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Abstract: In this paper, WO3/g-C3N4 photocatalysts were fabricated by ultrasonic-assisted
hydrothermal method at different mole ratios of WOs3/g-C3sN4. Ultraviolet-visible absorption
spectroscopy (UV-Vis DRS) and photoluminescence (PL) results indicated that WO3/g-C3N4
photocatalyst with the WO3/g-C3sN4 mole ratio of 1/1 (WC-1) showed visible light absorption
ability and prevented electron-hole recombination rate better than WOs3, g-CsNs and other
composites. The photocatalytic activities of synthesized photocatalysts were investigated by the
photocatalytic oxidation of tetracycline (TC) antibiotics under visible light. The degradation
efficiency of TC in aqueous environment by the WC-1 was 79.35% after 180 minutes. This
value was higher than those of other materials. The improvement in photocatalytic property of
the WO3/g-C3N4 was due to the efficient generation of electrons and holes.
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Tém tit: Trong bai bao nay, xlc tac composite WOs/g-CsNs duge didu ché bang phuong phap
nhiét pha ran c6 hd trg cia siéu am & da dang céc ty 1¢ mol WOs/g-CsNa. Két qua pho phan xa
khuéch tan tir ngoai kha kién (UV-Vis DRS) va phd quang phat quang (PL) cho thdy, xdc tac
WOs/g-CsNa didu ché ¢ ty 16 mol WOs/g-CsNy la 1/1 (WC-1) c6 khd nang hap thy 4nh sang nhin
thdy va han ché sy tai to hop giita dién tr va 16 trng quang sinh t6t hon so vai cac vat lidu khac.
Hoat tinh quang xtc tic cua xuc tic tong hop dwoc khio sat thong qua sy phan hiy khang
sinh tetracycline (TC) du6i 4nh sang nhin thiy. Trong d6, vat liéu WOa/g-C3N, véi ty 1& mol
WO3/g-C3N4 14 1:1 co hiéu suat phan hiy TC cao nhét, dat 79,35% sau 180 phut chiéu xa. Gia tri
nay cao hon so voi hiéu qua phan huy TC trén vat lieu WOs va g-C3N4 dudi anh sang ving kha
kién do han ché duoc su tai to hop giita electron va 15 trong quang sinh trong vt liéu composite.

Tur khéa: WOs, g-C3N4, anh sang nhin thay, hoat tinh quang xtc tac, khang sinh, tetracycline.

1. Mé dau

Hién nay, dé loai bo chat khang sinh trong
mdi truong nude chi yéu tap trung vao phuong
phap oxi héa va oxi tién tién. Cu thé, qua trinh
ozon hoéa da duoc nghién ciru dé loai bo cac
chit khang sinh beta-lactam, macrolide,
sulfonamide, trimethoprim, quinolones,
tetracycline va lincosamide trong moi truong
nuéc kha hi€u qua [1]. Qua trinh Fenton da
dugc nghién ctru va sir dung rong rii trén thé
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giéi nhu mot phuong phap hitu hiéu dé phan
huy nhiéu nhém khang sinh [2, 3]. Tuy nhién,
phuong phap Fenton kha tén kém vé mat hoa
chat xtr 1y va can phai hiéu chinh théng sé pH
trude va sau khi xir 1y do phan Gng phai thyc
hién & gia tri pH thap nén doi hoi can c6 nhiing
nghién ctru st dung cac giai phap khac hitu hiéu
hon [4].

C6 thé thiy rang, trong cac phuong phap da
dugc nghién clru va ap dung trong xur 1y cac
chat hitu co it/kho sinh hay, phuong phéap tng
dung vat liéu xuc tac quang la giai phap tién
tién va tiém nang. Trong dod, cac vat li¢u xuc tac
quang nhu TiOz, ZnO dugc biét dén nhu nhimg
chat xuc tac tiém ning cho viéc loai bo cac chat
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hitu co, phan tach nude dudi dnh sang nhin thay
[5, 6]. Khi dugc kich thich boi mot nguén sang
c6 nang luong phu hop s€ sinh ra cac electron
va 16 tréng. Céac electron sinh ra cu tra trén
ving dan, con cac 16 tréng s& cu tri ¢ ving hoa
tri cua xuc tac. Sau do, cac electron va 16 tréng
quang sinh s& di chuyén dén bé mit cua xuc tac,
tham gia vao qué trinh oxy hod nudc tao thanh
géc HO" va khtr O, tao thanh O,". Cac vat liéu
xuc tic quang ban dan co thé dugc chia thanh
hai nhém chinh: nhém vat lidu truyén thong
(c6 nang luwong ving cam Ién nhu TiOy,
ZnQ,...) va nhom vat liéu xic tac quang moi
(c6 ning luong ving cAm hep).

WOs duge biét 1a mot ban dan co gia tri
ning lugng ving cam (Ebg) thip (dudi 3eV)
[7, 8, 9] va da nhéan dugc sy cha y 16n tir cac
nha nghién ctru do kha nang quang xtc tac phan
huy céc chat hitu co 6 nhiém cao dudi 4nh sang
ving nhin thay. Tuy nhién, WOs lai c6 cac yéu
diém nhu: i) Chi c6 thé oxy hoa trén ving hoa
tri c6 sy phu hop (thuong la duong hon so voi
thé oxy hoa cua "OH/H,0) dé thuc hién phan
mg oxy ho& H,0 tao thanh "OH; va ii) Su tai td
hop kha nhanh cia cac cip dién tir - 18 trong
quang sinh nén hoat tinh quang xuc tic cua
nhom vat liéu thé hé méi nay ciing khong cao
néu chi sir dung don 1é.

Trong khi d6, ban dan hitu co graphitic
carbon nitride (g-CsNa) c6 thé oxy hoa trén
ving dan co gia tri xap xi -1,13 eV nén hoan
toan c6 thé khir oxygen thanh anion superoxide,
anion nay co thé tham gia cac phan tng dé tao
ra gbc hydroxyl. Ving héa tri d6i voi g-CsNs ¢6
gia tri khoang 1,57 eV, 1a it dwong hon thé oxi
hoa ciia HO/H,0 nén khong thé oxi hoa nudc
thanh gbc hydroxyl [10-12]. Viéc tao ra hé
composite dang Z WO3/g-C3Na s&€ han ché dugc
cac yéu diém cua vat liéu WOs3 va g-CsN4 don
1é 1a i) Lam giam sy tai t6 hop nhanh cia cac
dién tir va 16 tréng sinh ra; ii) Su oxy hoa va su
khir dong thoi xay ra trong xic tac composite;
va iii) Tang hiéu qua chuyén dich dién tich giira
cac hop phan trong x(c tac composite, va do
vay xuc tic ¢ hoat tinh tot dudi anh sang ving
nhin thdy [13-15]. Do vay, bai béao tap
trung nghién ctru téng hop xtic tdc composite
WOs/g-CsNs v6i nhiéu ti 16 mol WOa/g-CsN,
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nhim thu dwogc vat liéu composite han ché tét
su tai to hop giita cac electron va 18 trong dé
lam ting kha nang loai bo khang sinh TC 6
nhiém trong nuéc.

2. Thye nghiém
2.1. Tong hop vit liéu

i) Tong hgp g-CsNa: Can 2 gam (NH).CO
da dugc nghién min cho vao chén nung, t1en
hanh nung tai nhiét d6 530 °C (dleu kién yem
khi trong dong khi nitrogen) v6i nhiét d tang
dan 5 °C/phut. Sau thoi gian 2 gio, mau dugc dé
ngudi tu nhién trong 10 nung cho dén gan véi
nhiét do hién tai cua phong thi nghiém, thu
duogc chét rin c6 mau vang (g-CsNa) [16];

i) Tong hop WO3: WO; duoc tong hop tir
sodium tungstate dihyrate (Na;,WQ4.2H;0) va
acid citric (CeHgOy7) [13].

2.1.3. Tong hop WO3/g-CsNa

WO;va g-CsNs dugc cho vao dung cu dung
bang thiy tinh 100 mL theo ti 16 mol WOa/g-
CsNy 1an luot 13 0,5/1 (WC-0.5); 1/1 (WC-1),
1,5/1 (WC-1.5) va 2/1 (WC-2). Sau d6, hdn hop
WO; va g-C3sNs duge phan tan vao dung moi
nuéc theo ty 16 khdi lwong (WO3 va g-CsN.)
(9)/thé tich nudc cat (mL) la 1:20. Hon hop
duogc siéu 4m trong 15 phit va khudy dung dich
trén trong 2 gid. Sau d6, cho hon hgp bay hoi
hoan toan ¢ 80 °C va nung & nhiét do 530 °C
(diéu kién yém khi trong dong khi nitrogen) voi
nhiét d6 tang dan 5 °C/phut. Sau thoi gian 2 gio,
mau duoc dé ngudi ty nhién trong 10 nung cho
dén gﬁn v6i nhi€t do hién tai ctia phong thi
nghiém, thu duoc céac chét rin c6 mau vang, ki
hiéu WC-x (x = ti 1€ mol WO3/g-C3N.)

2.2. Bac trung vdt liéu

Dung phuong phap XRD (D8-Advance
5005) dé xac dinh cdu trGc. Phwong phap
UV-Vis- DRS (3101PC Shimadzu) dé xac dinh
dic tinh hip thy anh sang. Phuong phap EDX
(thiét bi Jeol 5410) dé& phan tich thanh phan
nguyén t6. Phwong phap PL (Fluoromax-4,
Jobin-Yvon Co, France) khao st su tai két hop
gifta cac dién tir va 16 trong quang sinh.
Phuong phap SEM (JEOL JSM-6500F) dé tim
hiéu hinh anh bé mt vat lidu.
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2.3. Thi nghiém phdn huy TC

Can 0,1 gam WOs3 hoac g-C3sN4 hoac WC-X,
vao cdc sach thuy tinh da chira 200 mL dung
dich TC nong do 10 mg/L (hi€u chinh pH =7),
dat coc trén may khuay tr va cho vao trong
budng phan tng bing gd, khudy déu cdc dé su
hap phu va giai hip phu dat can bang. Sau thoi
gian dat can bﬁng hép phu, léy mot lugng xac
dinh dung dich TC dem tach chét xtc tac va do
ndéng d6 TC con lai. Nong d6 khang sinh TC &
thoi diém nay 1 ndng do dau vao khi thuc hién
nghién ctru quang xtc tac. Tiép tuc khudy déu
(600 vong/phit) hdn hop dudi diéu kién anh
sang dén led tring (30 W) c6 cuong do tai bé
mat anh sang dén led tiép xtc voi dung dich 1a
41.200 lux (st dung may do cuong d6 anh
sang LX-1010B, dua vao by phan cam blen cua
may dé doc va kiém tra mirc d6 cung cip anh
séng cua dén led tring), budc song trong vung
kha kién 400 < A < 700 nm, dat cach bé mat
dung dich phan mg 40 cm, nhiét 46 dugc duy
tri & 30 °C. Ung voi khoang thoi gian nhét
dinh, 1iy mot lugng xac dinh dung dich TC
dem tach chat xuc tac va do ndng d6 TC con lai
(phwong phép tric quang & budc séng 355 nm).

3. Két qua va thio luin
3.1. Ddc trung vat liéu

Pé khang dinh cac thanh phan trong xtc tac
WOj3 va g-C3Ns va WC-x tong hop. Cac xiic tac
dugc phan tich bang phwong phap XRD, két
qua thu dugc thé hién ¢ Hinh 1.

Cuong d0o (a.u)

2-theta (do)

Hinh 1. Gian d6 nhidu xa XRD
cua WO3, g-C3N4 va WC-x.
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Tir két qua gian d6 XRD ciia cac xuc tac g-
CsNs, WO3 va WC-x (Hinh 1) chi ra rang, ddi véi
WO3 ¢6 hai dinh nhidu xa sic nét vi cuong do
kha manh & goc 2-theta khoang 23,1; 24,2° ing
véi cac mat (002), (200) va hai dinh nhiéu xa c6
cuong do thap tai goc 2-theta bang 23,7; 34,1°
g vdi cac mat (020), (202) dai dién cho WOs
dang cdu tric monoclinic (theo thé chuan
JCPDS: 43-1035), con xdc tdc g-C3Na, dinh
nhidu xa c6 cudng do kha manh xuét hién tai vi tri
2-theta khoang 27,40° dugc quy cho su sip xép
cua cac h¢ lién hop thom, ing véi mét (002) minh
chimg cho céu tric cia g-CsN, (thé chuin JCPDS
87-1526). Trong khi do, gian d6 XRD ciia cac
xic tac WC-0.5, WC-1; WC-1.5 va WC-2 gan
nhu thé hién day du cac dinh nhidu xa tmg voi ca
hai hop phan g-CsNs va WO; [13, 17], diéu nay
cho thdy xuc tac WOs/g-CsNs dugc didu ché
thanh cbng.

bac tinh hép thu birc xa cla cac xuc tac
tong hgp WO3 va g-CsN4 va WC-x duoc nghién
ctru bang phuong phap UV-Vis DRS, két qua
thu dugc thé hién trén Hinh 2.

Cuwéng 46 (s.u)

WO,
wWCas
wCa
WCas
wWo2
£ ONy

300 400 500 000 700 800
Bude svéng (am)

Hinh 2. Phd UV-Vis DRS ctia WOs,
g-CsN4va WC-x.

Tir phdé UV-Vis DRS (Hinh 2) cta xuc tac
g-CsN4 va WO;3 cho thiy, déu xuat hién dai hap
thu birc xa xuat phat tir ving anh sang tir ngoai
sang ving anh sang nhin thdy, nhung xuc tac
WOj3 hép thu burc xa trong khoang 400-800 nm
manh hon khi so vdi véi g-CsNa. Trong khi do,
phd UV-Vis DRS cua cac xUc tic composite
tong hop ¢ da dang céc ti 1¢ mol WOs/g-CsN,
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gan nhu c6 bo hap thu anh sang ving kha kién
manh hon nhiéu so véi xdc tac g-CsNs va WOs.

Gié tri Epg cta xtc tdc WO3 va g-CsN4 va
WC-x thu dugc dwa vao dit liéu cua phd
UV-Vis DRS. Két qua gia tri Epg & Bang 1 chi
ra rang, XUc tac WO3, g-CsN, ¢6 Epg tuong ting
v6i 2,78 va 2,75 eV, mau xuc tic WC-1 c6 Epg
b?mg 2,69 eV, nho hon so vai WOs3, g-CsN4 don
va nho nhét dbi véi cac xic tac tong hop. Két
qua nay ching to cac vét liéu lai ghép WC-x
déu co kha nang hép thu birc xa trong ving dnh
sang nhin thay va sy sai khac gié tri ning luong
ving cAm 1a khong dang ké.

e @-CaNY
WOy
£
>
2,75 eV
20 25 3.0
Nang lugng (eV)

=

WC-0.5
WC-2 277ev
WC-15 2730v
WC-1 269V

2780V

20 25 30
Nang lwgng (eV)

Hinh 3. Sy bicu dién ham Kubelka-Munk phu thuoc
vao nang lugng hap thy anh sang cua xuc tac WOs,
g-CsN4 (a) va WC-x (b).
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Bang 1. Gia tri Epg cia WOs3, g-C3Ns va WC-x

Vatliu | Eng (V)
g-CaN, 2,75
WO; 2,78
WC-05 | 278
wcC-1 2,69
WC-15 | 273
wWeC-2 2,77

Phd PL duoc dung dé phan tich su tai két
hop giita cac dién tir va 16 trong quang sinh
trong xuc tac. Phd quang phat quang cac xtic tac
WO3, g-CsN4 va WC-x duogc thé hién ¢ Hinh 4.
Két qua thu duoc tir phd PL & Hinh 4 thé hién
su giam cudng d6 dinh phd PL 1 rét tir mau
xuc tac g-CsNa, WO3 dén WC-1 (khi céc vat
liéu bi kich thich ¢ budc song 300 nm), c6 cuc
dai phat xa manh ¢ khoang 450 - 475 nm. Khi
céc xtc tac diéu ché bi kich hoat, cuc dai PL
xuat hién trong khoang 450 - 485 nm véi céc
xuc tdc WC-x c6 cuong do PL thap hon khi so
v6i g-CaNa, WO3 don. Két qua PL chi ra thir
tu tai két hop giita electron va 15 tréng trong
xlc cac xdc tac giam lan lwot 1a WO3 > g-
CsNg > WC-0.5 > WC-1.5 > WC-2 > WC-1.
Nhu véy, xac taic WC-1 da han ché duoc sy
tai to hop gilta cac dién tir va 16 trong hitu
hiéu hon so v&i xuc tac g-CsNa4 va WO3 riéng
1é trong vung khao sat. Do vay, xtic tic WC-1
dugc chon cho nghién ctru cac tinh chét khac.

<

ong 60 (a.u)

Cu

o as 500

Budc song (nm)
Hinh 4. Phé PL cua xuc tic WO3, g-CsNg va WC-x.

Anh bé mit cta xtic tic WO3, g-C3Ns, WO3
va composite WC-1 duoc khdo sat voi phuong
phap SEM. Ttr anh SEM ctia mau xuc tac WOs,
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g-CsNs va WC-1 didu ché duoc cho théy: vat
lisu WO3 (Hinh 5a) gdm cac hat c¢6 kich thudc
trung binh khoang 50-90 nm va c6 xu hudng co
cum lai v&i nhau, con vt liéu g-CsN4 (Hinh 5b)
¢6 dang ciu trac nhiéu 16p. Trong khi do6, anh
SEM vt liégu WC-1 (Hinh 5c¢) cho thdy gom
cac hat c6 kich thuée dong déu hon.

Hinh 5. Anh SEM cuia xuc tdc WOs (a),
g-CsN4 (b) va WC-1 (c).

Dé phan tich thanh phan cac nguyén té co
trong xuc tac WC-1, phé EDX duogc str dung dé
khao sat. Két qua phén tich thé hién trong
Hinh 6.

w (a)
1500 4
~~
o
o
S
€@+ 1000 -
<
o0
g Soo.‘ {
' WL
W w
04 g e e
0 5 10 15
Nang lugng (keV)
1500 4 C
(b)
-~
=
o
S
@ 1000
<
g
Q
o [ﬁ Y r v . — ™ L2 *
o 1 2 3 “ S L] 7 8 ° 10
Nang hrong (keV)
c
1000 (©)
~
=
«
- N
Qe
T wo
g
) LJL
(=]
w W w
L e i A I o S ans st o s o S o s e e 4
0 1 2 3 4 5 o0 7 & 9 10 11 12 13 14 ¥
Nang lugng (keV)

Hinh 6. Pho EDX ciia xtic tac WO3 (a),
g-CsN4 (b) va WC-1 (c).

Két qua phd EDX cua xic tac WC-1
(Hinh 6) cho thdy c6 cac dinh phd tai cac murc
nang luong 9,64; 8,45; 7,43 va 1,29 keV dic
trung cho sy ¢6 mit ciia nguyén t6 W. Dinh phd
xuét hién tai gia tri nang lugng 0,51 keV ung
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v6i nguyén t6 O [18, 19]. Dinh phé dic trung
cho nguyén t6 C tng voi gia tri ning lugng
0,28 keV. Pinh phé dic trung cho nguyén t6 N
tai gia tri nang lugng 0,40 keV [20]. Tir phd
EDX ciia WC-1 cho thiy c¢6 day du cac dinh
phd dic trung cho ci hai hop phan vat liu
WOs, g-C3Ns va khong co c6 mit nguyén to
khéac. Nhu vay, composite WC-1 da dugc diéu
ché thanh cong va c6 do tinh khiét cao.

3.2. Banh gia hoat tinh xiic tac ciia composite
WOs/g-C3N4

Dé khao sat hoat tinh cia xUc tac WOs,
g-CsNs va WC-x, TC dugc nghién ctru phan
hay nhu chit 6 nhiém khang sinh mé hinh. Két
qua hiéu sudt phan hay TC dugc trinh bay &
Hinh 7.

p . -
10 P . 3 ,- o -
P— 1 N
084 BN O
» . w
a \ >
= . ‘ = bt
Y 08 .
o . . -
.
0.4 " -
.- g LN, - _—
. WO, g
- WC-D B »
" WC .
¥ WC-1 8
- WC.3
- Knang weh
oo ——t——————t———r——r——r T
0 0 60 9 0 ¥ 80 0 120 1% w0

Thod glan (phat)

Hinh 7. Sy thay d6i C/Co ctia TC phu thudc thoi
gian chiéu sang cta xuc tdc WOs3, g-CsNg4, va WC-X.

Két qua thuc nghiém thu duoc (Hinh 7) chi
ra rang, khi so sanh cac xuc tic WC-x véi
g-C3sNs va WO3 don 1€ thi vat liéu WC-1 c6 kha
ning phan hity TC t6t nhat trong ving nghién
ctru. Cu thé, véi 180 phut xir 1y thi hiéu suat
chuyén hoa TC trén xuc tac g-C3Nsva WO;3 lan
luot 1a 52,34 va 32,53%; vat li¢u WC-1 dat hi¢u
suat la 79,35%, con ddi véi cac vat liéu
WC-0.5, WC-1.5, WC-2 d6 chuyén héa TC lan
luot dat 63,41%, 72,35% va 65,63%. Nhu viy,
ca bdn xuc tac composite WC-x déu c6 hoat
tinh cao hon so vai xtc tac g-CsNs va WOz
riéng 1¢. Didu nay c6 thé do su lai ghép g-CsNa
v6i WOs di c6 tac dung tang thoi gian song cua
dién tir va 15 trong nén 1am ting hiéu qua phan
huay TC cuia xtc tac WO3/g-CsNa.

Khi vét liéu composite WC-1 dugc kich
hoat b::ing birc xa kha kién, electron trén vung
ho4 tri ctia g-C3Nj s& nhay Ién viing dan va thuc
hién phan tmg v6i O, hoa tan tao ra goc
*Oz, mot phan electron trén ving dan xuc tac
g-CsN4 nhay xudng ving dan cua WOs. Bén
canh do, khi xtc tac WOs3 bi kich thich béng
birc xa nhin théy, electron ¢ vung hoa tri cua
WO; bi phan tach, nhay Ién ving dan, electron
trén ving dan cia WO3 dé& dang chuyén sang
vung hoa tri cta xtic tic g-CsN4 lam giam sy tai
t6 hop giita electron véi 16 tréng [13, 17]. Co
ché qua trinh phéan hity khang sinh TC trén xtc
tac WO3/g-C3Nj c6 thé mo ta nhu sau:

g-CsNa+ hv—> ecg’ (g-C3N4) + h\,b*(g—CgN4)

WOs3+ hv—> eCB'(W03) + hvb+(W03)

ece  (9-CsNag) + O2 — *O2

*‘Oy + H" — HO:*

e+ HO,+ H — H»0,

e + H,O, — *OH + "OH

hw*(WO3) + H,.O —°*OH + H*

TC + (hw*(g-C3Na), *OH) — CO; + H,0O

4. Két luan

Vit liéu composite WC-x da duoc tong hop
thanh cong & cac ty 16 mol WOa/g-CsN, 1an luot
14 0,5/1, 1/1, 1,5/1 va 2/1. Trong do, vat li¢u WC-
1 dugc tong hop & ty 16 mol WOs/g-CsN4 1:1 ¢
dac tinh hap thy anh sang ving nhin thdy manh so
v6i céc hgp phan WOs, g-C3Nq riéng 16 va cac vat
li€u composite khac trong vung khao sat. Su phan
huy TC trén xuc tac trén vat liéu composite WC-1
(79,35% sau 180 phdt phan hiy) 1a cao hon so véi
xUc td&c WOs3 va g-C3N4 va cac composite con lai
trong cung diéu kién khao sat (ndng do TC
10 mg/L, khdi luong xuc tac 0,1g, thé tich dung
dich 200 mL, dén led tring 30 W (c6 cuong do
41.200 lux, 400 < A < 700 nm, dit cach bé mt
dung dich phan tng 40 cm) va nhiét d6 dugc duy
tri ¢ 30 °C).

Loi cdm on

Nghién ciru nay duoc tai trg b{wi B tha
hoc va Cong ngh¢ trong khuon kho dé tai cap
Nha nuéc, méd s6 BPTPL.CN.33/21.
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