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TOM TAT

Vat ligu composite g-CsNa/CuWO4 dugc tdng hop bing phuong phap nhiét pha ran c6 hd
trg siéu am tai nhiét d6 530 °C. Vat liéu tong hop, duogc dac trung bang cac phuong phap nhiéu
xa tia X, hién vi dién tir quét, phd hong ngoai va phd phan xa khuéch tan tir ngoal nhin thay
Vit liéu lai ghép g-CsN/CuWO, téng hop c6 kha nang hap thu manh &nh sang nhin thiy so
vé6i ting hop phan g-CsNs va CuWO; riéng 1é. Két qua khao sat sy phan hiy khang sinh
tetracyline hydrochloride (TC) trén xc tac g-CsNa, CuWO, va g-C3N4/CuWO, cho thiy, hiéu
suit phan huy TC trén vt liéu lai ghép g-CsNa/CuWO, dat 80,57% sau 3 gid chiéu sang, cao
hon so véi vat liéu g-CsNs, CuWO, trong viing anh sang nhin thy, nho gia ting kha ning hap
thu birc xa nhin thay va han ché s tai té hop nhanh cap dién tir va 13 trong quang sinh dua
vao so db dang Z.

T khoda: g-CsN+/CuWO4, composite, quang xuc tac, tetracyline hydrochloride.

1. MO PAU

Mot trong sé nhitng chat ban dan da thu hat nhiéu sw chd y hién nay la graphitic carbon
nitride (g-CsNa) - mot dang chat ban dan polyme hiru co khdng kim loai, ¢6 cau tric |6p nhu
graphene [1], dugc tng dung lam xtc tdc quang tach nudc tinh khiét [2] va phan hay chat hiu
co gay 0 nhiém ngay trong viing anh sang nhin thay [3]. Uu diém cua vt liéu g-CsNy 1a 6 nhiéu
loi thé nhur ¢6 ning luong ving cam hep (khoang 2,7 eV), dién tich bé mit 16n, hinh thai doc
d4o. Tuy nhién, nhuoc diém caa g-CsN, tinh khiét 1a c6 toc do tai to hop giira 16 tréng va cac
dién tir quang sinh kha nhanh, dan dén hiéu qua quang xdc tac khong cao. Dé khic phuc nhuoc
diém nay, nhiéu phuong phap bién tinh g-CsN, da duoc &p dung nham ting hoat tinh xdc tac
quang caa g-C3Na. Chang han nhu pha tap g-C3Ns véi cac nguyén td phi kim khac nhu O, S, ...
[4, 5] hoic lai ghép g-CsN, véi mot sb vat liéu ban dan khac nhu: SiO; [6], BiVO, [7], V205 [8],
Sn0; [9], WOs [10]..... Két qua nghién ciu cho thdy, hoat tinh quang xGc tac cua vat liéu
composite vuot troi hon nhiéu so véi g-CsN4 va oxit riéng Ié.

Bén canh do, loai vat liéu tungstatse AWO, (A: Bi, Co, Fe, Cu) di thu hut nhiéu su quan
tAm cua cac nha khoa hoc do tinh chat quang xc tac cua loai vat liéu ndy méi dugc phat hién
va quan tdm nghién ctu [11-13]. Nhin chung, céc vat liéu thuoc ho AWO, ¢6 do rong ving
cam hep (nho hon 3,0 eV) nén chiing c6 kha ning hap thy &nh sang trong vung nhin thay,
ching c6 kha nang phan hay cac hop chit hitu co n6i chung va cac chat khang sinh noi riéng.
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Nhiing cong bd gan day cho thay, vat lisu FeWO,[13] khong cd kha ning quang xtc tac phan
hity cac hop chit hiru co, con vt liéu ZnWO, chi thé hién kha ning quang xuc tac dudi tac
dung cta cac bac xa trong vung tir ngoai [12]. Trong khi d6, CuWOs Véi gia tri nang lugng
viing cam nho (2,1-2,3 eV), c6 kha nang hap thu tét anh sang trong ving nhin thay, do do,
CuWO, la &ng vién tiém ning cho vt liéu xuc tac quang [14]. Bong thoi, viéc tong hop vat
lieu CuWO, twong d6i don gian, nguon nguyén liéu khong dit, co kha niang san xuit trong
pham vi rong. Do vdy, da thu hat nhiéu sy quan tam nghién ctu, sir dung lam chét xdc tac
quang cho phan tng phan hay cac chat hiru co 6 nhiém dudi tac dung cua anh sang nhin thay.

Tuy nhién, ca g-CsN4 v CuWOj, tinh khiét déu c6 toc do tai to hop cap dién tir va 15
tréng quang sinh kha cao [5, 6, 14], din dén hiéu qua quang xuc tac khong thuc su cao trong
viing anh séng nhin thay. Bé khic phuc nhuoc diém nay, nhiéu nha khoa hoc da nghién ciru
bién tinh g-CsN4 vd CuWO, bing nhiéu tac nhan bién tinh khac nhau nham lam ting hoat tinh
quang xUc tac cua cac vat lidu td hop.

_Trong nghién ctru nay, g-CsNs/CuWO, duoc didu ché bing phuong phap nhiét pha ran
c6 hd trg siéu &m véi hoat tinh quang xUc tac cao trong vung anh sang nhin thiy nham tng
dung dé xir ly chat khang sinh 6 nhidm trong méi truong.

2. NGUYEN LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Nguyén li¢u

Urea ((NH2).CO), 98%, Merck; tetracycline hydrochloride (Cz2H2sCIN2Os), > 98%,
Sigma; sodium tungstatse (Na,WQ4.2H,0), > 98%, Sigma; acid sulfuric (H.SO.) 93 - 98%,
cupper nitrate (Cu(NOs),.3H,0) 99%, acid oxalic (H2C,04) 99%, Xilong. Nudéc cit hai lan
duoc st dung trong tat ca thi nghiém.

2.2. Phwong phap nghién ciru
2.2.1. Téng hop vat liéu
2.2.1.1. Téng hop vit lidu g-CsN, tir urea

Urea dugc cho vao c6i ma ndo nghién min, sau do6 cho vao chén str, boc kin br:ing nhiéu 16p
gidy trang nhom (nham ngan can sy thang hoa ciia tién chat cling nhu 1am ting cuong sy ngung
tu tao thanh g-CsNs), dat vao 16 nung. Nung néng mau & nhiét do 530 °C va giit nhiét d6 nay
trong 1 gio voi tdc do gia nhiét 5 °C/phut. Cudi cung, 16 dwoc 1am ngudi tu nhién dén nhiét do
phong, roi nghién min thanh bot.

2.2.1.2. Téng hop vit liéu CuWO,

Dung dich Na;WO, 0,2 M va Cu(NOs); 0,2 M thu duoc bang cach hoa tan Na,WO, va
Cu (NO3); bang nudc cét, sau do, hai dung dich Na;,WO; 0,2 M va Cu(NO3); 0,2 M dugc tron
14n voi nhau theo ti 16 thé tich 1:1 trong cdc thaty tinh. Cho Cetyl trimethyl ammonium bromide
vao cdc thuy tinh trén, khudy trong 2 gid, thu duoc huyén phtt mau xanh 14 cay. Sau d6, huyén
phu dugc chuyén vao binh Teflon va dem thay nhiét & nhiét d6 190 °C trong 12 gio. Chat két
tha thu dugc sau qua trinh thily nhiét dem ly tim, rira nhiéu 1an bang nude cat, ethanol va sdy
kho & 80 °C trong 12 gio. Chat két tiia sau khi sy dem nung trong khong khi & 550 °C trong
4 gi0, thu dugc vat liéu CuWO4 [15].

2.2.1.3. Tong hop vit liéu composite g-CsNa/CuWOs,

Bot CuWO, va g-C3Na cho vao cdc theo ti 1& khdi luong g-CsNi/CuWO, 1 15%, dem
mau nghién min. Sau d6, dem phan tan trong etanol, siéu &m trong thoi gian 15 phdt va nung
& nhiét do 530 °C trong 1 gio véi toc do gia nhiét 5 °C/phat va 1am mét tu nhién dén nhiét do
phong. Vat liéu thu dugc ky hiéu g-CsN4/CuWOa,.
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2.2.2. Bdc trung vat ligu

Thanh phan pha dugc xac dinh bang phuong phap nhidu xa tia X (D8-Advance 5005,
Bruker, My). Khd nang hap thu &nh sang cua xtc tac duge ddc trung bang phuong phap phd
phan xa khuéch tan tir ngoai — nhin thay (3101PC Shimadzu, Nhét). Bac trung cac lién két hoa
hoc cuia vat liéu tong hop dugc xac dinh bang phuong phap pho hong ngoai (Nicolet Magna-
IR 760, M§). Khao sat hinh anh bé mat bang phwong phap hién vi dién tir quét (Jeol 5410 LV,
Nhat).

2.2.3. Banh gia hoat tinh quang xuc tac

L4y 0,1 g xuc tac va 200 mL dung dich TC 10 mg/L vao cbc 250 mL, dung gidy bac
boc kin cbc sau d6 khudy déu coc trén may khudy tir trong 2 gid dé cho qua trinh hap phu -
giai hap phu can bang. G& gidy bac va tiép tuc khudy déu coc hé dudi didu kién anh sang dén
led (220V - 30W, 41200LUX). Sau thoi gian nhat dinh, dung dich TC duoc lay dem ly tam
(tbc d6 6000 vong/phut trong 15 phit), ndng d6 TC con lai dugc xac dinh bing phuong phap
trac quang ¢ budc séng 355 nm trén may UV - Vis (CE-2011).

2.2.4. Tetracycline

Tetracycline 12 mot loai khang sinh dién hinh, d dwoc duoc st dung rong réi trong nhiéu
g dung cho ngudi, thd y va nudi tréng thiy san, c6 thé gay ra méi de doa nghiém trong doi
véi hé sinh thai va stirc khoe con ngudi khi xdm nhap vao moéi truong nude. Tetracyline da
duogc phat hién ¢ cac ving nuéc khac nhau nhu nuéc mit, nuée ngam va tham chi ca nudc
udng [16]. Viéc loai bo khang sinh bao gdom ca tetracycline ra khoi méi trudong da tré thanh
mot van dé bt budc phai thuc hién. Tetracycline c6 cau tao hda hoc nhu sau:

HO,,, CH;

Hinh 1. Tetracycline

3. KET QUA VA THAO LUAN

3.1. Pac trung vat liéu

D¢ xac dinh cac hop phan trong vat ligu tong hop duoc, cac vat lidu g-CsNs va CUWO,
va g-CsN4/CuWO, dugc dac trung bang phuong phap nhicu Xa tia X, két qua dugc trinh bay
& Hinh 2.
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Hinh 2. Gian d6 nhiéu xa tia X ctua g-CsNa, CuWO; va g-CsN4/CuWO,
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Két qua tir gian do nhidu xa tia X cia cac vat lisu g-CsNs, CuUWO, va composite -
C3sN4/CuWO, & Hinh 2 cho thay, ddi véi vat ligu CUWO, ¢ cac dinh nhidu xa & khoang 26 bang
15,43% 19,04°% 24,10°% 25,91°; 28,75°% 31,60°; 32,12° 36,81°; 39,82° va 42,90° lan luot tng véi cac
mat (010), (100), (110), (011), (111), (002), (120), (102) dic trung cho su ton tai cia CUWO,
(theo the chuan JCPDS: 88-0269) [17, 18], con Vét ligu g-CsNaxuét hién dinh nhidu xa c6 cuong
d6 manh tai vi tri goc 20 bang 27,401° la do su sip Xep cua cac hé théng lién hop thom, tuong tmg
v6i mat tinh thé (002) dinh nhidu xa c6 cudng do thap hon vi tri goc 26 1a 13,012° la do sy sap xép
tuan hoan cac don vi tri-s-triazin, twong ng voi mét tinh thé (001) dic trung cho cAu tric g-CsNq
(theo thé chudn JCPDS: 87-1526) [4, 6]. Trong khi do, trén gian db XRD cua vat lidu g-CsNJ/CuWO,
xuat hién cac dinh nhiéu xa dic trung cho ca 2 hop phan g-CsN,va CuWO,. Tuy nhién, dinh nhiéu xa
caa g-CsNs tai vi tri goc 260 bang 13,012° khdng xuét hién trén gian d6 do c6 cuong do thip hon
nhiéu so vai dinh nhidu xa tai vi tri géc 260 bang 27,401°. Biéu ndy chang t6 vat liéu g-CsNa/CuWO,
da duoc tong hop thanh cong.

D¢ xéc dinh do hdp thu anh sang va nang luong viing cdm ciia cac vat ligu g-CaNa,
CuWO; va g-CsNa/CuWO;, cac vit ligu duoc dic trung bang phuong phap pho phan xa khuech
tan tir ngoai - kha kién, két qua duoc trinh bay & Hinh 3.
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Hinh 3. Ph6é UV-Vis-DRS cuia g-C3Ns, CuUWO; va g-CsNa/CUWO,

Két qua tir phd hap thu UV-Vis-DRS ¢ Hinh 3 cho thiy, ca vt liéu g-CsNs va CuWO,
déu c6 mot dai hap thu buc xa bat dau tir vang tar ngoai trai dai sang vang nhin thay, nhung
vt lieu CUWO, ¢6 kha ning hap thu birc xa trong vang tir 400-700 nm manh hon so véi vat
liéu g-CsNs. Bén canh d6, pho UV-Vis-DRS cua vat ligu g-CsNa/CuWO4 c6 bo hap thy anh
sang nhin thay manh hon nhiéu so vai vat liéu g-CsNa4 va gan tuong duong véi vat lisgu CUWO,
tinh khiét. Bé xac dinh nang lwong ving cim cua cac vat ligu, ching toi st (dung phuong trinh

Kubelka-Munk va v& d6 thi sy phu thugc ciia ham nay vao niang lwong photon hap thu, két qua dwoc
trinh bay & Hinh 4.
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Hinh 4. Sy phu thugc ham Kubelka-Munk theo ning lugng 4nh séng bi hip thu
cua cac vat liéu 9-C3N4, CuWO, va g-C3N4/CUWO4

91



Mai Huing Thanh Tung, Nguyén Thj Phurong Lé Chi, Nguyén Tri Quéc, Nguyén Thj Diéu Cém

Két qua & Hinh 4 cho thdy, gié tri ning lwong viing cam cua c&c vt lidu g-CsNa/CuWO,
(2,52 eV) tong hop duoc giam so Vi vat ligu g-CaNs (2,71 €V) va CuWOq (2,13 eV), phil hgp
Vi két qua nghién cttu gan day cua B. Neppolian va cong su [16]. Viéc thay doi gia tri ‘nang
luong viing cam, cho phép du doan vat liéu composite tong hop dwoc ¢ hoat tinh quang xdc tac
tét trong viing nh sang nhin thdy nho su xic tac hiap tro cua ca hai hop phan g-CsNava CuWOs,

~ Céc dic diém lién két trong g-CsNa, CUWO4 va vat ligu CsN/CuWO, dugc khio sét bang
pho hong ngoai, két qua duoc trinh bay ¢ Hinh 5.
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Hinh 5. Ph6 hdng ngoai cua vt liéu g-CsNs, CuUWO, va g-CaNa/CuWO,

Két qua ph6 hdng ngoai & Hinh 5 caa vt liéu g-CaNJ/CuWO, cho thiy, dbi véi phd hdng ngoai
caa CuWOs, cac dinh hip thu tai 738,74 va 806,25 cm™ tuong ting vai dao dong dic trung cua lign
két Cu-O, dinh hap thu tai 910,40 cm™ dic trung cho lién két W-O trong cau tric WO,> [19]. Déi
vé6i phé hdng ngoai cua g-CsNy4 cac dinh hap thu ¢ 813,96 cm™ twong &ng véi dao dong dic
trung cua lién két C—N vong thom cua don vi triazin, mot sb dinh c6 cuong dd manh trong
khoang 1462,04-1240,23 cm™ ciing duoc cho 1a cac dao dong héa tri caa lién két C—N ngoai
vong thom, dinh ¢ 1631,78 va 1571,99 cm™ 1a dao dong hoda tri cia lén két C=N. Céc dai hap
thu c6 dinh ¢ 3425,58 cm™ 1a dao dong cua cac amin thir cép (melem) va so cap (melamin) do
sy hinh thanh lién két hidro gitra cac phan tir cua chung [1]. Déi véi phd hong ngoai cuaa vat liéu
g-C3N4/CuWOy,, déu xuat hién day du céc lién két dic trung cho hai hop phan g-C3Ns va CUWO,.
Két qua nay 1a phu hop vai két qua phan tich gian dd XRD caa cac vat liéu.

~ Dé kiem tra hinh thai bé mat ngoai cua cdc mau vat ligu, ching toi tién hanh dac trung
bang phuong phap SEM, céc két qua duoc trinh bay ¢ Hinh 6.

Hinh 6. Anh SEM cua céc vat liéu g-CsN, (a); CuWOy, (b) va g-CsNa/CuWOs (c)

Tu anh SEM ctia mau vit liéu g-C3N4, CuWOsva vat liéu g-CsN4/CuWO, téng hop duoc
cho thay, vat liéu g-C3sN4 c6 dang cau truc 16p, vat liéu CUWO, 1a nhiing hat hinh khoi c6 kich
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thudc khoang 0,5-1 um. Déi véi vt liéu g-CsNa/CuWO, ¢6 sy phéan tan khong ddng déu cac
hat CUWOj, trén bé mit g-C3N, tao thanh vt lidu lai ghép dang Z, gitp giam qua trinh tai to
hop gitra electron (€) va 16 trong quang sinh (h*), tir d6 lam tang hiéu qua quang xuc tac ciia
vat liéu [16, 20].

3.2. Hoat tinh quang xuc tac caa vat liéu

Sau khi khudy hén hop vat liéu xic tac va dung dich TC trong béng téi 90 phat dé qua
trinh hap phu-giai hip phu dat trang thai can bang, qua trinh khao séat hoat tinh quang xuc tac
cua vat liéu g-CsN/CuWO, tong hop duoc tién hanh. Két qua do chuyén hoa TC sau 180 phut
duoc trinh bay ¢ Hinh 7.

0.8 1

cic,

0.6

CuWO4

044 g-CaNy

g-CaNy/WO3
0.2

T T v T T T T T T T T T
0 30 80 90 120 150 180
Thai gian (phut)

Hinh 7. Su phu thuc C/Co cua TC theo thoi gian cua cac vat liéu g-CsNg, CUWO4 va g-C3Na/CuW O,

Két qua ¢ Hinh 7 chi ra rang, hiéu suét phan hiiy TC trén vat liéu g-CsNa va CUWOs, lan
luot la 60,95% va 52,79%. Trong khi do, vat licu g-CsN+/CuWO; dat hiéu suat la 80,57%.
biéeu né}y la do su hinh thanh g-C3N4 trén CyWO4 da co tac dyng hiép tro lan nhau, tang kha
nang hap thu anh sang nhin thay va gidp khac phuc nhugce diém téi t6 hop nhanh cta g-CsNa
va CuWOs. Do do, vat licu lai ghép g-CsN4/CuWO, ¢ hi¢u qua xUc tac quang cao trong ving
anh sang nhin thay. That vay, khi duoc chiéu sang, cac vat liéu ban dan s& hap thu &nh séng
c6 budc song thich hop, hinh thanh cac cap electron va 16 trqng quang sinh. Cac electron va
16 trong quang sinh dugc hinh thanh, di chuyén den bé mat tiép xtic va tuong tac véi cac chat
bi hap phu trén bé mit vat liéu nhu oxi va nudc. Cac electron ¢ vung dan va cac 16 trong quang
sinh l1an luot khir O thanh O va oxi héa H,0 thanh HO". Bé khing dinh nhan dinh nay, nhiéu
tac gia da sir dung c&c chat dap tit (quencher) cac chat trung gian 1am cho ching khéng hoat
dong duoc.

Trong thuc nghiém, dé xac nhén cac chit trung gian c6 mat trong qua trinh xtc tac quang,
ching toi tién hanh khao sat trén mau vat liéu g—Cst;/ CuWOs. Qua trinh xuc tac quang phan huy
TC ,du()rc tién hanh & nhlfmg diéu kién gidng nhau Vé luong cl}ét xuc :[éc, nong d6 TC, cug‘mg do
chiéu sang, thoi gian chiéu sang nhung so sanh véi bon loai chat dap tat khac nhau. Cac chat dugc
chon gdm: 1,4-Benzoquinone (BQ) duoc sir dung dé by cac gbe anion O, tert-butyl ancohol
(TBA) dé by céc gdc hydroxyl (*OH), Dimethyl sulfoxit (DMSO) dé bdy cac ¢ va Disodium
ethylene diamine tetracetic acid (2Na-EDTA) d¢ bay h*. Cac chat dap tat nay dugc cho cling véi
40 mg mau g-C3N4/CuWOs,, 80 ml TC 10 mg/L ngay tai thoi diém ban dau xtc tac. Cac budc tiep
theo tién hanh tuong ty nhu qua trinh khao sat xuc tac quang.
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Hinh 8. B4 thi biéu dién sy thay dbi ndng do cuia TC theo thoi gian trén vat lisu g-CsNa/CuWO; (a)
va hiéu suat chuyén héa TC (b) trong 180 phut khi c6 mit cac chat dap tat goc ty do

Két qua thu dugce & Hinh 8 cho thiy, khi c6 mit cac chat dap tat BQ thi hiéu suit phén
huy TC trén vat liéu compositg: g-CgN’4/CuWO4 dat 42,03%, st ’dung TBA thi hiéu suat dat
13,48%. Trong khi do, cac chat dap tait EDTA, DMSO hiéu suat phan huy TC cua vat liéu
composite g-CsN#/CuWO, 1an luot 14 59,87% va 64,13%. Didu nay chimg t6 gbc HO* va O
trong qua trinh xuc tac quang phan hiy TC, chung dong mét vai trd quan trong trong qua trinh
xUc tac quang cua vat liu.

Khi vat liéu composite g-CsN4/CUWO, duge kich thich boi dnh sang nhin thiy, dién tur
s€ tach khoi 10 trong trén vung hoda tri cia g-C3Na4, chuyén tir ving héa tri dén ving dan va
tham gia phan tmg véi O; hoa tan trong nudce sinh ra O;_ la tac nhan chinh oxi hoa phan tir
hiru co thong qua cac qua trinh trung gian ngay tai vung dan cua g-C3Na, mot phan dién tir tir
ving dan cia g- -CaNg s& di chuyén xudng ving dan cia CuWO,. Trong khi d6, khi bi kich hoat
boi énh sang nhin thiy, dién tur tir ving hoa tri cua CUWO, bi tach ra, di chuyén dén ving dan2
mdt phén dién tur tir vang dan ciia CuUWO, ¢6 thé chuyén sang ving hoa tri cua g-CsNs han ché
sur tai t0 hop cd@p dién tir - 10 trong theo kiéu hé Z. Cac hvg"(CuWO,) ¢6 thé oxi hoa tryc tiép
H20 tao thanh HO® nh¢ sy phu hop vé thé & vung hda tri cuia CuWO4 (+2,69 V), 1a duong hon
thé oxi hoa cua cgp H.0/HO® (+2,38 V), tac nhan HO" s& oxi hoa cac c~h£it hitu co 6 nhiém
(Hinh 9). Tt két qua thuc nghiém, qua trinh quang xuc tac c6 thé biéu dien nhu sau:

g-C,N,+hv—e;(9-C;N,)+hz(g-C;N,) 1)
CuwoO, +hv — e_; (CuWO,) + h;; (Cuwo,) 2)
ez (0-C;N,)+0, > O (3)
hjz (CuwO,)+H,0 - "*OH+H" (4)
O; +H" > HO; (5)
e +HO; +H" - H,0, (6)
e +H,0,+H" —» "OH+ "OH (7)
TC +(h;z(g —-C;N,), "OH) - CO,+H,0 8)

94



Téng hop vét liéu g-CsNo/CuWO, cé hoat tinh quang xuc tc cao trong viing 4nh sang nhin thy

+042eV D
. Chithiruco

-0H

42,69V
H:0

CuWoO,

Hinh 9. Co ché x(c tAc quang cua vat liéu composite g-C3N#/CuWO,

4. KET LUAN

ba tong hop thanh cong vat liéu lai ghép g-C3N./CuWO, bing phuong phap nhiét pha
ran c6 hd tro siéu am. Vat liéu composﬂe g-CsN4/CuWOy, thu dugc c6 bo hap thu anh sang
nhin thdy manh hon trong viing budc séng khoang 500 dén 700 nm so véi cac hop phan riéng
I& g-C3N4 va CuWO,, dan dén gia ting hoat tinh quang xdc tac cua vat liéu lai ghép trong viing
4nh sang nhin thiy. Két qua khao sat sy phan huy TC cho thiy, vat liéu lai ghép c6 hoat tinh
xuc tac quang manh hon so véi vat liéu g-CsNa va CuWO, trong viing anh sang nhin thay. Déi

véi phan tng phan hiy TC trén vat liéu g-CsN4/CuWO, ciing chi ra ring gbc HO® va O3
dong mot vai tro quan trong trong qud trinh xdc tac quang phan huy TC.

Loi cam on: Nghlen ctru ndy duoc tai trg boi Bo Khoa hoc va Cong ngh¢ trong dé tai Khoa
hoc va Cong nghé cip Quéc gia mad s6 PTDLCN.33/21.

TAI LIEU THAM KHAO

1. MaY., Lei W, Cui Q., Zou G. - Preparation and characterization of graphitic carbon
nitride through pyrolysis of melamine. Applied Physics A 94 (2) (2009) 387-392.

2. JiugingWen, JunXie, XiaoboChen, XinLi - A review on g-CsNa-based photocatalysts.
Applied Surface Science 391 (2017) 72-123.

3. Solehudin M., Sirimahachai U., Ali G. A. M., Chong K. F., Wongnawa S. - One-pot
synthesis of isotype heterojunction g-CsN4s-MU photocatalyst for effective tetracycline
hydrochloride antibiotic and reactive orange 16 dye removal. Advanced Powder
Technology 31 (2020) 1891-1902.

4. Jiang L., Yuan X., Zeng G., Chen X., Wu Z., LiangJ., Zhang J., Wang H., and Wang
H. - Phosphorus- and Sulfur-Codoped g-CsNa: Facile Preparation, Mechanism Insight, and
Application as Efficient Photocatalyst for Tetracycline and Methyl Orange Degradation
under Visible Light Irradiation. ACS Sustainable Chem. Eng. 5 (2017) 5831-5841.

5. Wang K., Li Q., Liu B., Cheng B., Ho W., Wingkei, Yu J. - Sulfur-doped g-CsN4 with
enhanced photocatalytic CO-reduction performance. Appl. Catal. B 176 (2015) 44-52.

6. Wang W., FangJ., Chen H. - Nano-confined g-CsN, in mesoporous SiO, with improved

guantum size effect and tunable structure for photocatalytic tetracycline antibiotic
degradation. Journal of Alloys and Compounds 819 (2020) 153064.

7. Nguyen Le Minh Tri, Nguyen Thi Dieu Cam, Hai Dinh Pham, Doan Van Thuan, Thanh-
Dong Pham, Van Tang Nguyen, Nguyen Tien Trung, Mai Hung Thanh Tung, Tran Thi

95


https://www.sciencedirect.com/science/article/abs/pii/S016943321631457X#!
https://www.sciencedirect.com/science/article/abs/pii/S016943321631457X#!
https://www.sciencedirect.com/science/article/abs/pii/S016943321631457X#!
https://www.sciencedirect.com/author/55951836300/xin-li
https://www.sciencedirect.com/journal/applied-surface-science
https://www.sciencedirect.com/journal/applied-surface-science/vol/391/part/PB
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Longbo++Jiang
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Xingzhong++Yuan
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Guangming++Zeng
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Xiaohong++Chen
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Zhibin++Wu
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Jie++Liang
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Jin++Zhang
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Hui++Wang
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Hou++Wang
https://www.sciencedirect.com/science/article/abs/pii/S0925838819343105#!
https://www.sciencedirect.com/science/article/abs/pii/S0925838819343105#!
https://www.sciencedirect.com/science/article/abs/pii/S0925838819343105#!
https://www.sciencedirect.com/science/journal/09258388
https://www.sciencedirect.com/science/journal/09258388/819/supp/C
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;

Mai Hing Thanh Tung, Nguyén Thj Phurong Lé Chi, Nguyén Tri Quéc, Nguyén Thj Diéu Cém

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Thu Phuong, Thi Thu Phuong Nguyen, Cao Van Hoang & Van Duong Dao -
Development of g-CsN4/BiVO4 binary component heterojunction as an advanced visible
light-responded photocatalyst for polluted antibiotics degradation, Topics in Catalysis 63
(2020) 1206-1214.

El-Sheshtawy H. S., EI-Hosainy H. M., Shoueir K. R., EI-Mehasseb I. M., ElI-Kemary M.
- Facile immobilization of Ag nanoparticles on g-CsN4/V.0s surface for enhancement of
post-illumination, catalytic, and photocatalytic activity removal of organic and inorganic
pollutants. Appl Surf Sci 467-468 (2019) 268-276.

Tran H. H., Nguyen P. H., Cao V. H., Nguyen L. T., Tran V. M., Le M. L. P., Kim S. J.,
Vo V. - SnO; nanosheets/graphite oxide/g-CsNs composite as enhanced performance
anode material for lithium ion batteries. Chemical Physics Letters 715 (2019) 284-292.

Antoniadou M., Arfanis M. K., Ibrahim I. and Falaras P. - Bifunctional g-CsN4/WOs thin
films for photocatalytic water purification. Water 11 (12) (2019) 2439.

Kavitha B., Karthiga R. - Synthesis and characterization of CuWOQ, as nano-adsorbent for
removal of Nile blue and its antimicrobial studies. J. Mater. Environ. Sci. 11 (1) (2020)
57-68.

Zhang C., Zhang H., Zhang K., Li X., Leng Q. and Hu C. - Photocatalytic Activity of
ZnWO,: Band Structure, Morphology and Surface Modification. ACS Appl. Mater.
Interfaces 16 (6) (2014) 14423-14432.

Rajagop S., Bekenev V. L., Nataraj D., Mangalaraj D., and Khyzhun O. Y. - Electronic
structure of FeWO, and CoWOQ, tungstates: First-principles FP-LAPW calculations and
X-ray spectroscopy studies. Journal of Alloys and Compounds 496 (1-2) (2010) 61-68.

Askaria N., Beheshtia M., Mowlab D., Farhadiana M. - Synthesis of CuWO./Bi.S; Z-
scheme heterojunction with enhanced cephalexin photodegradation. Journal of
Photochemistry & Photobiology A: Chemistry 394 (2020) 112463.

Nguyen Le Minh Tri, Do Quang Trung, Doan Van Thuan, Nguyen Thi Dieu Cam, Talal
Al Tahtamouni, Thanh-Dong Pham, Dao Sy Duc, Mai Hung Thanh Tung, Hoang Van Ha,
Ngo Hong Anh Thu, Hoang Thu Trang - The advanced photocatalytic performance of V
doped CuWO, for water splitting to produce hydrogen. International Journal of Hydrogen
Energy 45 (2020) 18186-18194.

Vinesh V., Preeyanghaa M., NaveenKumar T.R., MuthupandianAshokkumar, Bianchi
C.L., Neppoliana B. - Revealing the stability of CuWOa./g-C3N4 nanocomposite for
photocatalytic tetracycline degradation from the aqueous environment and DFT analysis.
Environmental Research 207 (2022) 112112.

Aaron D. Proctor, Shobhana Panuganti and Bart M. Bartlett - CuWO;, as a photocatalyst
for room temperature aerobic benzylamine oxidation. Chem. Commun. 54 (2018) 1101-1104.

Kannan S., Mohanraj K., Sivakumar G. - Preparation of Bifunctional CuWO,-Based
Heterostructure Nanocomposites for Noble-Metal-Free Photocatalysts. Chemistryselect 2
(16) (2017) 4484-4498.

Pourmortazavi S. M., Rahimi-Nasrabadi M., Khalilian-Shalamzari M., Ghaeni H. R., and
Hajimirsadeghi - Facile Chemical Synthesis and Characterization of Copper Tungstate
Nanoparticles. Journal of Inorganic and Organometallic Polymers and Materials 24 (2)
(2013) 333-339.

Zhou S., Wang Y., Zhao G., Li C, Liu L., and Jiao F. - Enhanced visible light
photocatalytic degradation of rhodamine B by Z-scheme CuWO./g-CsN4 heterojunction.
J. Mater Sci: Mater Electron 32 (2021) 2731-2743.

96


javascript:;
javascript:;
javascript:;
javascript:;
https://link.springer.com/journal/11244
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Cuiling++Zhang
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Hulin++Zhang
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Kaiyou++Zhang
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Xiaoyan++Li
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Qiang++Leng
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Chenguo++Hu
https://www.sciencedirect.com/science/article/abs/pii/S0013935121014134?via=ihub#!
https://www.sciencedirect.com/science/article/abs/pii/S0013935121014134?via=ihub#!
https://www.sciencedirect.com/science/article/abs/pii/S0013935121014134?via=ihub#!
https://www.sciencedirect.com/science/article/abs/pii/S0013935121014134?via=ihub#!
https://www.sciencedirect.com/science/article/abs/pii/S0013935121014134?via=ihub#!
https://www.sciencedirect.com/science/article/abs/pii/S0013935121014134?via=ihub#!
https://www.sciencedirect.com/science/article/abs/pii/S0013935121014134?via=ihub#!
https://pubs.rsc.org/en/results?searchtext=Author%3AAaron%20D.%20Proctor
https://pubs.rsc.org/en/results?searchtext=Author%3AShobhana%20Panuganti
https://pubs.rsc.org/en/results?searchtext=Author%3ABart%20M.%20Bartlett
https://chemistry-europe.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Kannan%2C+Selvaraj
https://chemistry-europe.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Mohanraj%2C+Kannusamy
https://chemistry-europe.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Sivakumar%2C+Ganesan
https://chemistry-europe.onlinelibrary.wiley.com/toc/23656549/2017/2/16
https://chemistry-europe.onlinelibrary.wiley.com/toc/23656549/2017/2/16

Téng hop vét liéu g-CsNo/CuWO, cé hoat tinh quang xuc tc cao trong viing 4nh sang nhin thy

ABSTRACT

SYNTHESIS OF g-C3N4+/CuWO4 COMPOSITE WITH HIGH PHOTOCATALYTIC
ACTIVITY UNDER VISIBLE LIGHT

Mai Hung Thanh Tung®* Nguyen Thi Phuong Le Chi?,

Nguyen Tri Quoc®, Nguyen Thi Dieu Cam*

'Ho Chi Minh City University of Food Industry

2Ho Chi Minh City University of Natural Resources and Environment
$Mientrung Industry and Trade College

“Quy Nhon University

“Email: tungmht@hufi.edu.vn

Two-component graphitic carbon nitride and copper tungstate (g-CsN4/CuWO.)
composite photocatalyst was successfully synthesized by a sonication-assisted calcination
method at various temperatures of 530 °C. The as-prepared samples were characterized by X-ray
diffraction (XRD), infrared spectroscopy (IR), Ultraviolet-visible diffuse reflectance spectroscopy
(UV-Vis-DRS), and Scanning electron microscope (SEM). The absorption of g-CsN#/CuWO, is
enhanced distinctly in the visible light region compared to that of pure g-CsN4 and CuWO..
The tetracycline (TC) degradation evaluated the photocatalytic performance of material.
Results show that, the photocatalytic degradation efficiency of TC by g-CsN4+/CuWO, under
visible light irradiation reaches 80.57% after 3 hours. The enhanced photocatalytic activity of
g-C3sN4/CuWO, composite was predominantly attributed to the synergistic effect, which
increased visible-light absorption and facilitated the efficient separation of photoinduced
electrons and holes (Z-scheme).

Keywords: g-CsN4/CuWO4, composite, photocatalytic activity, tetracycline, visible light.
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