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Tom tat: Trong bai béo nay, vat litu quang xtc tac da thanh phan
CdM004/C3N#/GO da dugc tong hop bang phuong phap gian tiép. Anh
huong cua dung méi, ty 1& khdi lwong g-CsN4:GO va ham luong CdMoO,
dén cau trdc caa vat liéu da duoc khao sat. Vat liéu tong hop duoc dic trung
bing phuong phap XRD va EDS. Két qua dic trung va thuc nghiém cho
thiy, CdMoO, da dugc phan tan thanh cong Ién t6 hop chat nén g-CsNy4 va
graphene oxide (GO). Dung méi nuéc khdng thich hop dé tong hop vat liéu
CdMo004/C3N4/GO, trong khi dung mdi methanol va ethanol thich hop dé
téng hop vat liéu nay. Ty 1& khdi lugng CsN4:GO = 2:1 1a thich hop cho su
phan tan tt nhat cuaa CdMoO,. Do phan tan cua CdMoO, trén vat liéu nén
phu thudc vao ham lugng caa no. Vat liéu CdMoO4/CsN4/GO thé hién hoat
tinh quang xuc tac cao trong phan ung phan huy RhB dudi tac dung ctaa anh
sang kha kién. Hiéu suat phan huy phu thudc vao ty 1¢ khéi luong CsN4:GO
va ham lwgng CdMoO..

Tw khoa: CdMoO., g—C3Na, Graphene oxide, vat liéu quang xlc tac,
Rhodamine B.

1. MO PAU

Str dung xtc tac quang dé xir Iy chat hitu co khé phan huy gay 6 nhidm méi truong la
mot trong nhimg phuong phap thu hat dwgc sy quan tam cia nhiéu nha khoa hoc trén
thé giGi bai vi day 1a mot phuong phap vira kinh té, vira than thién véi méi truong. Mac
dd nhiéu chét xuc tac quang di duoc nghién ciu va cong bd [1-3], nhung viéc nghién
ctiu tim kiém céc chét xuc tac quang maéi véi hoat tinh xiic tac cao va don gian trong
t6ng hop ludn la thach thirc cua cac nha khoa hoc. Trong thoi gian gan day, su xuét hién
cua vat lieu ban dan g—C3Na, mot loai vat liéu c6 cau trac tuong tu graphite, c6 ning
luong ving cim hep [4] va graphene oxide (GO), mét loai vat liéu ¢6 cau tric l6p tuong
tu g-C3Ns; nhung dién tich bé mat 16n hon nhiéu va dic biét 1a kha nang dan dién t6t [5]
d3 md ra huéng nghién cau méi trong tong hop chat xdc tac quang. Nhiéu chat xdc tac
quang dua trén co so cia g-CsNa va GO da duoc cdng bé [2, 3, 6, 7].

Theo huéng nghién ctu nay, nhom ching t6i ciing da tong hop thanh cong vat lidu
guang xtic tic da thanh phan CdM0O4/CsN4/GO bang phuong phap gian tiép [8]. Panh
gia budc dau cho thay, vat liu CdMoO4/C3N4/GO tong hop thé hién hoat tinh quang
xuc tac cao hon so voi cdc vat ligu CdMoO4/C3N4 hay CdMoO4/GO trong phan ng
phan huy RhB duéi tac dung cua anh sang kha kién.

Tiép theo két qua do, trong cong trinh nay, cc yéu to anh huong dén ciu tric cua vat
liéu quang xuc tac da thanh phan CdMo00O4/C3N4/GO da dugc khao sat dé qua do tim
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dugc diéu kién thich hop trong tong hop vat liéu dam bao tinh 6n dinh vé cau tric ciing
nhu hoat tinh xdc tac cao.

2. THUC NGHIEM

2.1. Hoa chat

Hoa chit dugc sir dung trong nghién ciu ndy gom: Graphite (Merck), KMnO4 (Merck),

Cd(NOs3)2 (Merck), NazMoOs (Merck), NaNOs (Xilong), urea (Xilong), H2SO4 (xilong),
H.0> (Xilong), HCI (Xilong), methanol (Xilong), ethanol (Xilong) va rhodamine B (Merck).
2.2. Tong hep vat ligu

Trong nghién ctu nay, GO duoc tong hop theo phuong phip Hummers cai tién tir
graphite va g—CsNa duoc tong hop tir urea bang phuong phap nhiét phan da duoc chiing
t6i cong bd trude day [8, 9]. Vat li¢u da thanh phan CdM004/GO/CsN4 dugc téng hop
bang phuong phap gian tiép qua 2 giai doan nhu chung t6i da cong bd theo cong trinh
[8]. Giai doan 1, CdM0O; duoc tong hop bang phuong phép thuy nhiét. Giai doan 2,
hoa tan mot lwong g—CaN4 va GO cd ty ¢ theo tinh toan vao dung moi, sau do siéu am
hén hop trong thai gian 30 phat. Thém mot lwong CdMoOQ4 thich hop vao hon hop sau
khi siéu am va khudy trong thoi gian 6 gio & tbe do 250 vong/phat. Ly tam lay chat ran,
say kho & 80 °C thu duoc san pham vat liéu da thanh phan CdMoO4/CsN4/GO. Trong
nghién ctru ndy, anh huong cua dung moi, ty 1¢ khdi luong g—C3Na: GO va ham luong
CdMoO; dén cau trdc vat liéu tong hop da dugc khao sét.

2.3. Pic trung vat ligu tdng hep va thir hoat tinh quang xuc tac

Ph6 XRD duoc ghi trén may nhiéu xa Ronghen VNU-D8 Advance (Bruker, Germany),
sir dung ngudn birc xa CuKe véi budc song 4= 1,5406 A, goc quét 26 trong khoang
5-80° va pho EDX duoc do trén may SEM JED 2300.

Hoat tinh quang xuc tac cua vat lidu tong hop duoc danh gid qua sy phan huy
rhodamine B (RhB) tir dung dich nuge. 100 mL dung dich RhB (30 mg/L) dugc cho vao
cdc loai 250 mL, thém vao d6 20 mg xuc tac va boc kin. Dung dich dwoc khudy 2 gid
trong bong téi & 30 °C dé qua trinh hip phu dat can bang. Sau d6 dung dich duoc chiéu
sang bang deén halogen (250 W), ¢6 kinh loc tia UV. Nong dé cua RhB trudc va sau khi
chiéu sang duogc xac dinh bang may quang phd UV-Vis Jenwway 6715. Hiéu suat phan
huy RhB duoc tinh theo cong thic sau:

-C,
.100%

trong d6, Ci (mg/L) va Cr (mg/L) 12 ndng d6 RhB trudc va sau khi chiéu sang.
3. KET QUA VA THAO LUAN

3.1. Khao sét c4c yéu té anh hwong dén cau tric caa vat ligu téng hop
3.1.1. Anh hwrong cua dung moi

C
H (%) = —

Dung mdi anh hudng dén kha nang phén tan vat liéu nén cling nhu kha ning phan tan
cua CdMoOs Ién vat liéu nén dé hinh thanh vat liéu composite. Vi vay, anh huéng cua
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dung méi da dwoc khao sat. DE khao sat anh huong cia dung méi, ty 1¢ khdi luong g-
C3N2:GO dugc giit khong d6i 12 2:1-va ham luong CdMoO; 1a 20% (khéi lwong). Céc
dung méi duoc khao sat gom ethanol, methanol va nuéc. Hinh 1 1a gian dd XRD cua
cac mau vat liéu tong hop trong ba dung méi khéc nhau.
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Hinh 1. Gidn do XRD cua cac vt liéu tong hop véi dung mdi khac nhau
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Tir cac gian d6 nhiéu xa tia X thu duoc cho thay cac mau vat liéu CdMoO4/CsN4/GO
téng hop voi cac dung mdi methanol, ethanol va nuwéc déu xuat hién peak tng vai goc
26=10,5° dac trung cho chat nén GO [5], cac peak ang voi goc 26=13,1° va 27,6° dic
trung cho chat nén g—CsNas [4]. Dleu nay cho thdy qua trinh bién tinh vat liéu boi
CdMoO4 phan nao van giir dugc cau tric cua hai vat liéu nén. Tuy nhién, cac peak dac
trung cho CdMoO4 thi ¢6 sy khac nhau. Mau CdMo0O4/CsN4/GO tong hop véi dung moi
ethanol va methanol kha twong ty nhau. Trén gian d6 xuat hién cac peak & cac goc
nhiéu xa 20 = 29,2°; 31,5°; 34,7°; 47,9°; 49,8°; 58,9°; 60,4° va 77,8°, tuong (rng V&i Cac
mat phan xa (112); (004); (200); (204); (220); (312); (224) va (316) dac trung cho
CdMoOq [6, 10]. Béi v6i dung méi nudc, ngodi peak chinh & mat phan xa (112), cac
peak dic trung khac cia CdMoO4 hodc ¢ cudng d6 thap hoic khong rd rang. Nhu vay,
c6 thé thiy dung mdi methanol va ethanol thich hop cho viéc tong hop vat liéu da thanh
phan CdMo004/C3N4/GO, con dung méi nude khong thich hop dé tong hop vat liéu nay.
Két qua nay ciing pht hop vai cac nghién ciu trude day vé tong hop vat liéu quang xuc
tdc CdMo0.4/g-C3N4 cua L. Zao va cong su [6], hay vat lieu CdMoO4/GO cua S. R.
Kadam va cong su [7]. L. Zao va cong su di st dung dung mdi methanol khi tong hop
CdMo004/g-CsNa, trong khi S. R. Kadam va cong su lai sa dung hon hop dung moi
methanol va ethylen glycol trong téng hop vat liéu CdMoO4/GO.

Trong hai dung moi etha{lol va methamorl, dpng moi methanol doc hai hon, do d6 dung
moi ethanol duoc chon dé khao sat c4c yéu to tiep theo.

3.1.2. Anh hwéng cia ty 1¢ C3N4/GO
Ti 1¢ khéi luong g-CsN4:GO dugc khao sat dé tim diéu kién tot nhat cho sy hinh thanh
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composite CdM004/C3N4/GO. Trong nghién ctru nay, dung méi dugc str dung la ethanol,
ham luong CdMoOq4 1 20% (khdi lwong). Céc tsd 16 khdi luong g-CsN4:GO duoc khao
sat la 1:1, 2:1, 3:1 va 4:1, ky hiéu mau tuong ung 1a TL11, TL21, TL31 va TL41. Cac
mau duoc dic trung béng nhidu xa tia X va két qua duogc trinh bay trén hinh 2.
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Hinh 2. Gidn do XRD cua cac mau tong hep véi ti 1¢ g-CsN4:GO khac nhau

Tir cac gian d6 nhiéu xa tia X thu duoc cho thdy cdc mau vat liéu CdMo0O4/CsN4/GO
tong hop vai ti 16 g—CsN4:GO khac nhau déu xuat hién cac peak dic trung cho chat nén
g—C3Ns va GO nhu di trinh bay ¢ trén [4, 5]. Ngoai ra, trén cac gian @5 XRD con xuat
hién céc peak & cac goc nhiéu xa 26 = 29,1°, 31,5°; 34,8°; 47,9°; 49,9°; 55,3°; 58,9°;
60,6°; 77,6° dic trung cho CdMoOy4 [6, 10]. Tuy nhién, cac peak nay xuat hién khong
ddng déu trong ca 4 mau vat lidu tong hop. Mau vat liéu tong hop Vi ti 16 g—C3N4:GO
= 1:1 xuét hién cac peak khong rd rang va cuong do thap. Cac mau co ti 1é g—C3Na:GO
> 2:1 xuét hién kha day du va rd rang cac peak dic trung cia CdMoO4, trong d6 mau
Vi ti 16 g—CsN4:GO = 2:1 xuét hién cac peak day du va rd rang nhat. Biéu nay cho
thay, ti 1& vat liéu nén c6 anh hudng dén cau trdc cua vat liéu composite tong hop. Ty 1é
khdi lugng g—C3N4:GO = 2:1 dugc chon dé tong hop vat liéu da thanh phan véi cac
ham lIuvgng CdMo0O4 khéc nhau.

3.1.3. Tong hep méu véi ham lweng CdMoO4 khéc nhau

Anh huong cua ham lwong CdMoOs ciing duoc khao sat. Cac mau tong hop trong dung
méi ethanol, ty 1& khdi lugng g—C3N4:GO = 2:1 va ham lugng CdMoO4 lan lugt 1a 10,
20 va 30 % theo khéi lwong. Cac mau duoc ky hiéu twong (ng véi ham luong l1a HL10,
HL20 va HL30.

Tuong ty nhu da trinh bay & trén, két qua nhiéu xa tia X thu duoc & hinh 3 cho thay cac
mau vat liéu CdMo04/C3N4/GO tong hop véi ham lugng CdMoOs khac nhau déu xuat
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hién cac peak dic trung cho vt liéu nén g-CsNs hay GO ciing nhu céc peak dic trung
cho CdMoOy; [4-6, 10]. Tuy nhién, ham lwong CdMoO4 ¢6 anh hudng dén sy phan tan
ciia CdMoOy trén vat liéu nén. Mau véi ham luong CdMoO4 = 10% xuit hién cac peak
dic trung voi cudng d6 thap va khong rd, trong khi cac mau voi ham luong CdMoOyq
I6n hon (20 va 30%) su Xuat hién cac peak dic trung rd rang hon. C6 thé & ham luong
thip, CdMoOs bi phan tan manh lam giam kich thuéc hat do 6 kho phat hién duoc
trong XRD. Dé kiém tra diéu nay, kich thuéc hat CdMoO, di duoc tinh théng qua
phuong trinh Scherrer [11] dya vao peak didc trung chinh ung voi mat (112). Két qua
duoc trinh bay ¢ bang 1.
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Hinh 3. Gidn do XRD cia cac mau tong hop véi ham lwong CdMoO, khac nhau

Bang 1. Kich thuéc tinh thé CdMoO, trong cac composite tong hop véi ham lwong CAMoO,
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Nhu vay, tinh thé CdMoOa phén tén trén chat nén déu dat kich thuéc nano, tuy nhién, &
ham lugng CdMoO4 10% kich thudc cua cac tinh thé CdMoO4 nho hon so véi cac ham
luong I6n hon.

Dé kiém tra su c6 mat cua cac nguyén té co trong vat liéu tong hop, mau vat liéu véi
ham luong CdM0oO4 10% duoc déc trung bang phuong phap EDX. Két qua ¢ hinh 4
cho thdy mau vat liéu téng hop chira day du cac nguyén té cd mat trong vat liéu
composite da thanh phan CdMo004/C3N4/GO, d6 1a: Cd, Mo, C, O va N.

Tir cac khao sat trén 6 thé thy, dé tong hop vat liéu da thanh phan CdM0O4/CsN4/GO
c6 do tinh thé cao can tien hanh trong dung mdi methanol hoac ethanol, ti 1€ khoi lwong
g-C3N4:GO = 2:1 va ham lugng CdMo00O;4 > 20%.

2. Panh gi4 hoat tinh quang xuc tac caa vat liéu téng hop

Hoat tinh quang xuc tac cua cac mau tong hop dugc danh gia thong qua phan tng phan
huy RhB duséi tac dung cua anh sang nhin thay. Hinh 5 trinh bay hi¢u suat phan huy
RhB cua cac mau vat liéu vai ty 1€ khoi lugng g-CaN4:GO khac nhau.

oy 7132 69,78
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Hinh 5. Hiéu suat phan huy RhB cua cac mau vt liéu tong hop véi ty 1é khoi liong g-CaNa: GO
khac nhau

Két qua ¢ hinh 5 cho thay, vat liéu da thanh phan CdMo00Q4/C3N4/GO tong hop thé hién
hoat tinh quang xuc tac tdt trong phan tng phan huy RhB dudi tac dung cua anh sang
nhin thdy. Hiéu suat phan huy dat 74,6% sau 240 phat d6i véi mau TL21. Hoat tinh xtc
tac phu thudc vao ty 1é khéi lwong g-CaN4:GO. Hoat tinh xdc tac tang khi tang ty & khdi
lwong g-CaN4:GO tir 1:1 18n 2:1, tuy nhién, hoat tinh lai giam nhe khi tiép tuc tang ty 18
nay Ién 3:1 va 4:1. Nhu da trinh bay trong nghién ciu truge ddy [8], g-CsNa la chat ban
dan co nang lugng ving cim hep, viéc thém g-CsNs vao hé s& 1am giam ning luogng
viing cam cua vat liéu composite tong hop nén vat liéu thé hién duoc hoat tinh quang
xUc tac trong ving anh sang nhin thay. Trong khi GO c6 dién tich bé mit 16n va c6 kha
ning dan dién cao sé ting kha ning phan tan cia CdMoO, 1én vat ligu ciing nhu 1am
giam su tai két hop gitra electron va 15 tréng quang sinh. Vi thé, khi tang ti 18 g-
C3N4:GO lac dau hoat tinh tang cé thé 1a do sy giam nang lugng ving cam. Tuy nhién,
sau d6 hoat tinh xtc tac lai giam, c6 thé lGc nay dién tich bé mit giam va do dan dién
giam (do ti 16 GO:g-CsN4 giam) da 1am ting kha ning tai két hop giita electron va 15
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tréng quang sinh [8]. N6i céch khac, ty 1¢ g-CsN4:GO = 2:1 la thich hop dé vat liéu tong
hop c6 hoat tinh cao nhat.

Hoat tinh quang xdc tac cua cac méu CdMo004/C3N4/GO vaéi cadc ham Iugng CdMoO4
Kh&c nhau ciling dugc khao sét va két qua dugc trinh bay trén hinh 6.
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Hinh 6. Hiéu suat phan huy RhB cuia c&c mau vat liéu tong hop véi ham lwong CdMoO, khéc nhau

Bang 2. Hiéu sudt phan huy RhB cia mét sé vat liéu quang xuc tac

Hiéu suat phan huy

(%) TLTK

Vit ligu Piéu kién thi nghiém

- Pham nhugm: RhB, V = 62,5 mL, C
=15 mg/L

- Luong chét xdc tac: —
CdSe/rGO - Thoi gian khudy: trong t6i: 60 phit;
chiéu dén: 240 phut
- Bén: Halogen 500 W

83 [2]

- Pham nhuém: RhB, V =50 mL, C
=10 mg/L

- Luong chét xdc tac: 15 mg

- Thoi gian khuay: trong téi: — ; chiéu
den: 180 phut

- Pén: Xenon 300 W

TiO2/N-graphene 96 [3]

- Pham nhuom: RhB, V =—, C=10°M
- Luong chat x(c tac: 50 mg

- Thoi gian khuay: trong téi: 30 phut ;
sanh sang mat troi: 180 phit

Rh-TiO; 95 [12]

- Pham nhuém: RhB, V =100 mL, C =
30 mg/L

- Luong chat xdc tac: 20 mg

- Thoi gian khuay: trong téi: 120 pht;
chiéu dén: 240 phat

- Bén: Halogen 250 W

Nghién
79 cuu
nay

CdMOO4/C3N4/GO

Ghi cha: ky hi¢u “=nghia la khdng c6 théng tin
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Két qua & hinh 6 cho thay, hiéu suat phan huy RhB ting nhanh tir 42,89 % Vi mau co
ham luong CdMoO4= 10% lén 74,60% véi mau c6 ham luong CdMoO4 = 20% sau 240
phat phan &ng- nhung sau d6 hiéu suét chi ting nhe 1&n 78,82 % Vi mau c6 ham lugng
CdMo0Os = 30%. Hoat tinh quang x(c tac cua vat liéu tong hop phu thudoc vao ham
luong chat ban dan CdMoOs nén khi ham luwong CdMoOs ting thi hoat tinh xuc tac
tang. Bén canh do, viéc ting ham lugng ciing lam tang kich thudc tinh thé CdMoO4 nén
lam ting bé mit tiép xlc gitta CdMoQ4 va cac chat nén, lam phaét sinh nhiéu electron va
15 tréng quang sinh hon, do dé ciing gop phan 1am ting hoat tinh. Tuy nhién, néu ham
luong CdMoOs 16n qua cd thé lai 1am ting ning lwong ving cdm va do d6 lam giam
hoat tinh quang xuc tac trong viing anh sang nhin thay. Vi thé, khi ham luegng CdMoO4
tang tir 20% dén 30% thi hoat tinh tang khong dang ké. Véi hiéu suat phan huy dat
khoang 79%, vat liéu composite tong hop ciing da thé hién hoat tinh quang xuc tac khé
cao néu so vai mot sb chat xdc tac quang hoé khac da cong bd nhu trinh bay & bang 2.

4. KET LUAN

Pa nghién cau cac yéu té anh huong dén ciu tric caa vat liéu quang xuc tic da thanh
phan CdMo004/C3N4/GO duoc tong hop bang phuong phap gian tiép nhu: dung méi, ti
18 khéi Iwong g-CsN4:GO va ham lugng CdMoOa. Két qua cho thay, dung mdi methanol
va ethanol thich hop dé tong hop vat liéu, trong khi dung méi nuée khong thich hop. Ti
1& khdi lugng g-CsN4:GO = 2:1 1a thich hop cho su phan tdn CdMoO; tét nhat. Ham
lugng CdMoO4 anh hudng dén do phan tan caa CdMoOy4 trén vat liéu, ham luong ting
d6 phan tan giam. Vat lieu CdMoO4/GO/C3N4 thé hién hoat tinh quang xUc tac cao
trong phan tng phan huy RhB dudi tAc dung cta anh sang kha kién. Hiéu suat phan huy
phu thudc vao ti 18 khéi luong g-CsN4:GO va ham lugng CdMoO..
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Title: SYNTHESIS OF CdMoO4/C3N4/GO MULTI-COMPONENT PHOTOCATALYST:
INVESTIGATION OF FACTORS AFFECTING THE STRUCTURE OF MATERIALS

Abstract: In this paper, the CdM004/C3N4/GO multi-component photocatalyst was synthesized
using the indirect method. The influence of solvent, mass ratio of g-CsN4:GO and content of
CdMoO4 on the structure of the materials were investigated. The obtained samples were
characterized by the X-ray diffraction (XRD) and the energy-dispersive X-ray spectroscopy
(EDS). The experimental results showed that CdMoO, was successfully dispersed onto the
matrix g-CsNa and graphene oxide (GO). Aqueous solvent was not suitable for synthesizing
CdMo00O4/C3N4/GO heterojunctions, while methanol and ethanol solvents were suitable. The
mass ratio of g-CsN4/GO = 2:1 was the best for the dispersion of CdMoQO, over the matrix.
CdMo04/C3N4/GO heterojunctions exhibited high photocatalytic activity in rhodamine B
degradation under the visible light. The degradation efficiency depended on the g-C3;N4:GO
mass ratio and the CdMoO. content.

Keywords: CdMo0O., g—CsN4, Graphene oxide, photocatalytic material, Rhodamine B.



