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Abstract: In the present paper, the CoMo00O./g-CsN4/rGO photocatalytic composite material was
synthesized using the combined calcination and hydrothermal method. The composite material was
characterized using X-ray diffraction, Scanning electron microscopy, Energy-dispersive X-ray
spectroscopy, and UV—-Vis diffuse reflectance spectroscopy. The results showed that the
CoMo0./g-C3N4 composite material had an absorption spectrum shifted to the visible light region
compared to each component CoMoO. and g-CsNa. The catalytic activity of the material was
studied through the treatment efficiency of Levofloxacin antibiotic under visible light conditions.
The degradation efficiency of Levofloxacin reached 78.58% after 120 minutes of illumination
under pH=7, Levofloxacin concentration of 10 ppm and using 0,05 g of material.
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Tong hop, dic trung va hoat tinh quang xtc tac cia vat ligu
CoMo004/g-C3N4/rGO dudi tac dung cua anh sang nhin thay
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Tém tit: Trong bai bao nay, vat liéu t6 hop quang xuc tac CoM00O4/g-CsN4/rGO dugce tong hop
bang phuong phép nung két hop vai thuy nhiét. Vat liéu tong hop duoc dic trung bang cc phuong
phap nhiéu xa tia X, hién vi dién tir quét, phd tan xa ning lugng tia X, phd hip thu phan tu UV- Vis
DRS. Két qua nghién ctru cho thiy vat lidu composite CoM0O4/g-CsN4 c6 phd hip thu chuyén
dich sang viing 4anh sang kha kién so véi tirng hop phin CoMoO, va g-C3N,. Hoat tinh xuc tac cia
vat liéu dugc khao sat thong qua hiéu qua xir Iy khang sinh Levofloxacin trong diéu kién anh sang
kha kién. Hiéu suit phan huy Levofloxacin dat 78,58% sau 120 phut chiéu sang bang dén compact
trong diéu kién pH=7, ndng d6 Levofloxacin 10 ppm va sir dung lugng vat lidu 12 0,05 g.

Tir khéa: CoM00O4/g-C3Na, vat liéu t6 hop, quang xUc tac, Levofloxacin.

1. Mé diu

Hién nay, cung voi su phat trién cta nganh
cong nghiép 1a sy phat thai cic chét thai nguy
hai: cac chét hiru co, cac kim loai,... vao mdi
truong, dic biét 1a moi trudng nude. Day 1a mbi
de doa nghiém trong, dat ra nhiéu van dé, thach
thirc ddi voi moi truong va strc khoe con ngudi.
Boi vdy, nghién ciru loai bé cac hop chat hitu
co doc hai khoi nguén nudc bi 6 nhiém dé bao
vé stic khoe cong dong 1a mot van dé quan
trong va cép bach, thu hat sy cht y cta nhiéu
nha khoa hoc. Trong nhimg nim gan day, viéc
sit dung xuc tac quang ban din dé tng dung
trong xir 1y cac hop chét hitu co néi chung va
cac thudc khang sinh néi riéng di thu duoc
nhiing thanh tyu dang ké. Mot trong sd nhiing
chat ban dan da thu hat nhiéu sy chii y hién nay
Ia graphitic carbon nitride (g-C3sNs) - mdt dang
chat ban dan polyme hitu co khéng kim loai, co
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cAu tric 10p nhu graphene , dugc ing dung 1am
XUc tac quang tach nudc tinh khiét va phan hay
chat hitu co gdy 6 nhim ngay trong ving anh
sang nhin thay [1]. Vat liéu g-CsN4 c6 nhiéu uu
diém nhu: c6 ning luong ving cdm hep
(khoang 2,7 eV) c6 thé thiic day cac phan ting
oxy hoa quang ngay ca duéi anh sang kha kién,
dién tich b& mat 16n, hinh thai doc dao [2]. Tuy
nhién, g-CsNa tinh khiét co mot s6 nhuoc diém
nhu thé oxy hoa khir thap va tdc do tai t6 hop
giita 15 tréng va cac dién tir quang sinh kha
nhanh, dan dén han ché dang ké hi¢u qua quang
xUc tac. Pé khic phuc nhuoc diém nay, nhiéu
phuong phap bién tinh g-CsN4 da duoc 4p dung
nham ting hoat tinh xuc tac quang cua g- -CsNs
nhu: thay d6i kich thudc va cdu tric vat ligu,
pha tap kim loai va phi kim loai lai ghép g-C3N4
vo1 mot ) vat liéu ban dan khac nhu: SnO,
[3],... K& qua nghién ctru cho thy, hoat tinh
quang xic tac cua vat lidu t& hop vuot tréi hon
nhiéu so v&i g-CsNg va oxit riéng 1é.

Trong vai nim qua, mot sd nghién ctru da
chi ra ring CoMoO, — kim loai chuyén tiép co



D. T. Huyen, N. M. Viet. / VNU Journal of Science: Natural Sciences and Technology, Vol...

nang lugng ving cAm hep (2,1-2,8 eV), d6 dan
dién tdt, 1a mot chat quang xuc tac tiém nang
trong viéc loai bo cac hop chat hitu co [4]. Tuy
nhién, tng dung cia CoMoO4 cho qua trinh loai
b6 hop chit hiru co bi han ché do sy tai két hop
nhanh cua céc electron va 18 trong quang sinh
va thé nang ving din thap (chi khoang 0,1 eV).
Do @6, su két hop cia CoMoO, va g-C3N, (c6
thé ning ving dan kha cao, khoang -1,2 eV) s&
tao diéu kién thudn loi cho qua trinh chuyén doi
electron trong chét xuc tac quang lién két dé
kéo dai qua trinh tach electron-15, do d6 lam
tang hoat dong quang xuc tac cua vat liéu [5].
Tuy nhién, g-C3Nj c6 dién tich bé mat nho va co
d6 dan dién thap gy han ché trong viéc sir dung
vat liéu composite [6]. Béi vy, rGO véi cau
tric 16p tuong tu nhu g-CsNa, duoc tao thanh tur
tam cacbon hai chiéu (cacbon lai héa sp?) nhung
c6 dién tich bé mit 16n hon nhiéu va dac biét 1a
kha ning dan dién t6t s& tao diéu kién thuan loi
cho viéc truyén din electron khi duoc ghép ndi
v6i g-CaNg [7]. Vit liéu to hop glua g- -C3N4 Va
rGO duoc hlnh thanh théng qua cu ndi N, cau
nbi O hodc xép chdéng Van der Waals n-m [8].
Do d6, viéc két hop giita g-CsN4 va rGO sé ting
cuong hoat dong quang xuc tac [8].

Trong nghién ciru nay, vt liéu t6 hop gom
g-CsNs, CoM0O; va rGO dugce téng hop bing
phuong phap nung két hop v6i thuy nhiét da
duoc nghién ctru va hoat tinh quang xuc tac cia
vat liéu téng hop dugc danh gia qua sy phan
huy Levofloxacin - mot loai khang sinh dién
hinh, thugc nhom khang sinh quinolon thé hé 3
dd duoc Gmg dung nhiéu trong diéu tri cic bénh
ly nhiém khuan trong méi truong nudc va co
cong thire ciu tao nhu sau:
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Hinh 1. Cong thirc héa hoc ciia khang sinh
Levofloxacin.
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2. Thyc nghiém
2.1. Héa chdt
Levofloxacin 98%, Co(NOs3),.6H,0,

Na:Mo004.2H,0  99%, (NH2).CO  99%,
Graphite 99%, NaNOs; 99%, KMnO. 99%,
H,SO; 98%, H,O, 30%, HCI 36%, C,HsOH
99%, NaOH 99%, KCI 99%. Cac hod chét déu
12 hoa chét tinh khlet dugc st dung trong phong
thi nghiém, ¢6 xuat xir Trung Qudc.

2.2. Phuong phadp nghién cuu

2.2.1. Tong hop vat liéu

2.2.1.1. Tong hop vat liéu g-CsNg tir Ure

Cho 5 gam bot Ure vao chén st, boc ky
bang glay bac (nham ngin can sy thing hoa ctia
tién chat ciing nhu lam tang cuong sy ngung tu
tao thanh g-Cs3Nj), dat coc st vao 10 nung.
Nung néng & cac nhiét do 550 °C trong cac
khoang thoi gian 3 gid. Sau d6 duoc lam ngudi
tuy nhién dén nhiét d6 phong. San pham thu
duoc 1a chat bot c6 mau vang (g-CsNa).

2.2.1.2. Téng hop vat liéu CoMoOy4

Dung dich Na;M0oO, 1M va Co(NOs), 1M
thu duoc biang cach hoa tan Na;MoO, va
Co(NO3); bang nudc cit va rung siéu 4m trong
30 phut. Sau d6, dung dich Co(NOs); dugc
thém tir tir vao dung dich Na,MoO, véi diéu
kién c6 khudy trong thoi gian 1 gio. Hon hop
sau d6 dwoc chuyén vao binh Teflon va thay
nhiét & diéu kién 180 °C trong 6 gio. Chat két
tua thu dugc sau qua trinh thiuy nhiét dem ly
tam, raa nhiéu lan béng nudc cat, ethanol va
séy kho ¢ 60 °C trong 24 gio, thu dugc vat li¢u
CoMoO..

2.2.1.3. Toéng hop vat liéu graphene oxide
dang khtr

Graphene oxide (GO) duogc tong hop theo
phuong phap Hummer. Lam lanh H,SO, rdi
thém graphite va NaNOs. Sau d6 thém tur tur
KMnO, trong vong 2 gio. Tiép theo thém
143 mL nudc cat 2 1an va thém H,0,, dé ling
qua dém rdi rira bang HCI 5%, ly tdm ldy chat
ran cho dén khi dung dich c6 do pH tir 5-6.
Phan tan hdn hop roi sdy trong vong 12 gid.

Graphene oxide dang khtr (rGO) duoc tong
hop bang cach phan tan mot lugng GO trong
nudc, gia nhiét r6i thém mot lugng axit
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ascorbic gip 10 1an GO tinh theo khéi luong.
H¢ phan tan GO va axit ascorbic dugc khqu
tron lién tuc trong trong 1h ¢ nhiét d6 50 °C dé
khir GO. Tach rGO bang ly tam, rura nhiéu lan
de tach loai hét axit va mudi trong san pham,
r0i sdy kho & nhiét do 80 °C trong 12 gio.

2.2.1.4. Tong hop vat lidu xuc tic quang

Téng hop vt liéu CoM00O4/g-C3N4

Pau tién, x(g) g-CsNs da dugc thém vao
nude cat Va khudy tir trong 30 phut. Tiép theo,
ldy 2 ml mdi dung dich Na;MoO, va Co(NOs),
IM dugc pha trude d6, thém vao hon hop trén
va tiép tuc khudy déu trong 60 phut. X(g)
g-CsN4 duoc diéu chinh sao cho phu horp voi
thanh phan khéi luong CoMoO, trong hon hop
CoM004/g-CsNy4 1a 25%. Hon hop cubi cing
dugc dua vao binh Teflon va thuy nhiét ¢
180°C trong 6 gid. San pham sau d6 duoc ly
tam dé loai bo chét ran phia trén, chit rin con
lai & phia dudi duoc rira sach bﬁng nudc va
ethanol nhiéu 1an.

Téng hop vt liu CoM004/g-CsNa/rGO

Mot luong bot CoMo04/g-CsN, tong hop
duge phan tan trong 50 mL nudc bang cach xir
ly siéu am trong 30 phut. Luong rGO da dugc
thém vao hdn hop huyén phu dé thu duoc vat
lidu co ty 1¢ tir 4,5% - 6,5% rGO, dugc siéu am
trong 30 phut nira. Sau khi xtr 1y siéu 4m, huyén
phu duoc khudy trong 1 gid ¢ nhiét d6 phong.
Sau d6, hon hop nay duoc thiy nhiét & 180 °C
trong 6 gio. San pham thu dugc dugc thu thap,
rira va sdy kho ¢ 60 °C dé thu duoc tiép xuc di
thé CoMo0O4/g-CsN4/rGO.

2.2.2. bac trung cua vat liéu

Hinh thai bé mat vat lieu duogc quan sat
bang k§ thuat kinh hién vi dién tir quét SEM
(TM4000Plus, Hitachi, Nhat Ban). Ciu triic
tinh thé ciia cac thanh phan trong mau duoc
phan tich bing may do nhidu xa tia X
(Miniflex600, Rigaku, Nhat Ban). Kha nang
hap thu anh sang cua xuc tac dwoc dic trung
bang phuwong phap do hép phu tir ngoai
kha kién (UV-Vis DRS, UH4150, Hitachi,
Nhat Ban). Nang lugng ving cidm cia vat liéu
dugc xac dinh bang may do quang phd hip phu
phan tir UV-Vis UH5300 (Hitachi, Nhat Ban).
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2.2.3. banh gia hoat tinh quang xuc tac

Str dung 0,05 g vat liéu da téng hop duogc
cho vao 100 ml dung dich khang sinh
Levofloxacin néng d6 10 ppm. Dau tién, dung
dich trén duoc khudy trong diéu kién khong co
anh sang 30 phat. Tiép theo, khudy lién tuc
trong diéu kién c6 anh sang bang dén compact
(bong dén Rang Dong- 32W) va dugc ngdm
trong nuéc dé bn dinh nhiét do do nhiét tir boéng
den téa ra. Sau khoang thoi gian t xdc dinh
dung xilanh hut loc dung dich bing dau loc
0,45 pm. Pem cac mau loc duoc di do quang dé
x4c dinh ndng d6 dung dich con lai bang may
UV- Vis (UH5300, Hitachi, Nhat Ban).

Hiéu suét xtr Iy khang sinh duogc tinh theo
cong thirc sau:

H = %" x 100%

Trong do H 1a hiéu suat (%)
Co: la nong d6 khang sinh ban dau (ppm).
Ce 1a néng do khang sinh tai thoi diém

t (ppm).

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

3.1.1. Gian d6 nhiéu xa tia X

Pé xac dinh cac hop phan trong vat liéu
téng hop dugc, cac vat liéu g CoMo0QO4, g-C3Na,
rGO, CoMo04/g-CsN4/rGO dugc dac trung
bang phuong phap nhiu xa tia X (XRD), két
qua dugc trinh bay ¢ Hinh 2.

CoMoD,rGOIg-CyNy

.\_/v\\% G0

Intensity |a.u)
~-
L 4

| CoMoOy

GC3Ng
!

2 theta (deg)

Hinh 2. Gian d6 XRD cua céc vat liéu
CoMo004, g-C3N4, rGO, CoM004/g-CsN4/rGO.
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Két qua tir gian dd nhidu xa tia X cua cac
vat liéu CoMoOs, g-C3N4, rGO, CoMoO4/g-
C3sN4/rGO & Hinh 2 cho thdy: d6i v6i vat lidu
g-CsN4 ¢ su xuét hién cua hai dinh nhiéu xa ¢
cac goc 27,44° va 12,84°, tuong tmg voi hai
mit phang (002) va (001) ciia g-CsNa. Hai mat
phang nay cho thdy céu tric vong thom lién
hop xép chdng 1én nhau, twong tw nhu ciu trac
graphit tri-s-triazine ctia g-CsNa [9]. V& vat lidu
CoMo0s, cac dinh nhiéu xa tia X duoc quan sat
tai cac goc 20 la: 14,12°; 23,24°; 26,48°;
28,36°; 31,98°;, 33,6°; 36,62°, 38,7°; 40,1°%
41,42° va 43,44° tuong tmg voi cic mit phing
(001), (021), (002), (-311), (-131), (-222),
(400), (040), (003), (-241) va (113), phan anh
ciu trac tinh thé don ta cia CoMoO4 [10]. Két
qua nay cho thdy CoMoOs chi yéu ton tai &
dang B-CoMoO, , nhung van c6 sy xuat hién
ctia peak nhidu ctia 0-CoMoOs. Su chuyén doi
gita cac dang ndy duogc gidi thich boi hién
tugng chuyén pha duéi tac dong cua ap suét va
nhiét do khac nhau. Mau CoMoO, ché tao ban
dau mau tim, mau dic trung cua P-CoMoOs,
nhung qua trinh nghién mau tao diéu kién ap
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sudt cao & nhiét do thép khién mot phén
B-CoM0O, chuyén thanh a-CoMoO, mau luc
nhat. Do d6, vat lieu ché tao chu yéu la
B-CoMoO, [11]. Gian dd nhidu xa cia miu
rGO cho thdy mét dinh nhidu xa rong & goc
24.4° img v6i mit phing (002) caa rGO [12].

Dbi vai vat lidu CoMoO4/g-CsNa/rGO cho
théy su xult hién cac dinh dic trung cliia mat
phang (002) va (001) cta g-C3Na. Tuy nhién,
cic dinh nhidu xa ctia CoMoOs, rGO khéng
thiy o do ham lugng duge st dung trong vat
liéu tong hop nho. Mit khéc, dinh 16n nhat cua
CoMoOQ, & gan vi tri cia mdt phang (002) cia
g-CsNg (¢ 20 = 26.48°), din dén hién tuong xen
phii 1am cho cac dinh ciia CoMoO4 khong xuat
hién ro rang trén gian dd XRD cua vat liéu. Két
qua ciing cho thay khong co dinh la nao xuit
hién, nhu vay, viéc bd sung thém CoMoOs,
rGO khong nhing khong tao ra sy thay doi
trong cu tric tinh thé ciia g-CsNs ma con cho
thiy vat liéu to hop khong c6 chat nao khac
ngoai g-CsN4 va CoMoQ,, rGO.

3.1.2. Hinh anh kinh hién vi dién tir quét
SEM va gian d6 tan xa tia X

Hinh 3. Hinh anh kinh hién vi dién tir quét ciia cac miu vét liéu
(@) g-C3N4, (b) CoM00Os, (c) CoM004/g-C3N4/rGO.

Hinh thai bé mat vat liéu duge dic trung
bang k¥ thuat kinh hién vi dién tir quét SEM.
Hinh anh SEM cta miu g-CsNs thé hién cau
tric xop khong dong déu, cac tim nano c6 do
cong nhét dinh, xép chéng 1én nhau, tao ra cac
16 rdng co6 duong kinh c& vai chuc nanomet,

thuan tién cho qué trinh tiép xuc gitta chat xuc
tac quang va cac phan tur hitu co trong qua trinh
quang xuc tic. Hinh anh SEM ciia maiu
CoMoOQ, cho thiy miu nay chira cac hat hinh
khéi ¢o kich thude 50-150 nm. C6 thé thiy
trong Hinh 3c vat liéu t6 hop CoMoOu/g-
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C3Nu/rGO ¢6 su xuét hién cia CoMoOs ¢6 mit
trén bé mat cla g-C3Ny, hinh dang cac hat khong
dbi, cho thiy viéc tong hop CoMoO, trén bé mit
cia g-CsN; khong lam thay doi chu truc cua

g-CaN4 hay CoMoO,, két luan nay phu hop véi két
qua da néu trén trong phan nhidu xa tia X. Ngoai
ra, ¢6 thé thiy kich thudc hat vat liéu kha dong déu,
thuan loi cho di chuyén cua electron 1én bé mit.

Cr

.wmuuumu..‘..hl..‘.“n... I PRI

|

| | | |

Hinh 4. Phé tan xa nang lugng tia X cta vt liéu 5.5% CoMo004/g-C3N4/rGO.

Pho tan xa ning luong tia X trén Hinh 4 cho
thdy sy xuét hién cua cac nguyén tb co trong vat
lidu. C6 thé thiy rd sy co mit clia cic nguyén to
c6 trong vat liéu véi cac peak dac trung trong
pho tan xa nang lugng tia X. Cac pic tai vi tri 2,
2,3,2,8¢eV; 0,8, 6,9, 7,6V va0,4eV cho dic
trung cho cic nguyén t& Mo, Co, O, ngodi ra
cac pic ¢ vi tri 0,2 eV va 0,3 eV déc trung cho
nguyén t6 C va N. Nhu vay, két qua do6 tan xa
tia X cho thy su ton tai cua Co, Mo va O trong
vat lidu tong hop.

3.1.3. Phé hép thy phéan tir UV-vis DRS

Dé danh gia kha nang hap thu anh sang ciia
cac vat liéu CoMoOs, g-C3N4, CoM00O4/g-C3N4,
CoMo004/g-CsN4/rGO, cac vat liéu dugc dac
trung bang phuong phap UV-vis DRS.

Két qua cho thay, g-CsN4 thé hién su hap
thu dang ké trong ving 4nh sang kha kién, d&
théy 2-CsN4 thé hién mot canh hr?ip thu & budc
song 400 nm cho thay kha ning hip thy anh
sang kha kién t6t. Bi voi vat lisu CoMoO./g-
C3Na/rGO, véi su tham gia cia CoMoOa, rGO
kha ning hip thu anh sang trong khoang budc
song tir 460 dén 800 nm duoc ting 1én dang ké

so voi cac vat liéu g-CsNa. Gia tri nang luong

ving cam ciia cac vat liéu g-CsNa, CoMoO,,

CoMo004/g-CsN4a/rGO duoc xac dinh theo ham

Kubelka—Munk, str dung phuong trinh sau [13]:
ahv = A(hv — Eg)"™?

Trong d6 a, A, hv va Eq lan luot 14 hé sb
hép thu quang, hing s, ning lugng photon va
ning lugng ving cim. Gia tri ciia n dugc xic
dinh dua vao loai chuyén tiép.

= CalMoQ 5L M #GO

—VC.H‘

o Co Mo,

Cuwidmg d§ (a.u)

T T T T

' T
20 300 400 500 600 700 800

Bude song (nm)
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—aCN,
CoMoO, iyt

Cuwémg do (wu)
= _‘\}

/
135ev 280V |

T T

o
10 15 20 25 30 as 40
Nang lugng (¢V)

Hinh 5. Phd UV-vis ctia cac méu vat liéu g-CsNa,
CoMo004, CoM00.4/g-CsN4, CoM004/g-CsN4/Rgo.

Bang 1. Gi4 tri nang lugng ving cim cia cic vat
liéu g-C3N4, CoM00O4/g-C3N4, CoM00O4/g-C3N4/rGO

e
g-CaN, 2,53
CoMo0O4 1,71
CoMo004/g-C3N4/rGO 1,35

Két qua ¢ Hinh 5 cho thdy, gia tri ning
luong ving cAm cua cac vét lidu CoMoO4/g-
C3sN4/rGO (1,35 eV) tong hop giam so véi vat
liéu g-C3Ns (2,53 eV) va CoMoOs (1,71 eV).
Viéc thay doi gi4 tri ning lugng ving cam, cho
phép du doan vit lidu composite tong hop duoc
¢6 hoat tinh quang xuc tac tét trong ving &nh
sang nhin thdy nho sy xtc tic ctia ca hai hop
phan g-C3Nsva CoMoO.,.

3.2. Hogt tinh quang xuic tdac cua vdt liéu

Hoat tinh quang xiic tic cua cic vét tong
hop dugc danh gia thong qua phan tng phan
huy Levofloxacin dudi tac dung cua anh sang
nhin thay. D6 chuyén héa Levofloxacin sau 120
phiit ctia cac mau vat lidu v6i cac ty 1& phdi tron
cta rGO véi CoMoOs, g-CsNa: 4,5%, 5,5%, 6,5
da dugc khao sat va so sanh kha ndng quang
xuc tac, két qua dugc thé hién trong Hinh 6.

1
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90 120

Thérl gian (phut)

Hinh 6. Anh hudng cua thoi gian nung tong hop vat
liéu rGO, g-C3N4 dén kha nang xtr Iy khang sinh
Levofloxacin.

Hinh 6 biéu dién sy thay doi ciia C/Co vao
thoi gian chiéu sang. Két qua cho thiy, qua
trinh hip phu ddi véi tat ca cac mau bio hoa
sau khoang 30 phut khudy trong téi. Vat liéu
phdi trén gitra CoMoO4, rGO va g-C3Nj c6 kha
ning quang xuc tac tot hon so voi ca CoMoOyq
va g-C3N; don lé, dac biét la voi ty 1€ 5,5%
CoM004/g-CsNa/rGO  voi hiéu suat xir ly
14 78,57%.

Khi hé CoMoO4/g-CsNs/rGO dugc kich
thich bang anh sang kha kién cing voi sy tiép
xuc hoan hao giita 3 chat, ca CoMoO4 va C3N,
déu c6 thé sinh ra cac dién tir va 18 trong, sau
d6 cac dién tr & ving dan (CB) ciia CoMoOys s&
di chuyén vé ving hoa tri (VB) ctia CsNa.

W A
CB » . 9
27eV| € € € QG Product

1 GO

Hinh 7. Co ché quang xuc tac
cta CoM00a4/g-C3N4/Rgo.

Luc nay sy tai két hop cua cac dién tir va 16
trong & trong hé dugc han ché toi da, cac dién
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tir & ving dan (CB) cua g-C3Ns va cac 15 trong
¢ vung hoéa tri (VB) cua CoMoOs s€ tham gia
cac phan mg oxi hoa khir véi nude va oxy dé
tao thanh cac géc HO" va ‘O, . Céc 10 trong &
ving hoéa tri (VB) ciia CoMoOy c6 thé truc tiép
oxy hoa manh cac chit hitu co bam trén bé mat
vat liéu (néu c6) dé phan huy chung thanh CO
va H,0. Pong thoi cling xay ra qué trinh khir

. (20...) 19

CO; ¢ ving dan thanh CO, H.. Ngoai ra, trong
qua trinh di chuyén mot phﬁn cac dién tr duoc
giit lai & bé mit ciia rGO va tai day xay ra phan
Umg gilra cac dién tr va Oz dé sinh ra gbc "0z
goc nay s& tiép tuc tham gia vao céac phan g
dé sinh ra HO" gilip ning cao hiéu suat phan
huy chit 6 nhiém. Co ché quang xuc tic cua
CoM004/g-CsN4/rGO duoc thé hién & Hinh 7.

Bang 2. Hiéu suat phan huy Levofloxacin ctia mot sé vat lidu quang xuc téc

C:g géer‘]‘hto Cu-TiO, ZnM004/Bi;04 GO-TiO; CoMoO4/g-CsNa/rGO
Khang sinh: Khang sinh: Khang sinh: Khang sinh:
Levofloxacin Levofloxacin Levofloxacin Levofloxacin
Thé tich: 350 ml Thé tich: 50 ml Thé tich: 500 ml Thé tich: 100 ml
Diéu kién Nong do: 50 mg/L Nong do: 15 mg/L Nong do: 50 mg/L Nong do: 10 mg/l
thi nghiém Thoi gian khudy: Thoi gian khudy: Thoi gian khudy: Thoi gian khudy:
60 phut, chiéu dén: | 30 phat, chiéu dén: -, chiéu dén: 30 phut, chiéu dén:
360 phut 120 phat 180 phat 120 phat
Den: Led - 40 W. Beén: Xenon 300 W Deén: Led - 40 W. beén: Compact - 32 W
Hiéu suét
phén hay 75,5% 85,24% 74% 78,58%
(%)
TLTK 14 15 16 Nghién clru nay

Hoat tinh quang xuc tic ctia vat liéu tong
hop phu thudc vao ham luong chit ban dan
CoMo0O4 nén khi ham lugng CoMoOs tang thi
hoat tinh xuc tac cling tdng. Bén canh do, viéc
tang ham luong ciing lam tang kich thudc tinh
thé CoMoO, nén lam tang bé mit tiép xtc giita
CoMoOQ, va cac chat nén, 1am phat sinh nhiéu
electron va 15 trong quang sinh hon, do dé ciing
gop phan lam ting hoat tinh. Tuy nhién, néu
ham lugng CoMoO4 16n qué (16n hon 6,5%) c6
thé lai lam tang ning lugng ving cam va do do6
lam giam hoat tinh quang xtc tac trong vung
anh sang nhin thay. V&i hiéu suit phén huy dat
khoang 78,57%, vat liéu composite tong hop cling
da thé hién hoat tinh quang xtic tac kha cao néu so
voi mot s6 chit xtic tic quang hoa khac da cong
b6 [14-16] nhu trinh bay & Bang 2.

4. Két luan

D3 tong hop thanh céng vat liéu t& hop
quang xdc tdc CoMoO4/g-CsNarGO bing

phuong phap nung két hop véi thiy nhiét. Vat
liu CoMoO4/rGO/g-CsN4 cho thdy kha ning
quang xuc tac vugt trdi so voi vat liéu g-CsNa
trong ving anh sang nhin thiy. Ké qua khao
sat kha nang quang xuc tac trén dung dich
Levofloxacin cho thiy diéu kién t6i wu o ty 18
5,5% CoM004/g-CsN4/rGO véi hiéu suat xtr ly
la 78,57%. Két qua nghién ctru da cho thiy viéc
tong hop cac hop chét ban din da thanh phan
dudi su két hop cia CoMoOs, rGO va g-CsNs
dé tao thanh hé vat lidu xitic tac quang lai ghép
lién hop kha thi trong viéc ting hiéu suét quang
xic tac. Két qua nay ciing cho thiy ring
CoM00./g-CsNa/rGO 1a mét vét liéu quang xiic
tac trién _vong trong Xir 1y cac chat 6 nhiém hiru
co, c6 tiém ning mg dung trong thuyc tién.

Loi cam on

Nghién ctru nay dugc tai trq’b("yi Pai hoc
Quoc gia Ha Noi trong dé tai ma s6 QG.23.09.



D. T. Huyen, N. M. Viet. / VNU Journal of Science: Natural Sciences and Technology, Vol..., No..

Tai liéu tham khao

(1]

[2]

[3]

[4]

(5]

(6]

[7]

(8]

Y. Dai, Y. Gu, Y. Bu, Modulation of the
Photocatalytic Performance of g-CsNs by Two-
Sites Co-doping using Variable Valence Metal,
Appl. Surf. Sci., Vol. 500, 2019, pp. 144036,
https://doi.org/10.1016/j.apsusc.2019.144036.

W. D. Oh, V. W. C. Chang, Z. T. Hu, R. Goei,
T. T. Lim, Enhancing the Catalytic Activity of
g-C3N4 through Me Doping (Me = Cu, Co and Fe)
for Selective Sulfathiazole Degradation via Redox-
based Advanced Oxidation Process,” Chem. Eng.
J., Vol. 323, 2017, pp. 260-269, https://doi.org/
10.1016/j.cej.2017.04.107.

M. Solehudin, U. Sirimahachai, G. A. M. Ali, K. F.
Chong, S. Wongnawa, One-pot Synthesis of Isotype
Heterojunction g-C3N4-MU  Photocatalyst  for
Effective Tetracycline Hydrochloride Antibiotic and
Reactive Orange 16 Dye Removal, Advanced
Powder Technology., Vol. 31, 2020, pp. 1891-1902,
https://doi.org/10.1016/j.apt.2020.02.020.

V. Umapathy, P. Neeraja, Sol-gel Synthesis and
Characterizations of CoMoO4 Nanoparticles: An
Efficient Photocatalytic Degradation of
4-Chlorophenol, J.  Nanosci.  Nanotechnol.,
Vol. 16, No. 3, 2016, pp. 2960-2966,

https://doi.org/10.1166/jnn.2016.10761.

C. Zhang, Y. Li, D. Shuai, Y. Shen, W. Xiong,
L. Wang, Graphitic Carbon Nitride (g-C3N4)-based
Photocatalysts for Water Disinfection and
Microbial Control: A Review, Chemosphere.,
Vol. 214, 2019, pp. 462-479,

https://doi.org/10.1016/j.chemosphere.2018.09.137.

R. Koutavarapu, S. G. Peera, T. G. Lee, Recent
Trends in Graphitic Carbon Nitride-Based Binary
and Ternary Heterostructured Electrodes for
Photoelectrochemical Water Splitting, Processes.,
Vol. 9, No. 11, 2021, pp. 1959,

https://doi.org/10.3390/pr9111959.

B. Yuan, J. Wei, T. Hu, H. Yao, Z. Jiang, Z. Fang,
Z. Chu, Simple Synthesis of g-C3sN4/rGO Hybrid
Catalyst for the Photocatalytic Degradation of
Rhodamine B, Chinese Journal of Catalysis.,
Vol. 36, No. 7, 2015, pp. 1009-10186,

https://doi.org/10.1016/S1872-2067(15)60844-0.

Y. Hou, Z. Wen, S. Cui, X. Gou, J. Chen,
Constructing 2D  Porous  Graphitic  C3Na
Nanosheet/Nitrogen-Doped Graphene/Layered

MoS, Ternary Nanojunction with Enhanced
Photoelectrochemical Activity, Advanced
Materials., Vol. 25, No. 43, pp. 6291-6297,
https://doi.org/10.1002/adma.201303116.

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

. (20...) 19 9

D. R. Paul, R. Sharma, S. P. Nehra, A. Sharma,
Effect of Calcination Temperature, pH and Catalyst
Loading on Photodegradation Efficiency of Urea
Derived Graphitic Carbon Nitride Towards
Methylene Blue Dye Solution, RSC Advances.,
Vol. 9, No. 27, 2019, pp. 15381-15391,
https://doi.org/10.1039/c9ra02201.

J. A. Rodriguez, S. Chaturvedi, J. C. Hanson,
A. Albornoz, J. L. Brito, Electronic Properties and
Phase Transformations in CoMoO4and NiMoOa,:
XANES and Time-Resolved Synchrotron XRD
Studies, The Journal of Physical Chemistry B.,
Vol. 102, No. 8, 1998, pp. 1347-1355,
https://doi.org/10.1021/jp972137q.

H. Lakhlifi, Y. E. Jabbar, M. Benchikhi, L. E.
Rakho, B. Durand, R. E. Ouatib, Nanocrystalline
Transition Metal (CoMoQ,) Prepared by Sol Gel
Method: Correlation Between Powder Colors and
o/B Phase Transformations, Inorganic Chemistry
Communications., Vol. 145, 2022, pp. 1387-7003,
https://doi.org/10.1016/j.inoche.2022.110049.

Y. Zhang, H. Tang, X. Ji, C. Li, L. Chen, D. Zhang,
X. Yang, H. Zhang., Synthesis of Reduced
Graphene Oxide/Cu Nanoparticle Composites and
Their Tribological Properties, RSC Adv., Vol. 3,
2013, pp. 26086-26093,

https://doi.org/10.1039/C3RA42478B.

H. Huang, Y. He, X. Du, P.K. Chu, Y. Zhang, A
General and Facile Approach to Heterostructured
Core/Shell BiVO4/BiOl p-n Junction: Room-
Temperature in Situ Assembly and Highly Boosted
Visible-Light Photocatalysis, ACS Sustainable
Chem Eng, Vol. 3, No. 12, 2015, pp. 3262-3273,
https://doi.org/10.1016/j.chemosphere.2018.09.137.

K. S. Varma, A. D. Shukla, R. J. Tayade, P. A.
Joshi, A. K. Das, K. B. Modi, V. G. Gandhi,
Photocatalytic Performance and Interaction
Mechanism of Reverse  Micelle  Synthesized
Cu-TiO, Nanomaterials Towards Levofoxacin
Under Visible LED Light, Photochemical &
Photobiological Sciences., Vol. 3, No. 1, 2022,
pp. 77-89, https://doi.org/10.1007/s43630-021-
00141-8.

Y. Xing, F. Tian, D. Wu, X. Yong, Facile Synthesis
of  Z-scheme  ZnMoO./Bi,04 Heterojunction
Photocatalyst ~ for  Effective =~ Removal  of
Levofloxacin Inorganic Chemistry
Communications., Vol. 143, 2022, pp. 109763,
https://doi.org/10.1016/j.inoche.2022.109763.

N. G. Nair, V. G. Gandhi, K. Modi, A. Shukla,
Photocatalytic Degradation of Levofloxacin by
GO-TiO; Under Visible Light, Materials Today:
Proceedings., 2024,
https://doi.org/10.1016/j.matpr.2023.12.049.


https://doi.org/10.1016/j.apsusc.2019.144036
https://doi.org/10.1016/j.cej.2017.04.107
https://doi.org/10.1016/j.apt.2020.02.020
https://doi.org/10.1016/j.chemosphere.2018.09.137
https://doi.org/10.3390/pr9111959
http://dx.doi.org/10.1016/S1872-2067(15)60844-0
https://doi.org/10.1039/C3RA42478B
https://doi.org/10.1016/j.chemosphere.2018.09.137
https://doi.org/10.1016/j.inoche.2022.109763
https://doi.org/10.1016/j.matpr.2023.12.049
https://doi.org/10.1016/j.matpr.2023.12.049

