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Tom tat

Vat liéu té hop nano rGO/WQ;3 da duoc ching téi téng hop thanh céng bang phuwong phap thdy nhiét nham
ng dung trong quang xuc tac. Tinh chét cia vét liéu duoc ‘nghién ctru béang anh hién vi dién td quéet (SEM),

gidn dé nhiéu xa tia X (XRD), phé hap thu t& ngoai kha kién (UV — Vis) va phé héng ngoai bién déi Fourier
(FTIR). Két qué phan tich XRD cho thay vat liéu két tinh cao cta pha tinh thé luc giac WOs. Anh SEM cho
thay t6 hop vét liéu bao gém céac thanh nano WOs3 va céc I6p rGO da dugc ché tao. Két qua tinh toan tir phd
hép thu t& ngoai- kha kién da cho thdy dé réng ving cdm cta rGO/WOs Ia 2,7 eV, da gidm so véi WOs (3.1
eV). Két qua khdo sét tinh chéat quang xuc tac dwéi anh séng dén tir ngoai cho thdy kha ndng phéan hiy
dung dich Xanh Methylen cta vét liéu rGO/WO3 cao hon dang ké khi so sénh v6i WOs tinh khiét, trong dé
suét phan hdy Xanh Methylen sau 100 phtt chiéu sang ctia rGO/WO; la 80% va ctia WOs Ia 55%.

Tw khéa: rGO/WOs, quang xuc tac, thuy nhiét.
Abstract

In this study, rGO/WQOs nanocomposites were synthesized by one-pot hydrothermal method for
photocatalytic applications. Properties of the synthesized materials were investigated by scanning electron
microscope (SEM), X-ray diffraction (XRD), UV-Vis absorption spectroscopy and Fourier-transform infrared
spectroscopy (FTIR). XRD analysis documented the formation of the hexagonal phase WOs3 with high
crystalline quality. SEM images revealed that the WOg3 nanorods and layered rGO materials were
synthesized. The band gap of the rGO/WQO3 composite calculated from the UV—vis spectra is about 2.7 eV
which is smaller compared to that of bare WOg3 (3.1 eV). Photocatalytic results under UV light irradiation
showed that the rGO/WOs nanocomposite exhibited significantly higher photocatalytic activity than WQOs,
where the rGO/WO3 and WOs degraded about 80% and 55% of methylene blue within 100 min under UV
irradiation, respectively.
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1. Giéi thiéu

Ngiay nay, phan hiy cic chit mau 6 nhidm
trong cac ngudn nude thai dya trén hién tugng quang
xuc tac dang thu hat sy quan tdm nghién cru cla cac
nha khoa hoc. Nhiéu vat liéu oxit ban dén c6 cdu tric
nano da va dang dugc cac nhom nghién ctru ng dung
trong quang xuc tac nhu TiO,, ZnO, SnO, va WO; [1-
4]. Déi véi vat liéu WOs noi riéng, day 1a vat li¢u ban
dan loai n, ving cdm rong, than thién vi moi truong
va ¢6 nhiéu tmg dung tiém nang trong cam bién khi
[5], pin lithium [6] va quang xuc tac [7]. Tuy vay, do
linh dong hat tai thip do téc do tai hop dién tir - 15
tréng cao lam giam hiéu suit quang xiic tac cia vat
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liéu nay. Hon nita, cac vat li¢u nano oxit don 1€ c6 xu
hudng két dam lam giam dién tich riéng bé mat va
kha nang quang xic tac cia vat liéu. Cac nghién ctu
gin day tip trung vao viéc diéu khién hinh thai bé
mat, kich c& hat, pha tap cac nguyén t6 kim loai
hiém, hodc ché tao cu trac di thé cua WOs véi cac
vat li€u phi kim dé cai thién hiéu suét quang xuc tac
cua vt liu cling da thu dugc nhiing Két qua kha quan

[8].

Vit liéu rGO va graphene véi cAu triic cac bon
hai chiéu va céc tinh chat ndi bat nhu do dan dién
cao, do linh dong hat tai, di¢n tich bé mit riéng 16n
do d6 khi két hop véi cac cau triic nano WO; sé& ky
vong tang cuong kha nang quang xuc tac phan huy
chit mau 6 nhiém.

Trong nghién ctu nay ching toi trinh bay
phuong phap thuy nhiét don gian dé ché tao to hop
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vat ligu rGO va thanh nano WO3; (rGO/WQO3). Vit
lidu ché tao da duoc nghién ciru dic trung quang xic
tac phan hily xanh Methylen (MB), két qua cho thay
hiéu suét phan hily MB cao hon so véi vat licu WO3
tinh khiét.

2. Thue nghiém
2.1. Ché tgo rGO

rGO dugc ching t6i ché tao bang phwong phap
Hummers bién d6i cho phu hop vai didu kién cua
phong thi nghiém, quy trinh cu thé da dugc chung toi
trinh bay trong béo céo trudc day [9].

2.2. Ché tao té hop rGO/WO;

T6 hop rGO/WO; duoc ché tao bing phuong
phap thily nhiét. Cu thé: hoa tan hoan toan 1,5 g mudi
Na,WO04.2H,0, 1 g mudi NaCl va 0,25 g axit CsHsOs
trong 80 ml nude khir ion. Sau d6 700 pl dung dich
rGO ndng d6 2 g/100 ml dugc thém vao hdn hop trén.
Dung dich axit HCI (37,5%) duoc nho tir tir vao hon
hop trén dé diéu chinh pH cua dung dich dén gi4 tri
bang 2. Hon hop dwoc khudy déu thém 10 phat trude
khi cho vao binh thuy nhiét va tién hanh u & 180°C
trong 12 h. San phim két tua thu dugc dugc rira nhiéu
lan bang nude khir ion va con rdi tién hanh quay ly
tam véi toc d6 5900 rpm, cubi cing dem siy kho
trong ti sdy ¢ 60°C trong 24 h. Quy trinh tuong tu
cling da duoc st dung dé ché tao vat lieu WOs, chi
khac khong c6 rGO ¢ trong dung dich. Hinh thai bé
mit va tinh chat cua vat liéu rtGO/WO; duoc nghién
cru boi kinh hién vi dién tor quét (SEM, JEOL
7600F), phd nhiéu xa tia X (XRD-D8 ADVANCE,
Bruker) va phd hip thu quang hoc tir ngoai — kha kién
(PG-T90, UK).

Pac tinh quang xtc tac cia vat liu rGO/WO3
va WOj; da dugc khao sat v6i dung dich MB ndng do
20 mg/L dudi buc xa phat ra boi dén tor ngoai
(365 nm, 40 W). Trong mdi thi nghiém 20 mg vat
lidu cung v&i 100 mL dung dich MB dyng trong cdc
dung tich 250 ml duoc khudy déu bang may khudy tir
trong tdi 40 phut dé dat dugc sy hip phu can bang
gitta MB va vat li¢u. Tiép sau d6, dung dich duogc
chiéu sang bang dén tir ngoai, theo chu ky 10 phut,
khoang 7 ml dung dich trong cb¢ duoc rut ra dé quay
ly tam nhim loai bo hoan toan vat liéu. Sau do, dung
dich MB thu duoc dugc phan tich boi may quang phd
UV — Vis. N6ng d6 cia MB duoc do tai budc song
Jmax = 664 nm. Dé tinh toan ndng do cua cia MB,
chung t6i di st dung phan mém UV win cia may
quang phé UV-Vis dé xdy dung dudong chuén ndng
d0 ciia MB.

3. Két qua va thio luin

Anh SEM cua vat lidu td hop nano rGO/WO;
trinh bay trén Hinh 1 (a) cho thay sy hinh thanh céac
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thanh nano WO; véi chidu dai ¢ 1,5 pm dan xen véi
cac tim rGO xung quanh tao thanh nhiéu khodng
tréng va 16 xp. Trong khi d6 anh SEM cua vét liéu
WOj trén Hinh 1 (b) cho thiy dang thanh vé&i duong
kinh khoang 300 - 500 nm, chiéu dai khoang 1 pum,
c4c thanh két tu lai thanh timg bo.

Anh SEM ctia rtGO/WO; (a) va WOs (b)
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Hinh 2. Gian d6 nhiéu xa tia X ctia rGO/WOs

Hinh 2 13 gidn dd nhidu xa tia X cua vat lidu to
hop rGO/WOs cho thay chi xuat hién cac dinh nhiéu
xa dic trung & pha luc gidc cua tinh thé WO;
(JCPDS, 33-1387), v6i cic hing s6 mang
a=>b=0,7298 nm va ¢ = 0,3899 nm. C4c dinh nhiéu
xa cia WO;3 déu ¢o cudng do 16n, nhon ching to mau
téng hop dugc c6 do két tinh cao. Tuy nhién, khong
quan sat thiy cac dinh cua rGO, chimg t6 rGO di bi
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tach thanh timg 16p mong, hodc ham luong qua nho
de c6 thé phat hién [10].

Hinh 3(a) 1a ph6 hip thy ciia rGO/WO; va WOs,
trong d6 bién hap thy chinh xuit hién twong tng &
budc song khoang 452 va 395 nm. Nang lugng vung
cdm (E,) cta cac vat liéu dugc xac dinh tir phuong
trinh Tauc:

h 1/2
o

Voi C, a, va hv tuong Gng 1a hang s6 ty 18, hé s6
hap thy [11]. Ning lugng ving cim cia vat liéu
rGO/WO; va WOs; duge xac dinh lan luot bing
2,7 eV va 3,1 eV, nhu duoc thé hién & Hinh 3(b). Két
qua nay tuong ty nhu két qua cua cac dong nghiép
khac [12,13].

Eg=hv—

Wo,
|

rGOMO,
l

200 300 400 500 600 700 800

Taunc Plot

( th)I/Z

N

3 4 5

hv(eV)
Hinh 3. Phé UV-Vis (a) va ning luong ving cim (b)
duogc tinh toan tir phuong trinh Taunc cua rGO/WO3
V.’;l W03

Hinh 4 (a, b) 1a phd hép thu quang hoc cua dung
dich MB ban dau va sau khi chiéu sang v&i thoi gian
khac nhau khi c6 mat cac vat liéu rGO/WO; (Hinh
4a) va WOs (Hinh 4b). Két qua cho thdy mot sy hip
phu déng ké MB ctia rGO/WOs (23%) va WO; (10%)
sau 40 phut khudy trong téi. O trang thai cén bang
hap phy, khi tang thoi gian chiéu sang, cuong do hap
thu tai budce song 664 nm cia dung dich MB da giam
dan dbi v6i ca hai mau. Tuy vy, toc do giam cuong
d6 dinh phd trong hai truong hop 1a khic nhau. Véi
vat litu rGO/WO; dd cho thdy mot su suy giam

38

cuong d6 dinh phd cia MB nhanh hon khi so sanh
v6i WOs.
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Hinh 4. Sy thay di phd hép thu cia dung dich MB
theo thoi gian chiu buc xa ti ngoai cua
rGO/WOs (a), WO3 (b), va 6 giam néng do C/Cy ctua
dung dich MB khi st dung chat xtc tac rGO/WO; va
WOs ().

Tir két qua phép do néng d6é MB ¢ budc song
Jmax = 664 nm, hiéu suét phéan huy da dugc xac dinh
bang cong thirc:

Ce
H(%) = [1 - —] X 100% (2)

Trong do H(%) la hi¢u suét phan huy, Gy la
ndng d6 ban dau va G la nong do tai thoi diém t cua
dung dich MB. Chi tiét v& sy thay ddi nong do dung
dich MB theo thoi gian chiéu sang khi st dung hai
mau vat ligu xtc tac 1a rGO/WOs va WOs dugc thé
hién & hinh 4c. Vi chit xtc taic rGO/WO; hiéu suét
dat 80% sau 100 phat chiéu xa, trong khi d6 dbi véi
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vat liéu WOs tinh khiét chi dat khoang 55%. Sy ting
hiéu suit quang xuc tac ctia rtGO/WOs so voi WO; ¢o
thé giai thich do ning lugng ving cam ciia rtGO/WO;
hep hon so véi WOs, do d6 cac dién tir dé chuyén tr
viing héa tri 1én ving dan ctia WO; lam giam sy téi
hop, ting thoi gian séng ciia cac dién tir va 18 trong,
tir d6 ting cuong dugc hiéu sudt quang xic tic cua
vat liéu, twong tu nhu gidi thich cta nhom tac gia
S.Prabhu [14] ddi véi t6 hop ZnO/rGO.

4. Kétluan

Bing phuong phép thiy nhiét don gian, ching
t6i di ché tao thanh cong vat litu t& hop nano
rGO/WOs. Két qua nghién ciru cho thdy sy hap phu
manh MB cta rGO va ning luong ving cdm hep cia
rGO/WO; so véi WOs, 1a nhimng nhan t6 di ting
cuong dang ké hiéu suit phan hity quang xtic tic MB
dudi anh sang tir ngoai. Hiéu suat phan huy dung dich
MB cta rGO/WO; da dat ~ 80% sau 100 phut chiéu
sang, trong khi vat liéu WO3 tinh khiét chi dat ~ 55%.
Két qua nay ching to rang su két hop cua ciu tric
nano WOs noi riéng va cac oxit ban dan néi chung
voi 1GO 1a mot trong nhitng huéng nghién ctru hiéu
qua dé mo rong kha ning Gmg dung trong linh vuc
quang xtic tic ctia vat liéu oxit ban dan.

Loi cam on

Nghién ciru nay dugc thuc hién véi sy tai trg
ctia quy phat trién khoa hoc va cong nghé qudc gia
(NAFOTED) trong d& tai ma sb 103.02-2017.15 va
cua dé tai nghién ctru khoa hoc ndm hoc 2018 - 2019
cua truong Pai hoc Hoa Lu (P Q Dat).

Tai liéu tham khao

[1] X. Li, J. L. Shi, H. Hao, X. Lang, Visible light-
induced selective oxidation of alcohols with air by
dye-sensitized TiO2 photocatalysis, Applied Catalysis
B: Environmental, 232 (2018), 260 - 267.
doi:10.1016/j.apcatb.2018.03.043

K. Sahu, Sinikuriakose, J. Singh, B. Satpati, S.
Mohapatra, Facile synthesis of ZnO nanoplates and
nanoparticle aggregates for highly efficient
photocatalytic degradation of organic dyes, Journal of
Physics and Chemistry of Solids, 121 (2018), 186 -
195. doi:10.1016/j.jpcs.2018.04.023

[31 S. Zhang,S. Wu,J. Wang,J. Jin,T. Peng,
Controllable Syntheses of Hierarchical WOs Films
Consisting of Orientation-Ordered Nanorod Bundles
and Their Photocatalytic Properties, Cryst. Growth
Des., 18 (2018), 794 — 801.

Doi: 10.1021/acs.cgd.7b01254

L. Wang, Y. Wang, D. Su, Y. Zhao, Enhancement of
visible light photocatalytic activity over bistructural
SnO2 nanobelts, Superlattices and Microstructures,
114 (2018), 416 - 420.

Doi: 10.1016/j.spmi.2017.12.058

(2]

39

[5]

[6]

(9]

[10]

[12]

[13]

[14]

L. Han, J. Chen, Y. Zhang, Y. Liu, L. Zhang, S. Cao,
Facile synthesis of hierarchical carpet-like WOs3
microflowers for high NO2 gas sensing performance,
Materials Letters, 210 (2018), 8 - 11. Doi:
10.1016/j.matlet.2017.08.065

C. Wang, Y. Zhao, L. Zhou, Y. Liu, W. Zhang, Z.
Zhao, Wael N. Hozzein, H. M. S. Alharbi, W. Li, D.
Zhao, Mesoporous carbon matrix confinement
synthesis of ultrasmall WOs nanocrystals for lithium
ion batteries, J. Mater. Chem. 4, 6 (2018), 21550 -
21557. doi: 10.1039/C8TA07145D

V. Vinesh, T. Sakthivel, N. Gouthami, K.
Kiranpreethi, R. P. Arulselvi, V. Gunasekaran,
Enhanced Photocatalytic Properties of

Nanostructured WOs Semiconductor - Photocatalyst
Prepared via Hydrothermal Method, J. Nanoscience
and Nanotechnology, 18 (2018), 3320 - 3328.
Doi:10.1166/jnn.2018.14853

M. B. Tahir, M. Rafique, M. Isa Khan, A. Majid, F.
Nazar, M. Sagir, S. Gilani, M. Farooq, Enhanced
photocatalytic hydrogen energy production of g-
C3N4-WOs composites under visible light irradiation,
Energy Research, 42 (2018), 4667-4673.
doi:10.1002/er.4208

N.D. Hoa, C.V. Phuoc, C. T. Quy, P. V. Tong, V. V.
Quang, N. V. Duy, N. V. Hieu L.V. Nang, Scalable
Preparation of Graphene: Effect of Synthesis
Methods on the Material Characteristics, Science of
Advanced Materials, 7(2015), 1013 - 1020.

doi:10.1166/sam.2015.2171

K. Zhang, Y. Zhang, S. Wang, Enhancing
thermoelectric properties of organic composites
through  hierarchical nanostructures, Scientific
Reports, 3 (2013), DOI: 10.1038/srep03448.

X. Hu, P. Xu, H. Gong, G. Yin, Synthesis and
Characterization of WOs/Graphene Nanocomposites
for Enhanced Photocatalytic Activities by One-Step
In-Situ Hydrothermal Reaction, Materials, 11 (2018),
147. doi: 10.3390/mal11010147

B. Ahmed, A. K. Ojha, F. Hirsch, I. Fischer, D.
Patrice, A. Materny, Tailoring of enhanced interfacial
polarization in WO3 nanorods grown over reduced
graphene oxide synthesized by a one-step
hydrothermal method, RSC Adv., 7 (2017), 13985-
13996. doi:10.1039/C7RA00730B

H. Huang, Z. Yue, G.Li, X. Wang, J. Huang, Y.
Du, P. Yang, Ultraviolet-assisted preparation of
mesoporous WOs/reduced graphene oxide
composites:  superior interfacial contacts and
enhanced photocatalysis, J. Mater. Chem. A, 1(2013),
15110 —15116. doi: 10.1039/C3TA13433D

S.Prabhu,  M.Pudukudy, S.Sohila, S.Harish,
M.Navaneethan, D.Navaneethan, R.Ramesh,
Y.Hayakawa, Synthesis, structural and optical

properties of ZnO spindle/reduced graphene oxide
composites with enhanced photocatalytic activity
under visible light irradiation, Optical Materials, 79
(2018), 186 - 195. doi :10.1016/j.optmat.2018.02.



	1. Giới thiệu
	2. Thực nghiệm



