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Abstract: In recent years, the problem of environmental pollution is becoming extremely serious.
Especially, environmental pollution caused by textile dyes not only affects living organisms in the
water but also affects human health. There are many methods applied to remove dyes in water; in
which, photocatalysis has been proven to be an efficient method. The g-C3N4 is a polymer material
with small bandgap energy (about 2,7 eV) as well as chemical and thermal stability in the ambient
environment. In this study, the g-CsN4 material was successfully synthesized from urea calcined at
550 °C, and the modified materials oFe,O3/g-CsNs were also successfully prepared by
hydrothermal method. The synthesized materials were characterized by modern analytical
techniques, such as SEM-EDX, XRD, UV-Vis, and FT-IR. The experimental results showed that
synthesized materials have high efficiency in removing Congo Red dye in water under visible light
irradiation. Especially, the 7% aFe,03/g-C3sN4 material had the best efficiency of Congo Red
treatment, with an efficiency of up to 93.59% at pH 5 after 150 minutes.
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Nghién ciru tong hop vat liéu aFe;0a/g-CsNa
ung dung dé xu Iy pham mau Congo Red trong nuéc
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Tém tit: Trong nhitng nim gan ddy, van dé 6 nhiém méi truong dang tré nén vo cung nghiém
trong, ddc biét 1a 6 nhiém méi trudng do thudc nhudm gay ra. N6 khong chi anh huong dén sinh
vét trong nude ma con anh huong dén strc khoe con nguodi. Vi vy, nhiéu phuong phap da dugc
nghién ctru va ap dung dé xtr Iy phim nhudm trong nudc, trong d6 phuong phap quang xuc tac co
hiéu qua cao nhét. Vat lidu g-CsN4 c6 wu diém 13 6n dinh hoa hoc va 6n dinh nhiét, c6 ning luong
ving cAm nho (khoang 2,7 eV) va c6 thé hoat dong dudi anh sang mat troi. Trong nghién ctru nay,
vat liéu g-C3N4 duoc téng hop thanh cong tir uré sau khi nung & 550 °C va vat liéu bién tinh
aFe;03/g-C3N4 dugc diéu ché thanh coéng bang phuong phap thuy nhiét. Cac vat lidu tong hop
duoc dic trung boi cac ky thuét phan tich hién dai nhu SEM, EDX, XRD, UV-Vis va FT-IR. Két
qua xtr 1y thu dugc cling cho thdy vat lidu sau khi tong hop ¢ hiéu suit cao trong viéc loai bo
thudc nhuém Congo Red dudi chiéu xa anh sang kha kién. Vat liéu 7% aFe,03/g-CsN4 cho phép
xir Iy Congo Red tt nhét, v6i hiéu suét 1én dén 93,59% & pH = 5 trong 150 phut.

Tir khéa: aFe;03/g-CsN4, Congo Red, x(c tac quang.

1. Mé diu

Nganh cong nghi¢p dét nhudm la mét trong
nhitng nganh coéng nghiép co6 bé day truyén
théng & nudc ta va giit vi tri quan trong trong
nén kinh té qudc gia. Song song véi nhiing ting
dung to 16n ctia phim nhudm 14 nhitng tac dong
tiéu cuc do doc tinh ctia nude thai dét nhuom
anh huong dén méi truong va sire khoe.

Su that thoat thudc nhudm trong qua trinh
nhudém da din dén 10- 15% thude nhudm khong
dugc str dung chay truc tiép vao ngudn nude va
c6 thé cam nhan rd sy 6 nhiém théng qua do
mau cua nude. Thude nhudm azo la mot trong
cac loai thudc nhudom cé doc tinh cao, dién hinh
la Congo Red (CR) duoc biét dén 1a mot chat
gay ung thu. Céc sinh vat trong nudc khi phoi
nhidm 14u dai v6i nhimmg thudc nhudém nay co
thé giy ra nhimg anh huong xiu dén co thé
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nhu: ton hai dén di truyén, kha ning sinh san va
tham chi la tor vong [1, 2]. Do do, tim ra
phuong phap xu ly pham nhudm CR trong nudc
1a mot van dé cép thiét.

Pung trudc tinh trang dang bao dong tir 6
nhiém phdm mau dem dén rat nhiéu thach thirc
cling nhu 14 co hdi nghién ctru, tim hiéu cho cac
nha khoa hoc trong vi€c tim ra phuong phap
phu hop, kinh t& dé xtr Iy pham nhudém. Mot s6
phuong phap da duoc ing dung dé xir Iy loai bo
pham nhudm trong nudc nhu: phuong phap keo
tu, phuong phap hép phu, phuong phap oxi
hoa,... Tuy nhién, cdc phuong phap trén van
ton ta1 mdt s& han ché nhu: chi phi dat do, kha
nang xur 1y khong cao,... Dé khic phuc nhiing
han ché nay, viéc xu ly phim nhudém bing
phuong phap xuc tic quang dang nhén duoc
nhleu su quan tdm do hiéu qua v€ chi phi, hiéu
sudt cao va diac biét rat than thién véi moi
truong. Thoi gian gan day, vat liéu ban dan
khong kim loai graphitic carbon nitride
(9-C3N,) rit dwoc quan tdm. Vit liéu nay cho
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thay hiéu qua Xuc tac quang cao trong vung anh
sang kha kién, ning luong ving cam tuong do6i
hep (khoang 2,7 eV) va bén. Bén canh d6 co thé
thay rang, vat liéu g-CsN, vdi dién tich bé mat
nho, so luong tam phan Gng tiép xtic thap va
hidu suat tai to hop ciia cac electron va 16 trong
quang sinh cao, diéu nay han ché ung dung
trong cac linh vuc xtc tic quang va phan tich
dién hoa [3]. Chinh vi vdy, mét trong nhiing
giai phap cai tién dwoc dua ra 13 bién tinh vat
liéu nham giam toc do tai to hop electron va 15
trong quang sinh, ting dién tich bé mat chat xac
tac, tr d6 nang cao hiéu qua hoat tinh xuc tac
cua vat liéu [4, 5].

oFe,0s la vat liéu ban dan loai n c6 ning
luong ving cdm hep (Eg = 2,1 eV), ¢6 kha nang
phan tng t6t v6i anh sang kha kién, tinh chat
hoéa hoc 6n dinh, than thién v6i moéi trudng, gia
thanh ré va c6 rat nhiéu trén trai dat [6, 9-11].
Hién nay, vat liéu aFe,O3 da dugc Ung dung
cho nhiéu linh vyc nhu siéu tu dién, pin, cam
bién, chat hip phu va xtc tac quang. Mic du
vy nhung cic electron va 15 trdng quang sinh
ctia aFe;0; lai d& dang tai to hop v6i nhau dan
dén kha ning quang xtc tac kém, diéu nay han
ché ung dung cua ching trong xuc tac quang.
Do d6, viéc bién tinh, két hop aFe.0s v6i vt
lidu khac 1a can thiét dé ting hiéu qua xUc tac
quang ciia vat liéu. Cac vat liéu tong hop duoc
dac trung boi cac ky thudt phan tich hién dai
nhu SEM, EDX, XRD, UV-Vis va FT-IR.

2. Thwe nghi€ém
2.1. Héa chat sir dung

HCI, NHs;, Congo Red, ethanol,
FeCls.6H.0O, Fe(NOs)3.9H,O, KCI, NaOH,
(NH2)2CO. Tét ca cac hoéa chat sir dung deu
dat do tinh khiét > 99% va co6 ngudn gbc
Sigma-Aldrich.

2.2. Bé tri thi nghiém va phwong phdp thi nghiém
2.2.1. Téng hop g-CsNa
g-CsN4 tinh khiét duoc tong hop bang cach
nung uré ¢ nhiét d6 cao. Cu thé, 5 gam bot uré
dugc cho vao cdce sitr, boc ky bang gidy bac, va
nung & nhiét d6 550 °C trong 3 h. Sau d6 vat

liéu dugc lam ngudi tu nhién dén nhiét do
phong. San pham thu dugc 1a chat bot mau
vang (g-CsNa).

2.2.2. Tong hop oFe,03/g-C3Na

Vit liéu aFe;03/g-C3N4 dugc tong hop theo
2 phuong phap khac nhau (1aFe-CN va 20Fe-CN).
Tong hop vat liéu 1aFe-CN:

Lay 1,365 gam FeCl3.6H,0 dugc hoa tan
trong 3,5 ml nuéc va 50 ml ethanol trén may
khudy tir. Tiép d6, cho tir tir 4 gam natri acetat
vao hdn hop trén. Sau d6, chuyén dung dich thu
duogc vao binh thuy nhiét & 180 °C trong 12 h
roi dé ngudi vé nhiét do phong. San pham thu
dugc dem ly tam nhiéu 1an voi nudc va ethanol
r6i lam kho trong 12 h & 60 °C thu duoc
aFe;0s.

Lay 0,15 gam g-CsN, da téng hop & muc
2.2.1 cho vao 25ml ethanol, tién hanh rung siéu
am sau d6 dem di khudy tir. Ding mot lugng
Fe,03 sao cho ty 16 khdi lwong Fe,0s/g-CsNy
thu dugc sau phan tng la 3%, 5%, 7%, 10%,
15% dugc thém vao huyén phu ¢ toc d6 cham
va khudy lién tyc dé dam bao hdn hop dung
dich ddng nhit. Pem hdn hop di thuy nhiét &
180 °C trong 4 h. Cudi cing, cic san pham
dugc 1am ngudi dén nhiét d6 phong roi ria
nhiéu lan va sdy kho & 180 °C trong 12 h. Cac
mau véi ty 1 khac nhau duoc ky hiéu 1a (x%)-
laFe-CN.

Lay 4,04g Fe(NO3)3.9H,0, thém 50 ml nuéc
cat. Pidu chinh pH dung dich vé gia tri 9 bang
dung dich NHs. Sau khi khudy, chuyén dung dich
vao binh thuy nhiét va duy tri & 20 °C trong 10 h.
Sau d6, san pham duoc rira nhiéu 1an bang nudc
cit va ethanol ta thu dugc aFe;Os.

Dung 0,5 g cua g-C3Ns thém vao 50 ml
dung dich Fe(NOs)s dugc pha voi ndng do khac
nhau sao cho ty 1& khdi lwong Fe,03/g-CsN, thu
dugc sau phan ung la 0,25:1; 0,3:1; 0,35:1 va
0,4:1 (vai ky hleu (y%)-20Fe-CN). Diéu chinh
pH dung dich vé& gia tri 9. Sau khi khudy trong
2 h, chuyén dung dich vao binh thuy nhiét va
duy tri & nhiét do 120 °C trong
10 h. Sau do, san phém duoc rira nhiéu 1an b::ing
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nuée cit va ethanol, lam khé trong tu siy &
nhiét d6 60 °C.

2.3. Phirong phdp phan tich tinh chat ddc trung
cua vat lieu

Hinh thai bé mat vat liéu dugc quan sat st
dung kinh hién vi dién tor quét (SEM) JEOL
JSM-IT100 (Nhat Ban). Cau tric tinh thé cua
cac thanh phan trong mau dugc phan tich bang
may do nhiéu xa tia X (XRD) Rigaku MiniFlex
600 (Nhat Ban). Cac nhom chuc trén bé mat vat
liéeu duoc xac dinh st dung may quang
phd héng ngoai Fourier JASCO FTIR 4600
(Nhat Ban). Thong tin Ve cac nguyén t6 cling
VO’l ti phan cua tung nguyén td co mat trong
mau vat liéu duoc phan tich bang phd tan xa
ning luong tia X (EDX). Pho IR cung cip
thong tin vé thanh phan va cu trac phan tir cia
vat liéu.

2.4. Qud trinh khdo sdt kha nang xir 1y pham
mau Congo Red cua vat liéu

Quy trinh khao sat: 0,05 g cac loai vat liéu
dugc khudy voi 100 mL dung dich phdam CR
v6i nong do dau 60 ppm. Pau tién cho cac dung
dich trén duoc khudy trong didu kién khong co
anh sang 30 phat, 1ay 10 ml dung dich di loc va
dem di do quang. Tiép theo, khudy lién tuc
trong diéu kién c¢6 anh sang 120 phit bai dén
compact (hdng Rang Dong- 36W) va hé phan
mg dugc gitr on dinh nhiét do dé loai bo anh
huong do nhiét tir bong dén tda ra. Sau do, tién
hanh loc va ldy phan dung dich do quang &
bude song cuc dai 498 nm dé xac dinh nong do
trude va sau khi xur ly.

3. Két qua va thio luin
3.1. Pdc trung vdt liéu

Hinh thai bé mit cua vat liéu dugc dic
trung boi ky thuat hién vi dién tir quét SEM
(Hinh 1). T anh SEM b (mau vat liéu duogc
tong hop theo cach 1) va ¢ (mau vat liéu duoc
téng hop theo cach 2), c6 thé thiy su xuét hién
ctia cic hat oFe;Os trén bé mat cta cac tAm
0-CsNs. Kich ¢& cac hat déu nhau, diéu nay
thuan loi cho qua trinh trao dbi dién ttr va cac 16
tréng quang sinh trong vat ligu. Co thé nhan

thdy r6 rang qué trinh bién tinh khéng lam anh
hudng t61 mang tinh the cua vat liu nén.

Hinh 1. Anh SEM ciia cac vt liéu a) g-C3Ng, b)
Fe203/g-C3N4 7%, C) 0,321 F6203/g-C3N4,

C6 thé thiy khi pha tap, ning lugng ving
cAm cua vat liéu xdc tac cd thay dbi. So véi
viung cam ciia g-CsNa, ving cam cia vat liéu
0Fe203/g-CsN4 giam di nhiéu do ving cdm ciia
aFe203 122,10 eV (Béng 1 va Hinh 2). Khi néng
luong ving cam giam xuong, kha ning tai t6
hop cua electron va 16 trong quang sinh giam
xuong, nhu vay hiéu sut qua trinh x0c tac
quang t6t hon. Nhu vdy, vat liéu aFe;0s/g-C3Ns
da dugc mo rong sang ving kha kién, ning
lugng ving cam giam, mang lai hiéu qua xtr ly
phdm mau trong nudc cao hon.
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Azaorbance

Absorbance

Waveength (nm.

Hinh 2. Phd UV-Vis cua cac mau vat liéu
a) (x%)-1aFe-CN, b) (y%)-2aFe-CN.
Bang 1. Nang luong vung cAm
cua cac vat liéu da tong hop

Vit lidu E, (eV)
g—C3N4 2,68
Fe,O3 2,10

0,25:1 Fe;03/g-CsNs | 2,22
0,3:1 Fe;03/g-CsN4 2,14
0,35:1 Fe,03/g-CsNs | 2,18
0,4:1 Fex03/g-CsNa4 2,32
3% Fe,03/g-CsN4 2,24
5% Fe,03/g-CsN4 2,20
7% Fe203/g-C3Na 2,09
10%Fe;03/g-C3sN4 2,11
15% Fe,03/g-CsNs | 2,26

Nhin chung, cac mau vat liéu c6 mau tuong
tw nhau, dé x4c dinh cdu tric va do tinh khiét,
cac mau duoc do nhifu xa tia X va két qua
duoc trinh bay trong Hinh 3.

Trong gian dd XRD ctia g-CsNa, c6 mot pic
tai vi tri goc 20 =27,3 °C biéu thi cho mat phing

(002) cua vat liu g-CsNs, pic nay cho ta thiy
chu trac xép chong ciia g-CsNy trong tu nhu
graphit. Ngoai ra, con 1 pic nhiéu xa nhd
hon tai goc 13,1 °C thé hién cho mit phang
(100), pic nay cho biét sy c6 mit cua céu tric
tri-s-triazine cuia g-C3Na.

Trén gian ¢ XRD clia aFe;03 c6 thé thay rd
rang cac pic tai goc 24,3 °C; 334 °C; 35,7 °C;
40,9 °C; 54,2 °C; 62,5 °C va 64,1 °C. Cac pic
nay thé hién cac mat (1 0 2), (1 0 4), (11 0),
(113),(202),(024),(116),(216)va(300)
cho thiy cau trac tinh thé hinh thoi, dic trung
clia tinh thé aFe,0s.

ntensty fcount)

2 theta (deg

Hinh 3. Phd XRD cua vt lidu a) (x%)-1aFe-CN, b)
(y%)-2aFe-CN.

3.2. Khd nang xuc tdc quang cua vat liéu

Hiéu suit xic tac quang dugc khio sat bang
kha nang phan hiy quang hoa cua CR dudi anh
sang kha kién. Hinh 4 cho thay tit ca cac ti 18
phéi troi déu cho hiéu suit cao hon so v&i vat
liéu g-CsN, tinh khiét. Trong sd cac vat liu
dugc tong hop theo 2 cach thi vat ligu
aFe203/g-CsNa 7% tong hop theo cach 1 cho
hiéu sudt xuc tic cao nhit (89,88%) sau 120
phiit chiéu sang. Trong khi d6, vat liéu tong hop
theo cach hai cho hiéu sudt cao nhét chi dat
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60% voi ti 1€ tron 0.3:1 aFe;03/g-C3Na. Do Véy3
vat liéu oFe203/g-C3Ny 7% dugc st dung de
thuc hién cac nghién curu tiép theo.

e ()

Hinh 4. Anh hudng cua ti 16 phdi tron tong hop vt
liéu aFe204/g-C3N4 dén kha ning xir Iy pham mau CR.
a) Vat liéu (x%)-1aFe-CN,

b) Vat liéu (y%)-2aFe-CN.

Qua cac thi nghiém da khao sat thi vat li€u
0Fe;03/g-C3Ns 7% da dugce str dung dé khao sat
hoat tinh xtc tic quang véi cac pH 1an luot tir 3
dén 10. Kha niang xu 1y cua vt lidu duoc thé
hién trén Hinh 5. Két qua thu dugc cho thiy gia
tri pH c6 anh huéng dén kha ning phan hiay CR
ctia vat liéu aFe,03/g-CsNa. Trong 30 phut hip
phu thi ndng do giam khong dang ké so véi qua
trinh chiéu sang (chi dat dugc hidu suat khoang
16%) diéu d6 c6 nghia 1a qua trinh hap phu d01
voi vét liéu trén 1a khong dang ké ma yéu tb
chinh dé néng d6 pham nhuém CR giam 1a do
qué trinh xtic tic quang. DO thi cho thay higu
sudt xtic tac quang kha cao trong khoang pH
tr 3 dén 6, trong d6 cao nhét 13 ¢ didu kién
pH = 5, véi hiéu suét dat 93,59% sau 120 pht
chiéu séang.

—— i) |

CvCo

e (min)

Hinh 5. Aph huong ciia pH dén kha nang xir Iy
pham mau cuda vat li¢u 1aFe-CN.

Tinh 6n dinh cua vat liéu xdc tac quang
0Fe;03/g-C3N, trong qué trinh phan hity phim
nhudm 1a mét yéu té quan trong ddi voi cac tng
dung thyc tién. Trong nghién ctu nay, cac thi
nghiém tai sinh oFe,03/g-CsNs dad dugce thuc
hién dé danh gia d6 6n dinh cua vat liéu x(c tac
quang di dugc tong hop dbi voi sy phan hay
quang cta pham nhuém CR dudi su chiéu xa
clia anh sang kha kién. Céac dleu kién phan ung
nhu pH, ty 1¢ phéi tron va nong do pham mau
t6i wu nhu da trinh bay trong cac phan trude di
duoc ap dung. Sau mdi chu ky tai sinh, vat liéu
xuc tac quang duoc thu thap béng cach loai bo
dung dich CR con lai, rira bang nudc cat, ly tam
va lam khd vat liéu ¢ 80 °C trong ti sdy. Vit
liéu xtc tac sau d6 dugc tai sir dung cho cac thi
nghiém phan hity quang hoc tiép theo. Sau hai
lan tai sinh, vat liéu cho thdy kha ning xtc tac
xtr Iy pham nhudém kha thip (42%). Nhu vay,
vat liéu duge ché tao co chi co kha nang tai sinh
2 hodc 3 lan.

w

1IN (v

Hinh 6. Kha nidng tai sinh cta vat liéu 1aFe-CN.
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Bang 2 so sanh hiéu qua kha nang quang
xuc tac xtr Iy pham mau Congo Red cia vat liu
trong nghién ctru nay vi mot s6 vat lidu khac
dd duoc cong b trude diy. Két qua cho thdy
vat liéu aFexO03/g-CsN4 trong nghién ctru nay
cho hiéu qua xir 1y cao, c6 tiém ning (mg dung
trong thyc té.

Bang 2. Mot sé két qua phan hity CR
bang chat xuc tac quang

STT | VA liGu XUC | e bt | Téc gia
tac quang

94%
(xtrly
10 ppm
CR)
87,46%
(xtrly
2 | EG@CoFe;04 58,2 ppm [8]
CR)

86,9%
(xtrly
42,25 ppm (8]
CR)

93,59%
(XF6203/ (XfI 1}7
g-C3N4 60 ppm
CR)

1 | Hat nano ZnO [7]

3 | EG@NiFe;04

Nghién
ciu
nay

4. Két luan

Trong nghién cuu nay vat liéu g-CsNs da
dugc téng hop thanh cong tir ure bang phuong
phap nung, vat liéu aFe,0s; da duoc tong hop
thanh cong bang phuwong phap thiy nhiét va
mau vat liéu composite aFe,03/g- C3Ns duoc
tong hop bang phuong phap thuy nhiét tir Fe,03
va g-C3sN4. Qua trinh khao sat hoat tinh xuc tac
quang phan hiy phim nhudém cua vat lidu
oFe,03/g-CsN, (trong didu kién t6i wu) cho thay
hiéu qua xir Iy pham mau CR véi nong do
60 ppm dat hiéu sudt cao nhat khi sir dung vét
litu 1aFe-CN tai pH=5, hiéu sudt xu ly dat
93,59% sau 150 phit chiéu sang. Mic du day
mdi la cac nghién clru thu nghiém nhung nhiing
loi ich vé méi trudng, kinh té cing tiém ning
xtr Iy d6 mau trong nude thai 1a rat hira hen.
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Nghién ctru nay dugc tai trg boi dé tai Nghi
dinh thu md s6 NDT.75.CHN/19 véi Truong
Pai hoc An Huy, Trung Quoc.

Tai liéu tham khao

[1] J. T. Spadaro, L. Isabelle, V. Renganathan,
Hygroxyl Radical Mediated Degradation of Azo
Dyes: Evidence for Benzene Generation,
Environmental Science and Technology, Vol. 28,
1994, pp. 1389-1393.

[2] H. Zollinger, Color Chemistry: Syntheses,
Properties, and Applications of Organic Dyes and
Pigments, John Wiley & Sons, 2003.

[3] J. Zhang, Q. Wang, Y. Jin, D. Huang, C. Qiliang,
Z. Guangtian, Nitrogen-rich Carbon Nitride
Hollow Vesels: Synthesis, Characterization, and
Their Properties, J. Phys, Chem. B, Vol. 114,
No. 29, 2010, pp. 9429-9434,
https://doi.org/10.1021/jp 1004729c.

[4] E. G. Gillam, Synthesis of Nitrogen-rich Carbon
Nitride Networks from an Energetic Molecular
Azide Precursor, Chem, Mater, Vol. 12, No. 12,
2000, pp. 39063912,

https://doi.org/10.1021/cm000570y.

[5] X. Waet, M. Kazuhiko, T. Arne, T. Kazuhiro,
X. Gang, J. M. Carlsson, D. Kazunari, A. Markus,
A Metal-free  Polymeric Photocatalyst for
Hydrogen Production from Water Under Viible
Light, Nat, Mater, Vol. 8, No. 1, 2009, pp. 76-80,
https://doi.org/10.1038/nmat2317.

[6] F. Zhang, H. Yang, X. Xie, L. Li, L. Zhang,
Controlled Synthesis and Gas-sensing Properties
of Hollow Sea Urchin-like aFe,O; Nanostructures
and oFe;0; Nanocubes, Sensors Actuators,
B Chem., Vol. 141, No. 2, 2009, pp. 381-389.

[71 N. N. Thanh, N. N. Thinh, N. V. Anh, In Situ
Synthesis and Characterization of ZnO/Chitosan
Nanocomposites as an Adsorbent for Removal of
Congo Red from Aqueous Solution, Advances in
Polymer Technology, Vol. 2020, 2020, pp. 3892694,
https://doi.org/10.1155/2020/3892694.

[8] P. V. Thinh, Research on Synthesizing Magnetic
Materials Based on Vietnamese Graphite, Applied
in Environmental Treatment of Organic Color
Pollution (Congo Red), Thesis Desertation,
Nguyen Tat Thanh University, 2019.

[91 A. K. Jaspreet, K. Rajput, A Prompt
Electrochemical ~ Monitoring  Platform  for
Sensitive and Selective Determination of



100

[10]

P. H. T. Trang et al. / VNU Journal of Science: Natural Sciences and Technology, Vol. 39, No. 2 (2023) 93-100

Thiamethoxam  using  Fe,O;@g-CsN.@MSB
Composite Modified Glassy Carbon Electrode,

J. Food Compos, Anal, Vol. 115, 2023,
pp. 105033.
C. Harak, S. Mardikar, V. Gulavani,

A. Yengantiwar, V. Salve, P. More, V. Pandit,
S. Balgude, Superior Photoelectrochemical
Performance of Fe;03/g-CsNs Heterostructure

[11]

Synthesized by Chemical Precipitation Method,
Mater, Today: Proc., Vol. 53, 2022, pp. 134-138.
X. Zhou, H. Liu, S. Liu, L. Zhang, T. Wang,
C. Wang, D. Su, Constructing Efficient
a-Fe;03/g-CsNo/HNTs-loaded Heterojunction
Photocatalysts ~ for ~ Photocatalytic ~ Oxidative
Desulfurization: Influencing Factors, Kinetics, and
Mechanism, Fuel, VVol. 332, 2023, pp. 126147.



