat to1 ~ 42 % sau 10 gio.
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Hinh 6: Anh hudng cia H,O, dén hoat tinh quang
xUc tac cua vat lieu. M1: AI/AL,O;/TiO,-Ag;
M2: 1 ml H,0, 9%; M3: M1+ M2

Hiéu suit quang phan hily mau chira 3 mg MO la
tbi uu khi két hop vat licu AI/ALOs/TiO,~Ag 24
em’ va 1 ml H,0, 9 %. Tuy nhién khi thém lugng
H,0O, 16n hon, khong thay hiéu qua cao hon. Nguyén
nhan 14 do su c6 mat nhleu ctia goc *OH sé& dan téi
su tai két hop cac goc tu do *0O,, *OH, °*OH, tao
thanh nude, bén canh d6 H,O, s& twong tac véi *OH
lam giam mot phan lugng *OH [8].

3.7. Anh hwéng cia pH dén hoat tinh quang xic
tac

Nghién ctru nay khao sat anh huong cua pH dén
hiéu suat phan (mg quang phan hiry MO bai vat ligu
Al/ALO5/TiO,—Ag véi sy c6 mat cua H,O, dudi tac
dung cta anh sang mit troi. Két qua (hinh 7) cho
thdy tbc do va hiéu suat phan (mg trong moi truong
axit pH = 2 cao hon hin so véi trong mdi truong
trung tinh pH = 7 va méi truong kiém pH = 8. Tai
pH = 2, chi sau 6 gio, H da dat t6i ~ 86 %. Trong
khi tai pH = 8, H dat dugc > 50 % va tai pH =7, H
chi dat ~ 42 % sau 10 gio. Tbec d6 va hiéu suét phéan
ung cao trong moi trudng axit la do tang cuong su
hap phu ciia MO 1én bé mat TiO, mang dién duong.
Thém vao do, su tai két hop electron — 16 tréng duoc
giam thiéu. Trong méi trudng kiém va trung tinh, ca
MO va bé mat TiO, mang dién tich am do do tde do
va hiéu suat quang phan hity giam di [5].

Mat khac, trong méi truong pH = 7, AI(OH); c6
thé duoc tao thanh trén bé mit xtc tac dan toi thu
dong hoa va lam giam hoat tinh xuc tic quang [8].
Trong mdi truong kiém yéu pH = 8, giai doan dau
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tdc d6 tao thanh AI(OH); 16n hon, nén trong 6 gio
dau téc d6 phan tmg quang x\c tac thdp hon. Sau d6
Al(OH); nay lai bi hoa tan dan trong kiém, nén bé
mat xuc tac lai tré nén hoat tinh [7].
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Hinh 7: Anh huéng cua pH dén hoat tinh quang xuc
tac cda vat liéu.
Ml:pH=2; M2: pH=7; M3: pH=8

4. KET LUAN

Di tong hop thanh cong vat liéu xiic tic quang
hoa khi kién AVALOyTiO»-Ag. Chat mang
AV/ALO; dugce tong hop bang phuong phép di¢n hoa
c¢6 cAu tric 15 X0p ddng déu, do trat ty cao. Mang
TiO,-Ag dugc tong hop biang phuong phap sol-gel
¢6 cAu tric pha tinh thé dang anatase. Voi lugng pha
tap tdi uu 1,5 % Ag, su hép thu quang cua vat liéu
dich chuyén tir ving anh sang tir ngoai sang ving
anh sang kha kién.

Vat lieu xac tac quang hoa kha kién
Al/AL,Oy/TiO>-Ag c6 hiéu sut quang phan huy mau
chira 3 mg MO t6i 86 % trong diéu kién: moi truong
axit pH 2, dién tich bé mat xuc tac 24 cm?’, thém 1
ml HyO, 9 %, va sau 6 gio dudi anh sang ty nhién.
Vit liéu xuc tac quang héa kha kién Al/ALO+/TiO,-
Ag rat phu hop dung dé xir Iy cac chét hitu co 6
nhiém khé phén huy, hia hen aé trlen khai ng
dung trong thyc té cho hiéu qua kinh té cao.
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