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photogenerated electrons and holes leads to their low photocatalytic
activity. Moreover, the conduction and valence band potentials of these
Z=scheme photocatalyst, g-C3Ng, materials are not suitable for the redox reactions with water and oxygen
FeWOs,, visible light to generate HO+ and «O, radicals, respectively. Therefore, the
development of new photocatalyst systems to overcome these
disadvantages is necessary. This study investigated the photocatalytic
activity of FeWQ4/rGO/g-C3N4 Z-scheme photocatalytic system via the
degradation of Rhodamine B in water. The photocatalyst was
synthesized by simple hydrothermal method and characterized by X-ray
diffraction method (XRD), fluorescence spectroscopy (PL) and diffuse
reflectance spectra (UV-vis). The results showed that after 150 minutes
illumination, the Rhodamine B decomposition efficiency on FeWO./g-
CsNg and FeWO./rGO/g-CsNs were 93.07 and 99.21%, respectively.
These values were significantly higher than that of g-CsN4 under the
same catalytic concentration of 0.1g/L. In the FeWQ4/rGO/g-C3N4
heterostructure, rGO acted as electron mediator and transporter
between two semiconductors, resulting in a lower recombination rate of
photogenerated charges. As the results, the photocatalytic performance
was enhanced.

Keywords:

Gidi thiéu chung Gan day, vat lieu co nang luong ving cdm hep dang
nhan dugc nhiéu quan tdm cla cac nha khoa hoc nhg
hoat tinh xUc tdc manh trong vung anh sang kha kién
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[1 - 4]. Graphit cacbon nitrua (g-CsNa) la mét chét ban
dan dang thu hdt rat nhiéu su chd vy do s3 hitu nhiting
dac tinh xUc tac tuyét vai. g-CsNa c6 céu tric I6p dugc
tao thanh tUr cac dan vj tri-s-triazine lién két v&i nhau
thédng qua nhém amin bac 3 [2]. g-C3N4 c6 muc nang
lugng vung cdm (khodng 2,7 eV) cho phép g-CsNa
hoat déng tét trong vung anh sédng nhin thdy [3], d6
6n dinh nhiét, 6n dinh héa hoc cao [2]. Tuy nhién, téc
do tai t6 hop cla cac elcetron va 16 tréng quang sinh
van luén la van dé déi vai nhitng vat liéu cd dé réng
vung cdm hep. Hon nlfa, vdéi gia tri thé nang vung hda
tri ctia g-GsNa (+1,4 eV) lam han ché sy tham gia cla
phan tng oxi hoa H,O dé tao géc HO".

Vi vay, viéc ché tao mét hé xic tac quang lién hgp ma
& do hai chat ban dan vai nang lugng ving cdm hep
két hap véi nhau s& khac phuc dugc hai nhugc diém
k& trén [5-8].

FeWOs la mot chat ban dan loai p, ¢ nang luong
vung cdm hep, khoang 2,17 eV [4]. Tuang ty g-C3Ny,
nhugc diém clia FeWOs la téc do tai té hop gitia dién
tr va 16 tréng quang sinh. Tuy nhién, vé&i sy tuong
thich vé& thé nang ving dan va ving hoa tri, viéc t&
hap FeWO4 vdi g-C3Nyg c6 thé s& tan dung dudc ca kha
nang oxi hoa va khif tuong Ung clia 16 tréng va dién ti
quang sinh. Nh& do6, cb hoat tinh quang 6t han ngay
trong vuing &nh séng nhin thdy so vdi cac hgp phan riéng
lé [11, 12]. Bong thai, viéc két hap nay co thé gidp cai
thién hiéu quad qué trinh phan tach dién tich va 16
tréng quang sinh, nang cao hiéu sudt xUr ly cda vat liéu.

Trong nghién ctru nay, chung téi nghién ctu téng hap
hé xdc tac lién hgp dang Z FeWO4/rGO/g-C3N,, trong
dé rGO, mét chdt cd khd néng truyén dién tir t6t va
dién tich bé mat 16n, s& dong vai trd nhu mét chat hd
trg trung gian, van chuyén dién t, han ché kha nang
tai két hap cla dién tir va 16 tréng [5, 9. Hoat tinh xUc
tac cla vat liéu sé dugc danh gia qua qua trinh xd If
Rhodamine B (RhB) dudi &nh séng kha kién.

Thuc nghiém va phuang phap nghién cdu

Quy trinh t6ng hop vat liéu

T6ng hap g-CsNa4

g-CsNs dudc téng hgp tu tién chét 1a melamin bang
cach nung hén hgp melamin va NH.Cl theo ty 16 1:3 vé
kh&i lugng & nhiét dé 550°C trong 4 gid vai t6c do gia

nhiét 13 5°C/pht.

Téng hap FeWOq

FeWO, dudgc téng hop bang phuong phép thly nhiét
don gian. Khudy déu hén hop gdm 50ml dung dich
Na,WO4 8mM va 50ml dung dich mudi Mohr
[(NH4)2(FeSO4),.6H.O] 8mM. Dung dung dich NaOH
1M diéu chinh pH = 9. Sau d6 hén hop dudc dua vao
binh teflon va tién hanh thay nhiét & nhiét dé 160°C
trong 12 gid. Két thic qué trinh thly nhiét, ldy chét ra
khdi binh va rlra véi nudc cét réi sy knd & 65°C trong
24 gic. Cubi cung ta thu dugc vat liéu FeWQs.

T6ng hop cdc hé vat lidu

FeWO4/g-CsNs dugc ché tao bang céch hoa tan
500mg g-C3Na4 v&i 50mg FeWOu trong 100ml nudc cét
r&i rung siéu am hon hap trong 1h dé huyén phu phan
tan déng déu. Sau dé chuyén hdn hgp vao binh teflon
dem thuay nhiét & 160°C trong 12h. Rlta sach hén hop
sau thay nhiét d€ pH vé trung tinh va say khé & 60°C
trong 24h.

Téng hop GO va rGO

Graphen oxit dugc téng hgp tU than chi ty nhién
thong qua phuong phap Humers'[14]. GO bi khit bang
cach st dung axit ascorbic. GO dudc phan tan trong
nudc bang may rung siéu am, sau do mét lugng axit
ascorbic géap 10 lan lugng GO dugc thém vao, khudy
déu hén hop va khir trong trong 1h & 65°C @€ thu
dugc rGO.

Tong hop FeWO./rGO/g-CsNy4

FeWO4/rGO/g-C3N4 dugc ché tao thdng qua hai budc.
- Budc 1: chuén bi rGO/g-CsN4 bang cach phan tan
500 mg g-CsN4 vdi 12,5 mg rGO trong 100 ml nudc
cat, rung siéu &m hoén hop trong Th dé€ huyén phu
phén tan déng déu. Sau doé tién hanh khi GO theo
quy trinh & phan 2.1.4. Cudi cung rifa sach hdn hop vdi
nudc cat dé vé pH trung tinh va sdy khé trong 24h &
60°C.

- Budc 2: Phan tan FeWQy 1én rGO/g-CsNy4 theo quy
trinh & muc 2.1.3.

Ddc trung vt liéu

Cac vat liéu sau khi tbng hgp dugc nghién min va phan
tich d&c trung trén céc thiét bi chuyén dung. Gidn do
nhiéu xa tia X (XRD) dugc do trén may D8-Advance
5005 véi dién cuc Cu va budc séng A= 1,540 A, Phé
tan xa nang lugng dugc thuc hién trén thiét bi EDX -
Oxford Instruments. Phé Khad nang hép thu anh sang
cla vat liéu trong vung sang 200 - 800 nm dugc khao
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sat bang phuang phap quang phd phan xa khuéch tan
(UV-vis UH4150). Phé quang phat quang (PL) (HORIBA
Fluoromax-4) dugc ghi lai nham dénh gia kha nang
phan tach dién ti clia cac vat liéu.

Hoagt tinh quang xuc tdc

Hoat tinh quang xUc tac cla cac mau vat liéu dugc
danh gid thong qua kha nang phan hdy phdm mau
RhB trong diéu kién anh séng kha kién. 100 mg vat liéu
xUc tac dugc thém vao 200 mL dung dich RhB ¢ nong
do 40 mg/L, khudy véi téc dé khéng déi trong bong
t6i trong vong 30 phut dé dat can bang hap phu. Sau
doé, tiép tuc khudy trong diéu kién chiéu séng vdi
nguodn sang la den LED cong sudt 20W. C sau nhing
khoang thdi gian nhat dinh, 5 mL mau dugc 14y ra, ly
tam dé loai bo cac hat rén dé phan tich. Néng dé RhB
xac dinh bang may quang phd UV-vis & budc song
553 nm. Hiéu sudt ctia phan Ung quang phan huy RhB
dugc tinh theo cong thiic: H (%) = [(Ao-A)/Aglx100,
trong do Ag va A la d6 hép thu clia RhB ban déu va tai
thai diém t.

Két qua va thao luan
Bdc trung vat liéu

K&t qua nhiéu xa tia X clia cac vat liéu dugc thé hién &
Hinh 1. Céc dinh nhiéu xa dac trung clia FeWO. dugc
thé hién & cac goc 26 khac nhau bao gém 10,3° 18,9°
24,0° 24,6° va 30,1° tuong Ung vd&i cac mat (010); (100);
(011); (110) va (111) dac trung céu tric cda wolframite
(JCPDS 74-1130). Két qua cling cho thdy gidn do XRD
clia vat liéu g-C3Nu co xudt hién mét pic dac trung &
27,3° do su sap x€p cla cac hé théng lién hgp thom,
tuong Ung véi mat (002) va mét pic cd cudng dé thép
& vi tri 13,2°, do su sdp xép tuan hoan cac don vi tri-s-
triazin tuong Ung vai mat phang tinh thé (100) (JCPDS:
87-1526).

PGi v mau rGO, ta thay xudt hién mét pic nhiéu xa
réng & goc 20 = 24,2°, tuong Ung vai mat phang phan
xa (002) clia cac t&m rGO.

O cac hé vat lieu lien hop FeWOs/g-C3Ni va
FeWO4/rGO/g-C3Ns c6 thé thdy khi dua thém FeWOq
va rGO vdi lugng nho, khéng anh hudng dén thanh
phan pha ctia g-C3Na4. Tuy nhién, c6 thé do ham lugng
clia FeWOus va rGO la tuang déi thap so vdi luang g-
C3N4, nén cac pic ctia rGO va FeWO: trong mau lién
hop gan nhu khéng dugc thé hién trén gian do.

) ——— g-C3N4
’ — GO
\ FeWO04/rGO/g-C3N4
[ FeWO4/g-C3N4
FeWwo4

Cuong dd (a.u)

- i nlhk . by ey

10 15 20 25 30 35 40 45 50 55 60
2-theta (d6)
Hinh 1: Gidn d6 XRD cua cac vat liéu FeWQ., g-C3Ny,
rGO, FeWO4/g-C3N4, FeWO./rGO/g-C3Na

K&t qua phd tan xa nang lugng EDX & Hinh 2 cho théy,
ti & % khéi luong cla C va N tuong Ung trong mau
FeWO4/g-CsNs  va  FeWO4/rGO/g-C3Ns  la 29,73
33,87% va 47,24-51,97%. Két qua ciing cho thay su
xudt hién cta cac thanh phan Fe, W va O vd&i ham
trong 2 mau vat liéu nay tuong Ung la 2,32 -3,00%,
2,91-4,28% va 7,65-14,38%. Ngoai ra, trong mau cling
ton tai mot lugng nhd Na (<1,4%) con sot lai trong qué
trinh rdfa mau.

Nguyén to % Khoi lrgng Nguyén to % Khoi lugng
C 33,87 C 29,73
N 51,97 N 47,24
W 2,91 W 4,28
Fe 2,32 Fe 3,00
(6] 7,65 (6] 14,38
Na 1,28 Na 1,36
Tong 100 Tong 100

Hinh 2: K&t qua SEM-EDX cla céc vat liéu FeWOa/g-
C3N4 va FeWO4/rGO/g—C3N4

Két qua phd UV-Vis clia cac mau vat liéu dugc thé hién
trong Hinh 3a. Cé thé thdy, cudng dé hdp thu anh
sang vung kha kién (budc song 400 - 800 nm) cla vat
liéu FeWO./rGO/g-CsNsa va FeWO/g-C3N4 tang lén
déang ké so vdi vat liéu g-C3Na ban dau. Dac biét, su co
mat clia rGO da lam bd hdp thu 4nh sang vung cla
vat liéu chuyén dich manh sang vung kha kién.

Nang lugng vung cém cla cac vat liéu cd thé duac
tinh bang phuong trinh Kubelka—Munk [13]:

ahv = A.(hv — Eg )"?
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trong dé, A la hang s6, a, h, v, va Eg la hé s6 hap thy,
hang sé Planck, tdn s6 &nh séng va nang lugng viing
cam. Theo dé, trong nghién cltu nay nang lugng ving
cdm cla g-C3Ns, FeWO./g-CNs va FeWQO4/rGO/g-
3Ny 1an lugt co gié tri la 2,70; 2,53 va 2,45 eV (Hinh
3b). C6 thé thdy, nang lugng ving cdm cla hé lién
hop FeWO./rGO/g-C3N4 va FeWO/g-CsNs giam di
dang ké so vai vat lieu g-CsNa.

FeWQO4/g-C3N4
FeWO4/RGO/g-C3N4
——g-C3N4
- (a)
=
,.%
;
&)
300 400 500 600 700 800
Budc song (nm)
—— FeWO04/g-C3N4
——FeWO04/rG0O/g-C3N4
——g-C3N4
%.:
<=
E

16 18 20 22 24 26 28 30 32 34 36 38 40 42
Nang luong photon (eV)

Hinh 3: (a) ph& UV-Vis-DRS va (b) Do thi Tauc clia cac
vat liéu
Hoat tinh quang xUc tac cla vat liéu dugc danh gia
qua su phan huy phdm mau RhB dudi buc xa anh sang
nhin thdy va két qua dudc thé hién & Hinh 4. Co thé
thdy, hai hé vat liéu lién hgp FeWO./g-CNs va
FeWO4/rGO(x%)/g-CsNa déu cé hoat tinh quang xuc
tac cao han hgp phéan g-CsN4 dan 1é (Hinh 4). Sau 150
phut chiéu sang, hiéu sudt phan hay RhB cla g-CsNa

dat 89,07%. Trong khi do, hiéu suét phan hay cla cac
vat liéu FeWO4/g—C3N4; FeV\/O4/rGO(5%)/g—C3N4 va
FeWOu4/rGO(2.5%)/g-C3N4 lan luct dat 93,07%, 93,94%
va 99,21%. Ti l1é rGO = 2,5% cho hiéu qua tét nhéat
trong khodng diéu kién khdo sat. Quéa trinh phan huy
RhB cua cac vat liéu tuan theo méd hinh déng hoc bac
nhét Langmuir-Hinshelwood. Céc gia tri K dugc tinh
toan va dua ra trong Bang 1. Co thé thay gia tri K cla
FeWO./g-C3Nyg 16n han 1,21 [an so vdéi vat liéu g-CsNa.
Hai vat liéu FeWQO4/rGO(5%)/g-C3N4 va
FeWO4/rGO(2.5%)/g-C3N4 ¢b K I6n hon 1,27 [an va 2,19
[an so vai vat liéu g-CsNa.
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Hinh 4: Hoat tinh quang xUc tac cla cac vat liéu

Bang 1: Hang s6 téc db phan Uing clia cac vat liéu

Vat liéu K (min)

g-C3N4 0.01230
FeWO4/g-C3N4 0.01484
FeWO4/rGO(2.5%)/g-C3N4 0.02691
FeWO4/rGO(5%)/g-C3N4 0.01558

K&t qua vé hoat tinh xtc tac cta vat liéu la pht hap vdi
két qua cla phé phat quang PL (Hinh 5 a,b). C6 thé
thdy, so vai vét lieu g-CsNa ban dau, kha nang tai té
hap cla cac cap electron va 16 tréng quang sinh dugc
han ché dang ké trong cac hé vat liéu lién hop. Bén
canh dé, két qua cta phé PL trong Hinh 5b cho thay
ré vai tro cla rGO trong viéc han ché téc do téi té hop
cla e va h' clia hé vat liéu.
Phan tram khai lugng rGO trong hé cling anh hudng
dén hiéu suat xuf ly RhB cua vat liéu. Cac két qud cho
thay vat liéu vai 2,5% RGO cho hiéu suét quang xuc tac
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tét nhét. Phé PL so sénh hai ty 1&é rGO 5% va 2,5%
dugc dua ra & Hinh 5b. Kha nang téi t8 hgp cla dién
tr va 16 tréng quang sinh & vat liéu
FeWO./rGOR2.5%)/g-CsNs  1a thdp hon so  vdi
FeWO./rGO(5%)/g-CsNa. Diéu nay cé thé gidi thich
cho két qua hoat tinh xit Iy RhB da dua ra trudc do
(Hinh 4).

——g-C3N4
FewO4/g-C3N4
FeWO04/rG0(2.5% yg-C3N4
FeW04/rGO(5%)/g-C3N4
_ (@)
=
E
"E;
;
(&)
400 450 500 550
Budc song (nm)
FeWO,/g-CN,
FeWO,/RGO(5%)/g-C,N,
FeWO/RGO(2.5%)/g-C,N,
=
E
%
£
o
1
400 450 500 550

Budc song (nm)
Hinh 5: Phé quang phéat quang céc vét liéu (a) g-CsNa,
FeWQO4/g-C3Ng, FeWO4/rGO(x%)/g-C3Ng; (b)
FeWO4/g—C3N4, FeWO4/rGO(x%)/ g—C3N4

Ca ché hoat déng cla hé vat liéu FeWO4/rGO/g-CsN.
c6 thé dugc giai thich nhu sau: khi hé FeWO./rGO/g-
C3Ny4 dugc kich thich bdi dnh séng kha kién, dién tr sé
tach khoi 16 tréng trén ving hoéa tri cla g-C3Ng, di
chuyén dén vung dan va tham gia phan Ung véi O,
hoa tan hdp phu trén bé mat vat liéu va tao thanh géc
O, ngay tai viing dan clia g-CsNa. Trong khi do, khi bi
kich hoat bdi &nh sang nhin thdy, dién ti tir ving héa
tri ctia FeWO, bi tach ra, di chuyén dén vung dan va

cling phan Ung vdéi O, hoa tan sinh ra goc O,". Mét
phan dién t& tUf ving dan clia FeWOs c6 thé chuyén
sang vung hoda tri clla g-CsNy4 theo dang Z lam han
ché sy téi t6 hap cap dién ti - 16 tréng. Su van chuyén
dién tich co thé dugc gia tang khi cé mat rGO. rGO vdi
cu truc lién hgp sp2 va dé linh déng cao c6 thé sé
doéng vai trd nhu mét cau ndi gitta hai vat liéu ban dan,
cho phép tiép nhan va van chuyén dién t& nhanh
chong dé han ché sy tai t6 hgp dién ra. Bén canh do,
16 tréng & vung hda tri ctia FeWO, cling c6 thé tham
gia phan Ung oxi hod H.O, tao thanh gdc tu do HO"
(Hinh 6). Cac g6c tu do hinh thanh s& oxi hod phén
huy RhB.

FeWO, ~OH

Hinh 6: Dé xuat ca ché quang xuc tac phan hiy RhB
trén vat lieu FeWO./rGO/g-C3N,4

K&t luan

Vat liéu xUc tac quang dang Z FeWQ4/rGO/g-C3N4 da
dugc tng hop thanh céng bang phuong phap thuy
nhiét. FeWO./rGO/g-CsN4 thé hién hoat tinh quang
xic tadc phén hay RhB t&t nhat (99,21%) so Vdi
FeWO./g-CsNy (93,07%) va vat liéu g-CsNs don 1é
(89%) sau 150 phudt chiéu sang trong diéu kién kha
kién. Cac két quad dac trung cho théy, cudng do hép
thu anh séng trong vung kha kién dugc cai thién dang
ké va kha nang tai t6 hgp dién tu-16 tréng dugc han
ché t6i da khi t6 hop FeWO, va rGO véi g-CsNa. Trong
do, rGO gilt vai tro quan trong trong hé t6 hop. Vi ty
l& khéi luang t6i uu cho rGO la 2,5%, t6c do tai t6 hap
clia cap e-/h+ dugc han ché rd rét. Cg ché hoat déng
clia hé vat liéu lién hop FeWO4/rGO/g-CsNg cO thé
dugc giai thich theo ca ché chuyén dich dién tr theo
dang Z, trong do rGO lam chét trung gian, dong vai
trd cau ndi van chuyén dién ty, gilp gia tang téc dé
phan tach cap e-/h+. Bay la hé vat liéu tiém ndng, Ung
dung dé xtt ly cac chat httu ¢ 6 nhiém trong diéu kién
anh sang kha kién.
17
https://doi.org/10.51316/jca.2023.003



Vietnam Journal of Catalysis and Adsorption, 12 — issue 1 (2023) 13-18

LSi cdm on

Nghién cltu nay dugc tai trg bdi Quy Phét trién khoa
hoc va cong nghé Quéc gia (NAFOSTED) trong dé tai
ma s6 104.05-2019.336.

Tai liéu tham khao

1.

D. P. Ojha, H. P. Karki, J. H. Song, H. J. Kim, Compos.
B. Eng. 16 (2019) 277-284.
https://doi.org/10.1016/j.compositesb.2018.10.039

J. Wena, J. Xie, X. Chen, X. Li, Appl. Surf. Sci. 391
(2017) 72-123.
https://doi.org/10.1016/j.apsusc.2016.07.030

H. Leiva, K. Sieber, B. Khazai, K. Dwight, A. Wold, J.
Solid State Chem. 44(1) (1982) 113-8.
https://doi:10.1016/0022-4596(82)90407-8

H. Leiva, K. Dwight, A. Wold, J. Solid State Chem.
42(1) (1982) 41-6.
https://doi:10.1016/0022-4596(82)90415-7

N. Lu, P. Wang, Y. Su, H. Yu, N. Liu, X. Quan,
Chemosphere 215 (2019) 444-453.
https://10.1016/j.chemosphere.2018.10.065

N. Fu, Z. Jin, Y. Wu, G. Lu, D. Li, J. Phys. Chem. C 115
(17) (2011) 8586-8593.

10.

1.

12.

13.

https://doi.org/10.1021/jp109718v

B. Yuan, J. Wei, Z. Chu, Chinese J. Catal. 36 (7) (2015)
1009-1016.
https://doi.org/10.1016/51872-2067(15)60844-0

R. Dadigala, R. Bandi, B.R. Gangapuram, V. Guttena,
Nanoscale Adv. 1(2019) 322-333.
https://doi.org/10.1039/C8NA00041G

X. ). Lee, B. Y. Z. Hiew, K. C. Lai, L. Y. Lee, S. Gan, S.
Thangalazhy-Gopakumar, S. Rigby, J. Taiwan Inst.
Chem. Eng. 98 (2019) 163-180.
https://10.1016/].jtice.2018.10.028

S. Sato, T. Arai, T. Morikawa, K. Uemura, T. M.
Suzuki, H. Tanaka, T. J. Kajino, Am. Chem. Soc. 133
(39) (2011) 15240-15243.
https://doi.org/10.1021/ja204881d

X. Wang, L. Zhi, K. Mdllen, Nano Lett. 8(1) (2008)
323-327.

https://doi.org/10.1021/n1072838r

C. Wang, G. Wang, X. Zhang, X. Dong, C. Ma, X.
Zhang, H. Ma, M. Xue, RSC Adv. 8 (2018) 18419 —
18426.

https://doi.org/10.1039/C8RA02882F

W. S. Hummels Jr and R. E. Offeman, J. Am. Chem.
Soc. 80 (1958) 1339.

https://10.1021/ja01539a017

18
https://doi.org/10.51316/jca.2023.003





