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Tém tit: Vat lidu xiic tic quang hoat dong trong viing 4nh sang kha kién ngay cang duoc quan
tam trong viéc xu ly mdi trudng. Trong bai bdo nay, cdc vat li€u composit xic tdc quang nWS,/g-
C5N, v6i ti 18 ham lugng WS, va g-C3N, khdc nhau dugc tong hop bang phwong phap don gian
boi viéc nung hdn hop H,WO, va thioure v&i céc ti 18 khdi lugng khic nhau, trong d6
n= mthwure/mszm Cac vat liéu composu dugc dac trung boi cac phuong phap nhiu xa tia X,
kinh hién vi dién tur quet két hop pho nhiéu xa dién tir tia X, hién Vl dién tir truyén qua, phd hong
ngoai, Raman. Cac két qua chi ra ring céc composn bao gdm cdc tAm nano WS, dugc bao boc boi
g-C3N, va ham luong twong ddi WS, trong cdc miu composit giam khi n ting. Tét ca cdc composit
déu c6 hoat tinh xiic tic quang phan hity xanh metylen trong dung dich nudc, trong d6 mau twong
g véi n = 10 1a t5t nhat. Hidu g cong hop giita hai ciu tir WS, va g-C3N, trong xtc tic quang

da duoc quan sat.

Twr khod: WS,, g-C3N,4, composit WS,/g-C;N,, xanh metylen, xic tdc quang.

1. Téng quan

Nhitng nim gan ddy, vin d¢ 6 nhiém méi
trudng ngay cang tré nén nghiém trong & mirc
do6 toan ciu. Viéc gia ting dan sd va phit trién
cong nghiép da din dén viéc thai ngay cang
nhiéu chit ddc hai vao mdi truong. Cac chét
doc hai nay cé thé gdy nén cic bénh tat va lam
bién d6i khi hau toan cau. Trong sd cic chat
thai d6, déng chi y 12 nhitng chét hitu co doc
hai, twong d6i bén, khé bi phan huy sinh hoc,
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lan truyén va ton luu mot thoi gian dai trong
mdi truong. Do vay, viéc nghién ctru xu ly triét
dé ching 1a mbi quan tim hang dau cta nhiéu
qudc gia. P& xtr Iy cdc hop chat hitu co doc hai,
thoi gian gan diy nguoi ta quan tim dén qud
trinh xtc tic quang do ching ¢6 wu diém nhu
sir dung nang lugng 4nh sang mat troi va chat
oxy hoda la oxy khong khi [1]. Mac du da c6
nhiéu cong bd vé cic vat lidu xiic tdc quang,
trong d6 phd bién nhét 1a cdc oxit ban dan nhu
TiO,, ZnO, WO;, Ta,0s va cic dang bién tinh
ctia chiing [1-3]. Ngoai cdc oxit, cdc hop chat
sunfua kim loai ciing rat hap dan trong viéc lam
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chit xdc tac quang nhu CdS, MoS, va WS, do
ning lugng ving cdm bé [4-7]. Tuy nhién,
trong s6 d6, van con it cong trinh cong bd vé
viéc sir dung WS, lam chét xiic téc quang. Ciing
nhu nhidu chat ban dan khic, WS, & dang
nguyén chét c¢6 hoat tinh xic tic kém do hién
tuong tdi két hop electron-15 tréng quang sinh.
Thoi gian gan diy mot chit ban din dang
polyme hiru co ¢6 cau triic 16p kiéu nhu graphit
g-C3N, (hinh 1) thu hit nhiéu sy chd y trong
viéc nghién ctru 1am chat xdc tic quang [4].

Hinh 1. Ciu tao ciia mot tAm hoan héo cua 2-C3Ny,

Trong bai bdo nay, ching t6i trinh bay
tong hop vat lidu composit mdi WS,/g-C;N,
bang mot phuong phip don gian va nghién
ctu st dung ching lam chit xiic tic quang
v61 hy vong vét liéu composit ¢6 hoat tinh tot
hon hai ciu tir riéng biét WS, va g-C;N4 nho
hién tugng cOng hop.

2. Phwong phap nghién ctiru

Composit WS,/g-CsN, duoc téng hop theo
quy trinh sau. Nghién, tron vonframic acid véi
thioure voi cac ti 1€ sau 1:10, 1:20, 1:30, 1:40
theo khdi lugng. Nung hdn hop & nhiét do
500°C trong 3 gid. San pham thu dugc ki hiéu
la nWS,/g-C3N,, trong d6 n béng 10, 20, 30 va
40 tuong Ung v6i cdc ti 16 khéi lwong cua
vonframic acid véi thioure 1a 1:10, 1:20, 1:30,
1:40. Dé so sanh, mot hdn hop vonframic acid
va4i thioure véi ti 1€ 1:10 dugc nung & 650 °C

trong 3 gid, ky hiéu la WS,; mét mau chi ¢6
thioure dugc nung ¢ 500 °C trong 3 gio, dugc
ky hi¢u la g-C;N,.

Phé nhidu xa tia X (XRD) cia cdc mau
dugc do trén mdy Brucker D8 Advance, 6ng
phat tia X bang Cu c¢6 budc séng A = 1,540 A,
dién ap 30 kV, cudng d6 dong dng phat 0,01 A.
Hinh anh SEM dugc ghi trén mdy Nova
NanoSEM 450 va TEM dugc ghi trén Jeol Jem
2100F. Phé héng ngoai cia mau vat liéu duoc ghi
trén mdy IR Affinity-1S (Shimadzu). Pho Raman
dugc do trén may T64000 Raman v&i ngudn
laser c6 bude song 647,1 nm va detector CCD
duogc 1am lanh béi nito 16ng.

Hoat tinh xtc tic quang dugc danh gia theo
quy trinh sau. Cho 0,1g xtc tic vao trong 90mL
dung dich xanh methylen c¢6 néng d6 30mg/L
d6i véi mau 10WS,/g-CsN, va ndong do 10mg/L
d6i voi cdc miu con lai. Ding gidy trang nhom
boc kin cbc sau d6 khudy déu cbc trén mdy
khuay tir trong 4 gio' ddi voi mau ti 18 1:10, va 2
gior d6i v6i nhitng mau con lai dé cho qué trinh
hap phu-giai hdp phu cin bang. Sau d6, hdn
hop phéan g duge khudy dudi diéu kién chiéu
sdng boi den day d6t vonfram (220V-100W)
qua kinh loc tia UV c6 duong kinh d = 72mm.
Hdn hop phan tng dugc Iy ra theo thoi gian
phan tmg. Sau d6 ly tdm, tach phan dung dich
dé phan tich nong do xanh metylen con lai.
Nong d6 xanh methylen trong cdc mau duoc
xdc dinh bang phuong phap do quang trén may
UV-Vis (UV-1800, Shimadzu).

3. Két qua va thao luan

Két qua dic trung nhiéu xa tia X ciia céc
mau nWS,/g-CsN, duge trinh bay trong hinh 1.
Nhin chung hinh dang céc gian dd gan nhu
nhau nhung khic nhau vé cuong d6 twong ddi
gitra cdc pic. Pic c6 cuong do 16n ¢ 27,4° dic
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trung cho g-C3N, [4]. Pic nay cé cuong do ting
dan khi di tir 10WSy/g-C;N; dén 40WS,/g-
C;N,, ¢6 thé do ham luong g-CsN, ting. Chiéu
tang nay dong bién vdi ti phan thioure, tién chat
tao g-C3N, ¢6 trong hdn hop phan mg ban dau.
Trong tit ca céc gian dd déu xuat hién hai pic
¢6 cuong d6 manh véi gid tri 2 theta bang 32,8°
va 58,6°, dac trung cho WS, [6], va cuong do
giam dan khi di tr 10WSy/g-C3N, dén
40WS,/g-C5N,. Mot nhan xét rat thi vi dugce rit
ra ¢ day la ti 1& cuong do cua pic ¢ 27,4° (dac
trung cho g-C3Ny) vai pic ¢ 32,8° (dac trung
cho WS,) ting khi di tir mau 10WS,/g-C5N, dén
40WS,/g-CsN,. Piéu nay phan dnh ti 1& g-
C3N/WS, ting theo chiéu trén, chiéu ting ti
phan khdi lugng thioure/H;WO, trong hdn hop
phan tng. Tém lai, két qua XRD minh chimg
rang ching t6i da tong hop thanh coéng
composit bao gém hai cdu tor WS, va g-C3Ny,
trong d6 ham lugng g-C;N, ting khi ting ti
phﬁn thioure, tién chat tao g-C;Ny, trong hon
phan tng.

Cuong do (Cps)

T T T T
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Hinh 1. Gian d6 nhiéu xa tia X cia 10WS,/g-C3N,
(a), 20WS,/g-C3N, (b), 30WS,/g-C3N, (¢),
40WS2/g-C3N4 (d)

g

Hinh thai cua cac vt li¢u ciing dugc dac
trung boi ky thuat SEM (hinh 2). Céc hinh anh
chi ra rang bé mit clia cic mau gan nhu nhau,
dic trung kiéu 16p cua vat liéu g-C5N,. Két qua
nay c6 thé do g-C3N; bao boc mét 16p bén
ngoai WS,.

Hinh 2. Anh SEM ciia 10WS,/g-CsN, (a), 20WS/g-
C3N4 (b), 30WS2/g-C3N4 (C) va 40WSz/g-C3N4 (d)

Dé c6 thém thong tin v& hinh thdi, mot mau
dai dién, 20WS,/g-C3N,, dugc dic trung thém
ky thuat TEM (hinh 3). Dé so sanh, hinh anh
TEM cua g-C;N, ciing dugc trinh bay. Hinh 3a
chi ra cédc tdm (sheet) xép chdong 1én nhau, dic
trung cho hinh théi cua g-C;N,. Piéu ddng chu
y 1a hinh 4nh TEM ctia 20WS,/g-C;N, trén cic
hinh 3b. O d6, ching ta d& dang nhan thiy cic
tAm nano mau dam, cé thé 12 WS,, duoc bao

boc bdi cdc mang mdédng mau nhat hon cua g-
C;N,. Cic tim WS, ¢6 bé day khoang 10 nm.
Kiéu céu tric nay c6 thé 1a mot loi thé cho viéc
cai thién tinh chét xidc tdc quang so véi cdc cdu
ti & dang riéng Ié.

Hinh 3. Hinh anh TEM ciia mau g-C;5Ny(a), 20WS,/g-C5Ny (b).
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Pho IR ciia cdc miu 10WS,/g-CsNy,
20WSz/g C3N4, 30W82/g C3N4, va 40WSz/g-
CiNy du’orc trinh bay trong hinh 4, trong do tat
ca cdc mau déu ¢ xuét hién cac pic ¢6 sb séng
814, 1200-1650, va 3160 cm’', dic trung céc
dao dong c6 trong g- C3N4 [4]. Ben canh do, cac
mau tong hop con xuét hién thém cic vai trong
viing 500 cm™ - 690cm’’, tin hiéu dic trung
cta lién két W-S va pic c6 sé séng 959cm™
dac trung cua lién két S-S [6]. Tuy nhién ham
luong ctia nhém S-S ¢6 trong mau khong 16n
nén cac tin hiéu nay khong rd rang. Nhin
chung, két qua pho IR cta cdc mau déu ching
minh sy c6 mdt cua WS, va g-C;N, trong céc
composit nWS,/g-C;Ny.
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Hinh 4. Phd héng ngoai cua 10WS,/g-C;3N, (a),
20W82/g-C3N4 (b), 30WSz/g-C3N4 (C),
40WS,/g-C3Ny (d).

Ph6 Raman duoc xem nhu 1a mot cong cu
manh dé dic trung dang 16p cua cdc vat li¢u. Vi
thé, hai mau dai dién 10WSy/g-C3N, va
20WS,/g-C3N, dugce déc trung thém phé Raman
(hinh 5). Nhu dugc mong doi, cac phé déu chi
ra hai pic ¢6 cuong d6 manh hip thu ¢ ving c6
sO séng 349 cm™ va 415 cm™ twong Ung véi pic
Elzg va Ay, ddc trung cho dang 16p cua WS, [8].
Bén canh dé, pic ¢ s6 séng 702 cm™ ddc trung
cho vong s-triazin, va pic c6 s6 séng 1228 cm™
dac trung cho mot s6 tim khuyét tat hoac su
hdn loan trong céu tric kiéu graphit ctua g-C;5N,
[9]. Chiing ta d& dang nhan thay cuong d6 ca

hai pic 349 va 415 cm’' twong Ung véi miu
10WS,/g-C3N, cao hon nhiéu so véi 20WS,/g-
C;Ny. Trong lic d6, néu so sdnh ti 1¢ cudong do
pic 702 cm’, dic trung cho g-CsNy, véi pic 349
hay 415 cm’', dic trung cho WS,, ¢6 thé nhan
thiy ti 1& nay ting, ching t6 ham luong g-CsN,
trong mau 20WS,/g-C3N; cao hon so véi
10WS,/g-CsN,. Mot 1an nira, két qua thu duoc
pht hop véi cic dac trung & trén.
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Hinh 5. Phd raman cta 10WS,/g-C3N, (),

Dé xédc dinh thanh phan nguyén td, cic mau
dugc dic trung boi ky thuat EDS va két qua
dugc trinh bay trong hinh 6 va bang 1. No6i
chung tat ca cic miu déu phét hién thiy c6 cic
nguyén t& W, S va N va khong xudt hién bat ki
nguyén to la ndo. Két qua nay phd hop véi
thanh phan cua vat liéu. Trong d6 ti 18 nguyén
tr W:S gan bang 1:2 theo Ii thuyét ciia WS, dbi
v6&i miu 10WS,/g-CsN,. Véi cdc mau c6 ham
luong g-C5Ny4 cao, ti 1€ mol S/W 16n hon 2.
Piéu nay c6 thé do mot lwong S ¢ trong g-
C3N, ddi voi cdc miu composit ¢6 ham lugng
g-C3Ny cao.

Béng 1. Thanh phan ctia W va S ctia cdc miu
nWS,/g-C;N, theo phan tich EDS

I0WS,/  20WS,/ 30WS,/ 40WS,/

M?(
- g'C3N4 g-C3N4 g-C3N4 g-C3N4
W
(%moly *+30 2615 2307 2185
S
(Gmoly 6370 7385 7693 7815
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Hinh 6. Anh EDS cua cdc miu 10WS,/g-C3N, (a),
20WS,/g-C3Ny (b), 30WS,/g-C;5Ny (c),
4OWS2/g-C3N4 (d)

Tém lai, céc két qua ddc trung chimg minh
rang WS,/g-C3N, dd duoc tong hop thanh cong
boi mot phuong phip don gian bang cach nung
H,WO, véi thioure, trong d6 thioure déng hai
vai tro: thir nhat 12 chat cung cip S dé tao WS,,
thir hai 1a tao mot 16p g-C3N,4 boc bén ngoai cic
tam nano WS,. Hy vong kiéu cdu triic niy s&
cai thién hoat tinh xuc tdc quang so v&i dung
céc cAu tir riéng 18.

Hoat tinh xdc tic quang clia cdc mau dugc
danh gia bdi kha nang phan huy xanh metylen
trong dung dich nudc (hinh 7). Dé so sdnh, hoat
tinh xdc tic cia WS, va g-C;N, cling dugc trinh
bay. Pd thi chi ra ring, khi so sinh 4 mau
composit, mau 10WS,/g-C5Ny c6 hoat tinh xtdc
tdc tot nhat va tét hon nhiéu so véi mau WS, va
g-C3N, tinh khiét. Sau 7 gio phan tmg, do
chuyén héa xanh methylen trén mau 10WS,/g-
C;N, dat 72,7%. Trong khi d6, dbi voi cdc mau
composit con lai, ndng d6 xanh methylen giam
it hon cing thoi gian va thap nhat 13 mau
40WS,/g-C5N,. Két qua danh gia hoat tinh xic
tac chi ra réng mau 10WS,/g-C5Ny tdt nhét, sau
d6 dén 20WS,/g-C3N, va cudi ciing 12 hai mau
30WS,/g-C3N, va 40WS,/g-C3Ny gf?m nhu nhau.
Két qua nay c6 thé ham luong tuong ddi cua
WS, cao c6 trong céc mau 10WSy/g-C5N, va
20WS,/g-C3N,. Tuy nhién, chi ¢c6 WS, hay
g-C3N, nguyén chét thi hoat tinh xiic tic khong
cao. Diéu nay chimg t6 c6 mot hiéu Gng

cong hop (synergic effect) giira hai chat WS,
va g-C3N4.
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Hinh 7. D thi biéu dién sy phu thuoc C/C, ctia xanh
methylene theo thoi gian phan tng di voi cac vét
lléu 10W82/g-C3N4 (a), 20W82/g-C3N4 (b), 3OWS2/g-
3N, (¢), 40WSy/g-C3Ny (d), g-CNj () va WS; (g).

4. Két luan

Tu céc két qua thu dugc ¢ trén, mot s6 két
luan dugc rit ra nhu sau. Cac vét liéu composit
nWS,/g-CsN, duge tong hop biang phuong phap
don gian boi viéc nung hdn hop vonframic acid
va thioure & céc ti 1¢ khéi lugng khac nhau,
N = Mpjoure/Mpawos = 10, 20, 30, 40. Trong céc
composit, WS, ¢ dang tAm nano duoc bao boc
boi céc 16p g-C5Ny. Ham lugng tuong ddi cua
WS, giam va g-C3N, ting dan khi di tir cdc mau
c6 n tang tir 10 dén 40. Céc vat liu nWS,/g-
C;N, déu c6 kha ning déng vai trd nhu mot
chét xiic tdc quang phan hiy xanh methylen
trong dung dich nudc duéi diéu kién dnh sing
kha kién. Trong do, mau 10WS,/g-C5Ny ¢c6
hoat tinh xiic tic quang cao nhit, lam giam
72,7% ham lugng xanh methylen trong 7 gid
phan tng. C6 mdt hi€u ung cong hop gilra
WS, va g-C;Ny trong viéc cai thién xic tic
quang. Hiéu ung nay phat huy khi ti phan
WS, véi g-C5Ny thich hop.
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Cong trinh nay dugc hd trg kinh phi nghién

ctru tr Quy Phit trién Khoa hoc va Cong nghé
Quéc gia Viét Nam (NAFOSTED) thong qua
dé tai mang ma s6 104.06-2015.94. Cac tac gia
xin chén thanh cam on Trung tdm Khoa hoc vat
ligu, Khoa Vat ly, Truong Pai hoc Khoa hoc Tu
nhién Ha Noi da tao diéu kién do cac anh SEM
trén thiét bi Nova NanoSEM 450.
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Synthesis and Photocatalytic Properties
of WS,/g-C;N, Composites
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170 An Duong Vuong, Quy Nhon City, Binh Dinh Province

2Deparl‘mem‘ of Physics, VNU University of Science

Abstract: Visible-light-driven photocatalysis has received considerable attention in environmental
treatment in recent years. In this paper, WS,/g-C;N4 composites with various contents of WS, and g-
C;N, were synthesized using a simple method by heating mixtures with different weight ratios of
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H,WO, and thiourea, in which n = myjouea/Mmwos. The composites were characterized by XRD, SEM,
EDS, TEM, IR and Raman spectroscopy. The results showed that the composites contain nanosheet
WS, coated by g-C;N,4, and content of WS, in the composites decreases with increasing n. All the
composites exhibited photocatalytic activity in degradation of methylene blue in aqueous solution.
Among them, the sample with n = 10 (10WS,/g-C;N,) had theo hignest activity. A synergistic effect
between WS, and g-C;N, in photocatalysis was observed.

Keywords: WS,, g-C3N4, WS,/g-C5N, composite, methylene blue, photocatalysis.



