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SUMMARY

SYNTHESIS OF Ag;VO4/N-TiO; COMPOSITE PHOTOCATALYST APPLYING FOR
THE TREATMENT OF ORGANIC POLLUTION UNDER VISIBLE LIGHT

Ag3VO4/N-TiO; composites were prepared by an hydrothermal method at 140 °C. The crystal phase,
morphology and optical properties of the Ag;VO4/N-TiO, composites were characterized by X-ray
diffraction (XRD), Scanning electron microscope (SEM) and Ultraviolet—visible absorption
spectroscopy (UV-vis). The Ag;VO4/N-TiO, composites exhibited the good photocatalytic activity for
tetracycline hydrochloride (TC) under visible light irradiation. The obtained result indicated that all
Ag3VO4/N-TiO, composite samples exhibited distinctly enhanced photocatalytic activities than pure
AgsVOy and N-TiO.. The optimal Ag3;VO, content of the Ag3;VO4/N-TiO, composite was determined for
the photodegradation activity of TC.

Keywords: AgsVO, N-TiO; visible light, photocatalytic activity, tetracycline hydrochloride,

hydrothermal.

1. PAT VAN DPE sang mat troi. Thém vao do, su tai to hop
Str dung quang xtc tic ban dan 1a mot trong nhanh cua cac cap dién tir va 16 tréng quang
nhing ki thuat hira hen nhim cung cip ning sinh ciing 1a mot yéu t6 anh huong dén higu
lwong sach, phan hily cac chit 6 nhiém hitu co sudt xir Iy cac chit hitu co 6 nhiém cua TiO,
kho sinh huy. Cong nghé xuc tic quang s [1]. Phuong phap pha tap TiO, bang nguyén té
dung TiO; ¢o nhiéu vu diém nhu do 6n dinh phi kim loai nhu nito c6 sy cai thién dang Kké
cao, chi phi thap va than thién v6i moi truong. hoat tinh quang xuc tac cua TiO, do hinh thanh
Tuy nhién, TiO, c6 ning luong ving cim I6n mdt dai ning luong trung gian, diéu nay lam
(khoang 3,2 eV) nén chi co thé bi kich thich giam ning lugng ving cidm cia TiO, va
boi cac photon co bude séng nam trong ving chuyén ving hadp thu vé ving anh sang kha
tr ngoai, chi chiém khoang 5-7% trong anh kién [2, 3]. Tuy nhién, N-TiO; ciing c6 téc do
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tai to hop cua cip dién tir va 16 tréng quang
sinh kha nhanh, nén lam giam hoat tinh quang
xUc tac cua vat liéu.

Bén canh d9, cac vt liéu xuc tic quang trén co
sO cac hop chit cua bac c6 kha niang hoat dong
t6t trong ving anh sang kha kién va da nhan
duoc nhiéu su chu y tir cac nha khoa hoc nhu:
Ag,COs [4], Ag20 [5], AgsPOs4 [6] va AgX (X
=1, Br, Cl) [7, 8]. Trong s6 cac chat ban dan
chtra hop phén bac, vanadat bac Ag;VO, duogc
biét 1a mot chét ban dan c6 tiém niang tng dung
va da thu hit nhidu sy quan tim sau khi Konta
va cac cdng su co cac cong bd vé loai vat liéu
nay [9]. Ag;VO; c6 ning lwong ving cim hep
(khoang 2,0 eV) nén c6 kha ning hép thy anh
sang trong ving kha kién [8]. Tuy nhién, hiéu
sudt quang xtc tic cia Ag;VO, nguyén chat bi
han ché béi tbe do tai td hop cap dién tir - 15
tréng quang sinh kha nhanh. D& nang cao hi¢u
qua quang xuc tac, vat liéu ban din Ag;VO, da
dugc nghién ciru ghép véi cac hop chat ban
dan khiac nhu g-C3Ny [10], Agl [11] TiO,,...
nhdm tao ra hiéu qua din truyén dién tir va 18
tréng trong hé vat liéu ban dan, diéu nay lam
gid sy tai to hop cia chung va dan dén lam
tang hiéu qua quang xic tac xtr Iy cac chét hiru
co ngay trong ving anh sang nhin théy.

Trong nghién ctru nay, dé khic phuc nhugc
diém cua tung vat liéu riéng 1&, vat li€u
Ag;VO, duge két hop véi N-TiO, dé tao ra
mot h¢ vat liéu composite thé hé méi c6 hoat
tinh quang xuc tac cao trong ving anh sang
nhin thay.

2. THU'C NGHIEM

2.1. Téng hop vt liéu

2.1.1 Tong hop vit liéu AgsVO;

Nho tr tu ting giot dung dich AgNOs; 0,1 M
(v6i thé tich 60 mL) vao 20 mL dung dich
NH4VO; 0,1M va khudy manh. Sau dé, dung
NaOH 4M dé diéu chinh pH cua dung dich c6
gi4 tri 11. Sau khi khudy hdn hop trong khoang
10 phat, huyén phu thu duoc dem chuyén vao
binh Teflon. Binh dugc duy tri ¢ nhiét o thuy
nhiét 1a 140 °C trong 8 gio, sau do lam mat tu
nhién dén nhiét d6 phong. San phim cua quéa
trinh thuy nhiét dugc ly tim va rira nhidu lan
biang nudce cit va ethanol. Cudi cing, san phim
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dugc nghién, sdy kho & 100 °C, thu duogc vat
liéu AgzVO,.

2.2.2. Tong hop vit liéu N-TiO:

Trén 100 mL dung dich amoni hydroxit (25%)
v6i 100 mL nudc cét trong 200 mL etanol
(99,5%) thu dugc dung dich A. Nho tir tir tung
giot titanium isopropoxide (TTIP) vao hdn hop
dung dich A dugc dat trong chau nudc da
(dugc kiém soat & khoang 4 °C) va khudy lién
tuc trong 4 gid. Sau d6 tiép tuc khudy ¢ nhiét
d6 phong trong 24 gio. Dung dich thu dugc
tiép tuc dé ¢ nhiét do phong trong 24 gid. Chat
gel thu dugc dem li tdm, va rira ki bing nudc
cit dé loai bo hoan toan cht du sau phan tng.
Cubi cung,gel dugc dem sdy ¢ 105 °C qua dém
trong khong khi, sau d6 nghién min thanh bot
b?mg ¢bi ma ndo va dem nung 6 nhiét d6 500
°C trong 2 gio vdi toc do gia nhiét 5 °C/phut,
1am mat tu nhién dén nhiét do phong, thu duoc
vat liéu N-TiO,.

2.2.3. Tong hop vit ligu composite AgsVO4/N-
TiO:

Lay 0,1 gam N- TiO, cho vao cbc thiy tinh c6
chra 50mL nudc cét, khudy trong 30 phut. Can
lay 0,1 gam Ag;VOy cho vao coc thiy tinh tiép
tuc khudy hdn hop trong 1 gid. Hon hop thu
dugc dem siéu am trong 1 gio. Sau d6 hdn hop
dugc chuyén vao binh Teflon qué trinh thiy
nhiét dugc duy tri & 140 C trong 8 gid va lam
mat dén nhiét d6 phong. San pham sau khi thuy
nhiét dem li tam, rira sach béng nudce cit nhiéu
lan va sdy kho ¢ nhiét do 80 °C trong 12 gio,
thu dugc vat li€u composite AgzVO4/N-TiO,.
Mau vt liéu thu duoc ky hiéu ANT-x, véi x 1a
ti 16 khdi lugng AgsVO4/N-TIO, (x = 50; 70;
100; 130%).

2.2. Pac trung vat liéu

Vit liéu duoc khao sat hinh anh bé mit bang
phuong phap hién vi dién tir quét (JEOL JSM-
6500F). Thanh phan pha dugc xac dinh bing
phuong phap nhiu xa tia X (D8-Advance
5005). Kha nang hap thu 4nh sang cia xuc tac
dugc dic trung biang phd hip thu UV-Vis
(3101PC Shimadzu).

2.3. Thi nghiém phan hiy TC

Cho 0,04 g xuc tac va 80 mL dung dich TC
10 mg/L vao cde 250 mL, dung gidy bac boc



kin cdc sau d6 khudy déu coc trén may khudy
tir trong 2 gio & cho qua trinh hép phu - giai
hap phu cin bang. G& gidy bac va tiép tuc
khudy déu cdc ho dudi didu kién anh sang dén
led (220V - 30W). Sau thoi gian twong Gng 30;
60; 90; 120; 150 va 180 phut, mau dugc dem
ly tam (tbc d6 6000 vong/phut trong 15
phut), n6ng d6 TC con lai duoc xac dinh béng
phuong phap tric quang & budc song 355 nm
trén may UV — Vis (CE-2011).

3. KET QUA VA THAO LUAN

3.1. Pac trung vit liéu

Dé xac dinh cac hgp phan trong vat lidu tong
hop, cac vat liéu TiO,, N-TiO,, AgsVO4 va cac
composite ANT-5, ANT-7, ANT-10, ANT-13
duogc dic trung bang phuong phap nhidu xa tia
X, két qua trinh bay ¢ Hinh 1.

Tir gian d6 nhidu xa tia X ¢ Hinh 1 ciia cac vat
liéu TiO,, N-TiO,, AgzVO4 va cac composite
ANT-5, ANT-7, ANT-10, ANT-13 cho thiy,
trén gian d6 nhiéu xa tia X ciia TiO, va N-TiO,
hién dién day du cac dinh nhidu xa dic trung
ctia pha duy nhit ¢ dang anatase v6i cac dinh
¢6 cudng d6 manh va sic nét tai vi tri 20 bang
25,45° 37,25° 38,31° 38,67° 49,95° 53,89°
va 55,06° tuong ung véi cic mit tinh thé
(101); (103); (004); (112); (200); (105) va
(211). Ngoai ra, con ¢ sy xuét hién cta cac
dinh nhiéu xa c6 cuong do thip hon & 20 gdm
62,87°, 69,33° twong Umg v6i cac mat tinh thé
(204) va (116) [12, 13].
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Hinh 1. Gian dé XRD ciia cdc vit liéu TiO;, N-
TiO,, AgsVOq va cac vat liéu composite ANT-5,
ANT-7, ANT-10, ANT-13
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béi véi gian dd nhiéu xa tia X cua vat liéu
AgzVOsq, xuét hién dinh c6 cuong d6 manh tai
gbc nhidu xa 31,0°; 32,4° va cac dinh c6 cudng
d6 thap hon umg voi AgsVO, & dang cdu trac
pha tinh thé monoclinic (theo thé chuan JCPDS
45-0543) [14].

Dbi véi cac vat liéu composite tong hop & cac
ti 16 khdi lugng AgiVO4/N-TiO, khac nhau,
xuit hién dong thoi cac dinh nhifu xa dic
trung cho vat liéu AgzVO, va TiO.,.

Dé danh gia kha nang hap thy birc xa ciia cac
hop phén riéng 1& AgsVOs, N-TiO, va cac vt
liéu composite ANT-x, cac mau vat liéu dugc
dic trung bang phuwong phap phd phan xa
khuéch tan tir ngoai-kha kién.
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Hinh 2. Phé UV — Vis trang thdi rdn ciia
Ag3VOy, TiO;, N-TiO; va cac composite ANT-x
Két qua thu duge ¢ Hinh 2 cho thy, phd hép
thu UV-Vis cua vat liéu TiO; c6 dinh va phﬁn
16n bo hap thu anh sang hiu nhu nim gan ving
tir ngoai. Phd hép thu UV-Vis cia vat liéu
Agz;VOs, N-TiO; va cac vat liu composite
ANT-x déu c6 kha ning hip thy bic xa 4nh
sang viung kha kién. So véi vat liéu AgsVOs,,
N-TiO,, céac vat liu composite ANT-x téng
hop déu c¢6 bo hap thu anh sang kha kién manh
hon cac hop phan Ag;VO,, N-TiO, riéng 1é.
Gia tri nang luong ving cdm dugc xac dinh
theo phuong phap Kubelka-Munk cua céac vat
liéu N-TiO,, AgsVO4 va cac composite ANT-
5, ANT-7, ANT-10, ANT-13 dugc trinh bay &
Béang 1.




Bdng 1. Nang leong viing cam Eq ciia cdc vit
liéu Ag3VOy, N-TiO; va cac composite ANT-5,
ANT-7, ANT-10, ANT-13

Vit liéu Ning lwgng ving cim (eV)
AgzVOy 2,25
N-TiO; 2,98
ANT-5 2,18
ANT-7 2,21
ANT-10 2,17
ANT-13 2,24

Tir Bang 1 cho thay, nang lugng ving cam cua
cac vat lidu composite déu nho hon nang luong
ving cdm cua hai hop phan N-TiO, va
Ag:VO,. Piéu nay cho phép dy doan sy gia
tang hoat tinh quang xuc tac cua céac vét liu
composite trong ving anh sang kha kién so véi
cac vat liéu N-TiO, va Agz;VO, riéng 1&.
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Hinh 3. Anh SEM ciia cdc vit liéu Ag;VOy (a),
N-TiO; (b) va ANT-10 (c)
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T anh SEM (Hinh 3) cho thiy, cic hat
AgzVO, ¢6 hinh dang va kich thudc kém dong
déu, cac hat N-TiO, c6 hinh dang cau véi kich
thudc hat khoang 30nm. Pdi voi anh SEM cua
vét liéu ANT-10 cho thay su phan tan N-TiO,
trén AgzVOs.

3.2. Hoat tinh quang xic tac

Pé danh gia hoat tinh quang xtc tac cua vt
liéu AgzVOs4, N-TiO; va cac vt li¢u composite
Ag:VOL/N-TiO, tong hop dugc, thi nghiém
phan huy TC dugc tién hanh. Két qua do
chuyén héa TC duoc trinh bay & Hinh 4.
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Hinh 4. Dé6 thi su phu thuoce gia tri C/C, cua
TC theo thoi gian chiéu séng ciia cdc vt liéu
composite ANT-x
Két qua & Hinh 4 cho thdy rang, khi so sanh
bon vat liéu bién tinh & céac ti 1& khac nhau,
mau ANT-10 c6 hoat tinh quang xtic tac cao
nhat. Sau 3 gid phan tng do chuyén hoa cia
TC cua vét liéu ANT-10 dat 63,88%. Trong khi
d6, ddi voi cac vat lieu ANT-5, ANT-7 va
ANT-13 ¢6 hiéu sudt phan huy TC lan luot dat
40,95% ; 56,98% va 45,52%. Vat liéu
composite ANT-5 va ANT-7 thé hién hoat tinh
quang xuc tac phan hiy TC cao hon so vai vat
litu N-TiO; (43,19%) va Agi3VOs (54,38%)
riéng 1¢. Piéu nay dugc giai thich 1a do téc do
tai to hop cap dién tir - 16 trong quang sinh
trong vat liéu composite nho hon so véi cac vat
liéu riéng 1é. Cu thé, dudi su chiéu xa cua anh
sang nhin thay, Ag;VO; bi kich thich va sau d6
cic electron quang sinh dwgc chuyén sang
ving din ciia N-TiO,. Céc electron & ving dan
cua Agz;VO, va N-TiO; s€ tham gia phan tGng



voi Oz hoa tan hép phu trén bé miat d&é tao
thanh anion O,". Sau d6, san phdm trung gian
HO' duoc hinh thanh bing phan ung giita
electron quang sinh va H,O,. Hon nira, cac 16
tréng quang sinh & viing héa trj ctia vat liéu N-
TiO5 ¢6 thé oxi héa truc tiép H,0 dé tao thanh
HO" va n6 c6 vai trd cha chdt trong qua trinh
phan hiy hop chat hitu co. Qué trinh xuc tic
quang xay ra trén bé mit vat lidu AgsVO./N-
TiO; dién ra nhu sau:

N-TiO, + hv = h'yp (N-TlOz) + e cB (N-TlOz)
AgsVO4+hv = h'yvg (AgsVO,) + ¢
cB(AgzVO0,)

h*vg (N-TiO;) + H,O = HO" + H*

€ cB (Ag3VO4) —*ecB (N—TlOz)

€ CB (Ag3VO4) +0, Ag3VO4 + 0y

€ CB (N—TlOz) + O, —* N-TiO, + O™

O, +H' = HOy

HO, + HY — H,0,

H,O, +ecg =+ HO' + OH-

HO"+ TC —* CO, + H,O

Qua4 trinh tai t6 hop cua electron va 15 tréng
quang sinh dwoc han ché t6i da do qua trinh di
chuyén cua cac electron quang sinh tir ving
dan ciia Ag;VO, dén ving hoa tri cia N-TiO,
va tir ving dan cua N-TiO, dén ving hoa tri
cua AgzVO, (Hinh 5).
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"

©; OH

Chit hiru co
(3H
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Hinh 4. Sw chuyén dién tir cua vat liéu
composite Ag;VO./N-TiO, khi bi chiéu sdang
4. KET LUAN
Pa tong hop thanh cong vat liéu composite
AgzVO4/N-TiO, bang phuwong phép thity nhiét.
Vit liéu composite Ag;VO4/N-TiO, téng hop
¢6 kha ning hép thy manh anh sang kha kién
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hon so véi timg hgp phan Ag;VO, va N-TiO,
riéng 1. Két qua khao sat sy phan hiry TC trén
cac vat liéu tong hop dugc cho thiy, hidu qua
phan hiay TC trén vat li€u composite
Ag3;VO4/N-TiO; dat 63,88 % sau 180 phut xtr
1y, gia tri nay cao hon so v6i hiéu qua phan huy
TC trén vat liéu AgzVO4 va N-TiO; trong vung
anh sang kha kién do han ché su tai to hop cta
céc cap dién tir va 10 tréng quang sinh trong vat
liéu composite.

Loi cam on: Nghién ciu nay dwoc tai tro boi
B¢ Gido duc & Pao tao dudi dé tai cap B6 ma
56 B2019-DQN-562-04.
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