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The g-C3N4/CdS composite photocatalysts consisting of cadmium sulfide (CdS)
and graphitic carbon nitride g-C3N4) with a different mass ratio of CdS were
successfully prepared and denoted as CNCS-1:1, CNCS-1:3, CNCS-1:5. The
obtained materials were characterized by X-Ray diffraction (XRD), infrared
spectra (IR), energy-dispersive X-ray spectroscopy (EDS), scanning electron
microscopy (SEM), and UV-vis diffuse reflectance spectroscopy (UV-vis DRS).
The UV-vis DRS results showed that CNCS-1:1, CNCS-1:3 and CNCS-1:5
materials possess bandgap of around 2.31, 2.25 and 2.28 eV, respectively. The
photocatalytic activity of the materials was assessed by degradation of
methylene blue (MB) under visible light. Among the three materials, CNCS-1:3
exhibited the highest photocatalytic activity. The enhancement of
photocatalytic activity of the CNCS-1:3 (or g-C3N4/CdS) composites compared
to single components, g-C3N4 and CdS was observed, which can be attributed
to the reduction of combination rate of photogenerated electron — hole pairs
in the composites.

Gidi thiéu chung

nay co thé lam sach méi trudng bang cach phan hiy
quang xUc tac cac chét hda hoc ddc hai khac nhau [3,

Anh sang mét trdi 13 ngudn ndng luong sach va doi
dao nhét, viéc tao ra cac hé théng quang hgp nhan
tao co thé chuyén déinang lugng mat trdi thanh nhién
lieu hoa hoc da dugc thuc hién. Trong s rat nhiéu
cong nghé dugc dé xudt, cong nghé quang xuc tac
dugc coi la mot trong nhing chién lugc téi vu dé gidi
quyét tinh trang thiéu nang lugng toan cau va 6 nhiém
moi trudng. Mot mat, cdng nghé quang xuc tac cé thé
strdung nang lugng mat trasi dé€ san xudt mot s nhién
liéu hda hoc c6 gia tri nhu hydrogen tu qué trinh
quang phén tach nudc [1], sdn xuét hydrocarbon tu
qué trinh khir carbon dioxide [2]. M&t khac, cong nghé

4]. Chét ban dan sulfide kim loai ¢ nang lugng ving
cdm hep va gia tri ving dan thich hap. Vi vay, loai vat
litu nay dudgc st dung lam chat xic tac quang dudi
vung &nh sang nhin thay [5-8].
Cadmium sulfide la mot véat liéu ban dan ¢ bandgap
hep, khodng 2,17-2,85 eV [9, 10] nén hdp thu t6t anh
sang nhin thdy. Mat khac, vat liéu nay con co kha nang
phan tach cac electron— 16 tréng quang sinh cao, di
chuyén hiéu qua va kéo dai thai gian “séng” clia cac
hat mang dién nén hoat tinh quang xUc tac rat cao. Vi
vay, CdS la mét trong nhitng chat xic tac quang bén
dan ndi bat trong s8 cac sulfide kim loai. Vat liéu nay
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dugc st dung dé thuc hién qué trinh quang xUc tac
phan tach nudc thanh Hz [11, 12] va phan hdy cac mau
chat hitu cg gay 6 nhiém moi trudng nudce [13, 14].
Nham tim ra nhitng phuong phap t8ng hop mdi, dé
thuc hién, hiéu sudt téng hop cao, cling nhu phat hién
ra nhfng vat liéu cd hoat tinh xUc tac quang dudivung
anh sang nhin thdy, trong cong bé nay nhdém nghién
cltu tién hanh téng hap CdS kich thudc nano va bién
tinh vat liéu nay bdi polyme khdng kim loai g-C3N4
bdng phuong phép thiy nhiét tao thanh vat liéu
composite g-C3N4/CdS ¢6 hoat tinh quang xuc tac
VUGt troi.

Thyc nghiém va phuang phap nghién cttu
Héa chat

Cac hda chét dugc st dung trong nghién clru nay déu
dugc mua tU hdng Sigma Aldrich (Blc) bao gom
Cadmium nitrate tetrahydrate (CA(NO3)2.4H20, > 98%),
thioacetamide (C2HsNS > 99%), urea (CO(NH2)2, >
98%), methylene blue (CieH18CIN3SxH20, (= 97%),
ammonium oxalate (DAO, > 99%), 1,4-benzoguinone
(BZQ, 995%), tert-butanol (TB, = 99%), dimethy!
sulfoxit (DMSO, > 99,9%) and ethanol (= 95%). T4t c3
c4c hda chat déuthudc loai cd dé tinh khiét cao.

Phuaong phdp tong hop vt liéu

Téng hgp CdS: Honhap mgam Cd(NO3)2.4H20 va n
gam TAA (thioacetamide C2HsNS) dugc hoa tan trong
100 mL nudc cét va khudy lién tuc trong 30 phdt dén
khi tao thanh dung dich suét. TAA dong vai tro 1a
nguén cung cép S2° dé tao CdS. Dung dich sau do
duagc chuyén vao mot binh cdu va dun hdi luu & 105 °C
trong 30 phut, thu dugc két thia mau vang. Thu két
tla bang cach ly tdm va rlra nhiéu lan bang nudc cat
va ethanol dé loai bd cac cation va anion ¢ thé con
sot lai , sau do lam kho trong td sdy & 70 °C trong 24
gir. Cudi cling, san phdm dugcnung & 350 °C détang
do tinh thé.

Téng hop g-CiN4/CdS: Vat liéu g-C3N4/CdS dugc diéu
ché thong qua phuong phéap hdp thu hda hoc bang
cach siéu am. Cho m gam g-C3N4 phan tan trong 50
ml nudc cat, dem siéu am trong 4 gid. Sau dé cho
thém mét lugng CdS nano da dugcchon theo motti lé
nhat dinh va tiép tuc siéu am trong 2 gic nlra. K&t thic
qua trinh siéu am thu dugc dich huyén phu va tiép tuc
khudy khudy trong 12 gis & nhiét dd phong. San phdm
cubi cling thu dugc bang cach ly tdm va rra nhiéu lan
bdng nudc cat dén pH trung tinh, sau dé sdy khd & 80

°C trong 24 gic. Ty lé khéi lugng clia g-C3N4 va CdS
dugc chon la 1:1, 1:3 va 1:5 tuang Ung dugc ki hiéu
CNCS-1:1, CNCS-1:3, CNCS-1:5. Mau g-G3Na (d€ so
sanh) dugcténg hop & diéu kién nung urea & nhiét do
550 °C.

Phudng phdp ddc trung

Nhiéu xa tia X (XRD) cla cac mau dugc do trén may
Brucker D8 Advance, 6ng phét tia X bang Cu c6 budc
séng A=1,540 A, dién &p 30 kV, cudng dé dong éng
phat 0,01 A. Phd héng ngoai (IR) clia mau vét liéu dudc
ghitrén may GX - PerkinElmer. Phé tanxa nang lugng tia
X (EDS) va anh hién vidién tir quét (SEM) dugcdo trén
may Nova Nano SEM 450. Phé UV-vis DRS dugc do
trén may GBC Instrument—2885 budc song tUr 200 dén
800 nm. Nong dé dung dich MB dudgc xéac dinh bang
phuang phap do quang trén may UV-vis Jenway 6800.

Khdo sdt hogt tinh xuc tdc quang

Noéng dé dung dich MB phéan hdy trong qué trinh
quang xUc tac & cac thai diém khac nhau dugc xac
dinh dua trén dudng chuédn dugc thiét 1ap bdi mdi
quan hé gitta dé hép thu theo ndng dé trén may UV-
vis Jenway 6800, tai budc song 663 nm. Hiéu sudt phan
hiy MB clia cac vat liéu dugcxac dinh theo cong thic
H= %xw 00%

0

trong do, Co 1a ndng dé dau clia MB tai thai diém dat
can bang hédp phu — giai hdp phu va Ct la nbng d6 MB
tai tUng thai diém khdo sat.

K&t qua va thao luan
Ddc trung vat liu

K&t qua nhiéu xa XRD clia cac mau vat liéu composite
g-C3N4/CdS va g-C3N4, CdS dudgc trinh bay & Hinh 1.
TU Hinh 1 cho thdy, cac nhiéu xa riéng biét tai 20 =
26,64; 43,94 va 51,92° tuong Ung vd&i cac mat (111),
(220) va (311) dac trung cla CdS céu tric lap phuong
tam dién [15, 16, 17]. Mau g-C3N4 tinh khiét c6 peak
nhiéu xa dac trung & 26 = 13,24 va 27,34° tuang Ung
vai mat (100) va (002) [18, 19, 20]. Nhiéu xa nay dac
trung cho cac don vi cdu trdc tri-s-triazine clla g-C3Na.
Nhiéu xa XRD clia cac mau CNCS-1:1, CNCS-1:3 va
CNCS-1:5 hién thi day du cac nhiéu xa dic trung cla
g-C3N4 va CdS. Bac diém nay thé hién kha 16 nét doi
v&i mau CNCS-1:3. Day la két qua kha trung khdp vdi
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cadc cong trinh cong bd trudc day vé vat lieu g-
C3Nz/CdS [21, 22, 23]. Ngoai ra, trong mau nay khdng
quan sat thdy nhiéu xa clia cac chat khac. Diéu nay xac
nhan rang, cac mau CNCS-1:1, CNCS-1:3 va CNCS-1:5
gom hai thanh phan la g-C3Na va CdS.
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: JL
=
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— \%
3 i \% v
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Hinh 1: Gian dd XRD clia cac mau composite va g-
(3N, CdS

Tiép tuc dac trung phS IR clia cac mau, két qua dudc
tinh bay & Hinh 2. Phé IR cla cac mau CNCS-111,
CNCS-1:3 va CNCS-1:5 hién thi day dd dao dong dac
trung cla g-C3N4 tinh khiét Ung vdi cac s6 séng 810
cm, 1250-1632 cm™!, 3000-3300 cm!. Péy la cac dao
déng dac trung cla lién két C-N trong vong thom

IMS-NKL 5.0kV 4.9mm x100k SE(M)

Anh SEM & Hinh 2b clla m3u CNCS-1:3 I3 cac hat hinh
cau c6 kich thudc tuong duong CdS (Hinh 2a) tinh
theo thang do, vao khoang 50 — 100 nm. Ngoai ra, tu
anh nay con cho thdy cac hat hinh cau clia mau CNCS-
13 1a khong 16 nét. Diéu nay cé thé 1a do mdt mang
mong g-C3N4 bao boc CdS trong thanh phan cla

triazine, lién két C-N ngoaivong tham, lién két C=N hé
lien hgp T trong vong tham va cla cac amine thd cap,
sG cap tuang Ung [19, 20, 24]. Ngoai ra, su xuat hién
cac dao déng & s6 song khoang 1533 cm, 1457 cm™,
1129 cm va 711 cm™" 1a do sy dong gdp cla lién két
Cd-S [23, 25, 26]. Nhu véy, cac lién két trong CNCS-11,
CNCS-1:3 va CNCS-1:5 bao gom lién két clia g-C3N4 va
CdS. Bac biét, cling nhu két qua thu dugc tir nhiéu xa
XRD, nhitng tin hiéu nay cling thé hién rd nét hon &
mau CNCS-1:3.

Do truyén qua (%)

e S —
4000 3600 3200 2800 2400 2000 1600 1200 800 400
S6 séng (cm™)

Hinh 2: PhS IR clia cac mau vat liéu composite va g-
C3Ng4, CaS.

Tu két qué thu dugc & dac trung XRD va IR, nhém
nghién cu chon mau CNCS-1:3 dé khdo sat cac dac
trung tiép theo.

IMS-NKL 5.0kV 4.9mm x100k SE(M)
Hinh 3: Anh SEM clia vat liéu CdS (a) va mau vat liéu CNCS-1:3 (b)

composite g-C3N4/CdS. D& cd nhitng can ¢ xac thuc
hon, mau tiép tuc dudc dac trung EDS va EDS-
mapping. K& quad dugc trinh bay & Hinh 3. Vé mat
dinh tinh, mau CdS chi xudt hién peak clia hai nguyén
t6 Cd va S. Trong khi d6, mau CNCS-1:3 xut hién
dong thai peak clia 4 nguyén té la C va N (cla g-
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(3N4); Cd va S (cta CdS) ma khdong thdy xudt hién
peak clia bat ki nguyén té nao khéac.

TU két qud EDS-mapping cho thdy, su phan bé cac
nguyén té trong mau vat liéu CNCS-1:3 vaimat dd kha
déng déu. Diéu nay ching té, thanh phan clia g-C3N4

L

Atomic%
51.86
48.14

Weight%
23.51
. 76.49
. 100.00

" T ¥ T
3 4 H 6
Cursor 16 445 heV (S cts

va CdS trong CNCS-1:3 la khd ddng nhét. Nhu vay, co
thé khang dinh, CNCS-1:3 chi gdm cac nguyén t6 C, N,
Cd va Sma khong co bét ki nguyén té nao khac. Va dé
tién theo doi, mau vat liéu CNCS-1:3 dudc goi tén
composite g-C3N4/CdS.

Atomic%
17.08
9.56
38.62
34.74

2 Weight%
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) 244
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Ph& UV-vis DRS clia cac vét liéu dugctrinh bay & Hinh
4. Vung hap thy anh sang clia cdc mau composite g-
C3N2/CdS (Hinh 4a) b hdp thu ndm han vé vung anh
sang khd kién (A>500 nm). Trén ¢ s& cla phuang
phap dac trung nay, ndng lugng vung cdm (Hinh 4b)
clia cac mau CNCS-1:1, CNCS:1:5 va g-C3N4/CdS cling

Hinh 3: Phé EDS clia CdS (a) va phé EDS-mapping clia g-C3N4/CdS (b)

dugc xac dinh, bang 2,25; 2,28 va 2,31 eV tuong Ung.
Vi gia tri nang lugng vung cdm bang 2.25 eV va su
tac dung hiép trg clia cac thanh phan trong composite
g-C3N4/CdS, khd ndng hédp thu anh sang kha kién dé
tang t6c qué trinh phan tach cdp electron—6 tréng
quang sinh dugcdy doan la dé dang.
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Hinh 4: Ph& UV-vis DRS (a) va nang lugng ving cam (b) clia cac mau vat liéu CNCS-1:1, g-C3Na/CdS va CNCS-1:5
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Ddnh gia hogt tinh xuc tdc quang

Dung lugng hép phy, hoat tinh xtc tac quang, déng
hoc clia qua trinh phan hty MB (10 mg/L) b&i cac vat
liéu dugc trinh bay & Hinh 5. Tu Hinh 5a cho thay,
dung lugng hdp phu MB clia cac vét liéu tang trong 90
phit dau, sau thdi gian nay gia tri nay gén nhu khéng
thay d6i. Do vay, thai gian dat can bang hép phu-giai
hdp phu cla cac vat liéu dugc chon la 90 phut. Néng
dé dung dich MB tai thai diém nay dugc ki hiéu la Co,
day clng la nbng dé MB bét dau khdo sat hoat tinh
xUc tac quang (thdi diém bét du chiéu sang). O Hinh
5b, composite g-C3N4/CdS c6 hoat tinh xUc tac quang
vuat tréi so vai g-CsNa va CdSriéng 1é. Cu thé, sau 210
phit chiéu sang, hiéu sudt quang phan hly MB bdi
composite g-C3N4/CdS dat 82,93%.

Trong khi do hiéu sudt quang phan hiy MB cla g-

composite g-C3N4/CdS. Tac dung hiép trg da han ché
dugc qué trinh tai t6 hop electron — 16 tréng quang
sinh thusng xay ra trong vat liéu ban dan riéng 1é.

M6 hinh Langmuir — Hinshelwood cling dugc ap dung
dé danh gid dong hoc clia qua trinh quang xuUc tac
phan hly MB (Hinh 50).
In So kKt =k't

Ct
V&ik' lahang s6 t6cdé biéu thi cho mic dé phan huy
MB. O Hinh 5¢, t6c d6 phan hly MB cla cac vat liéu
tuan theo phuang trinh déng hoc bac 1, véi hé sé hoi
quy khé cao R? > 0.995. Hang s6 t6c do k' tuong Ung
vdi qua trinh quang xUc tac cla tung vat liéu dugc
trinh bay & Bang 1.
Bang 1: Hang s& téc d6 phan ng clia cac vat liéu ban

dan g-C3N4, CdS va g-C3N4/CdS

(3N4 chi dat 27,93% va CdS dat 6833% & cung diéu Vat liéu g-CG3N4  CdS g-C3N4/CdS
kién khdo sat. Su tang cudng hoat tinh xUc tac quan Hang s& t6c do
, . g iong i xHe fae quang 9 > 0001 0005 0008
cla composite g-C3N4/CdS dugc giai thich la do tac k' (hM
dung hiép trg clia g-C3N4va CdS xay ra trong vat liéu
(a) . o iy (b) (©
,.,6- ./?’_“' —_— = —n 1.6 —g-C3N4/CdS
\g /./5~l—l—n—. 0.8
E R AN "
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Hinh 5: Dung lugng hdp phu (a), hoat tinh xtc tac quang (b) va déng hoc qua trinh phan hiy () MB (10 mg/L) bdi
céc vatliéu CdS, g-C3Nava CNCS-1:1, g-C3Na/CdS, CNCS-1:5 (chiéu xa bdiden LED-30W, lugng xtc tac 0,05 gam)

TU cac giatri k' cho biét, composite g-C3N4/CdS c6 té¢
dd phan hdy MB kha I6n so vdi cac vat liéu CdS va g-
(3N4 riéng lé. Cu thé, t6c dé phan hiy MB bdi
composite gap 1,6 1an so vai CdS va gap 8 1an so vdi
g-C3Na. K&t qua nay mét lan nita khang dinh, hoattinh
xUc tac quang cla composite g-C3N4/CdS dugc tang
cudng vugt trdi so vdi cac vat liéu g-C3N4 va CdS.

K&t ludn

Composite g-C3N4/CdS da dugcténg hgp thanh cong .
San phdm dugcdactrung va xac nhan bdicac phuong
phan tich hoa ly hién dai nhu XRD, IR, EDS-mapping,
SEM. Vung hédp thu &nh sang kha kién va nang lugng
ving cdm cla vat liéu nay cing dugc xac dinh bang
phé UV-vis trang thai ran. Su phan hay va déng hoc

cla trinh phan huy MB (10 mg/L) bdi vat liéu g-
(3N4/CdS cling dugc khdo sat, tat cd déu thé hién su
VUGt tréi vé hoat tinh xic tdc quang clia composite g-
(3Na4/CdS so vdi cac vat liéu ban dan riéng lé.

L&i cAm cn

Cac tac gid chan thanh cdm on dé tai cdp B6 ma sé
B2021-DQN-05 d3 tai trg mot phan kinh phf cho viéc
thuc hién bai bao nay.
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