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SUMMARY
THIN LAYER NANOCOMPOSITE Bi,WO;@GRAPHENE OXIDE: UNIQUE
PROPERTIES OF MATERIALS

In the present paper, the Bi,WOs@(0-5)%GO thin layer hybrid nanocomposites were successfully
synthesized by ultrasonic-assisted hydrothermal technology and showed to have unique characteristic
properties. The FT-IR spectra confirmed the presence of characteristic group vibrations of GO and
asymmetric stretching vibrations of Bi,WOs@(0-5)%GO particle. The Raman scattering spectrum clearly
displayed two typical peaks D and G of GO, with an increase in the degree of defects and disorder in the
structure. The characteristic Eg, B,q and A,y group vibration modes of Bi,WOg were also clearly observed,
accompanied by peak position shifts in the Bi,WOs@5%GO nanocomposite. The X-ray diffraction pattern
confirmed the formation of the crystal structure of Bi,WO@(0-5)%GO composites and a slight increase in
the average crystal size when hybridized with GO. The SEM and TEM images showed that GO was in the
form of thin-layered nanospheres, while Bi,WO@(0-5)%GO nanocomposites were irregularly
agglomerated in the form of square-shaped thin layers, with a grain size smaller than 60 nm. The chemical
composition, high purity and uniform distribution of O, Bi, W, C elements in the Bi,WO¢@(0-5)%GO were
confirmed by EDS measurements. The Bi,WO,@5%GO material had a fairly large surface area, including
medium and microporous pores, close to type Ill adsorption isotherm. The thin layer Bi,WOs@(0-5)%GO
nanomaterials had good and unique properties, and would continue to be applied to explore and effectively
treat difficult-to-decompose organic substances that pollute water sources.

Keywords: Bi,WOs@(0-5)%GO;hybrid nanocomposite; thin layer; unique; hydrothermal.

I. GIOI THIEU oxy, trong d6 do dan ion chiém wu thé ¢
4p suat tr 1 dén 107! atm, con d6 dan
electron chiém wu thé ¢ ap suat thap hon
[4-7]. Vat liéu Bi,WO¢ c6 d6 rong vung
cam trong khoang 2,6-2,9 eV, thé hién
kha nang hoat tinh x0c t&c quang hoda
manh thich hop cho cac ung dung vung
anh sang kha kién (buéc song dudi 450
nm), nhu phan hay xir Iy cac hop chat hitu
co 06 nhidm, cam bién méi trudng va
chuyén ddi ning luong,...[1]. Pé ting
hiéu qua ngan ngira su tai t6 hop electron-
15 tréng, bién phép cai thién da duoc dé
Xuit bao gém pha tap véi Ag, Au, Ti, Fe
va tao c4c hinh thai nano (dia, cu rong, vi

Ngay nay, nghién ciu tong hop céc vat
liu nano lai trén nén graphen oxit (GO),
la giai phdp xanh than thién méi truong,
nham xu Iy hiéu qua c&c chét hitu co gay
6 nhiém nuéc va khong khi [1-3]. Dang
cha y 13, Bi,WOg ¢6 ciu tric tinh thé, cac
tinh chat dién, quang va quang xuc tac noi
bat, gidp cai thién tinh chat va mé rong
pham vi (ng dung cia GO. O nhiét do
phong, Bi,WOg c6 ciu tric pha truc giao
(orthorhombic) véi nhom khong gian
P21ab va cau trdc I6p Aurivillius. Do din
dién cua Bi,WOg phu thudc vao ap suit
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cau) gilp nang cao hiéu suat quang xUc tac
cua Bi,WOg¢ [2]. Hinh thai cua vat liéu
Bi,WOs (BWO) di dugc tong hop trong
diéu kién c6 ethylene glycol va acid axetic
bang phuong phap thuy nhiét. O 120°C,
thu duoc vat lieu BWO dang tam, dién tich
bé mat cao nhit dat 53,32 m%g, cho hiéu
suit phan hiy Rhodamine B dat gan 100%
trong 20 phut chiéu sang kha kién [3].

Mang mong Bi,WOg/(0-6)% graphene
(BWO/GR) di duoc ché tao bing phuong
phap sol-gel, u nhiét & 600 °C trong 2 gio.
Mang mong BWO/4%GR cho hiéu suét
quang xuc tac oxi héa khi NO dudi anh
sang kha kién 1a cao nhit, véi hing s tdc
d6 phan ung dat 0,0667 min™!, cao hon so
véi mang Bi,WOg tinh khiét (0,0257
min~t). Mang mong BWO/4%GR c6 d6
bén cao, hiéu suat quang xUc tac chi giam
9% sau 8 gio phan ung lién tuc [7]. Bang
ky thuat song siéu am, da tong hop duoc
vat liéu lai nano cau gitra Bi,WOg Vi céc
I6p graphen oxit khu (rGO). Vat li¢u
Bi,WO¢/rGO duoc tng dung cam bién
dién hoéa hiéu qua cao nham phét hién
chit gay ung thu 4-Nitroquinoline N-
oxide (4-NQO) trong cac mau mau va
nueéc  tiéu, voi  do  nhay 4,681
HA.UM™t.cm™2, gigi han phat hién 6,11
nM, d6 léch chuan tuong ddi (RSD) dudi
3,5%, vat liéu ¢ do on dinh tét & pH 5 va
kha nang tai str dung cao [8].

Hai loai vat liegu lai méi, gom
Bi,WOs@rGO va CuWO,@rGO di duoc
tong hop bang phuong phap thuy nhiét
don gian, tng dung dé oxi hoa loai bo luu
huynh (ODS) trong dau diesel va dau lua,
g6p phan bao vé moi trudng va phat trién
bén virng. Cac nano Bi,WOs@rGO va
CuWO,@rGO c0 kich thudc hat nhé hon
50 nm, hiéu suét loai bo S trén 90% trong
cac diéu kién téi wu 1a: 0,1 g chat xuc téc,
1 mL H0,, ¢ 30°C trong 120 phut, kha
nang tai st dung 5 lan [9]. Céc hat nano
lai BWO/GO duoc tong hop thay nhiét
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Voi su hd cua
cetyltrimethylammonium bromide
(CTAB), ng dung quang xic tac va
khang khuan. Dudi chiéu sang dén xenon
500 W, cac hat nano BWO/GO c6 kha
nang xtr ly 93,8-100% RhB véi toc do
phan huy nhanh hon so véi Bi;WOg tinh
khiét, hoat tinh quang xtc tac duy tri trén
90% sau 5 lan tai sir dung [10].

O cbng trinh nay, ching toi st dung cong
ngh¢ thuy nhiét hd trg song siéu am dé
tong hop nanocomposite Bi,WOs@GO.
Céc tinh chit dic trung doc dao cua vat
licu Bi;WOs@(0-5%)GO duoc nghién
clru danh gia thdng qua ciu trdc pha tinh
thé, cac nhém dao dong dic trung bé mit,
hinh thai kich thugc, thanh phan nguyén
t6 va tinh chat bé mat bang cac phuong
phap phén tich hién dai.

tro

II. THUC NGHIEM
2.1. Phwong phap tong hop vat liéu

Graphen oxit (GO) dugc ché tao theo
phuong phap Hummer’s cai tién, tir than
antracite (mo than Phan M&, Phu Luong,
Thai  Nguyén) [5-6]. Vvat liéu
nanocomposite Bi;WO@(0-5)%G0O
(BWG-x, x = 0-5), dugc tong hop hiéu
qua bang cbéng nghé thay nhiét hd tro
s6ng siéu &m 37 kHz. Két tua hoan toan
hon hop chaa 0,02 mol Bi(NO3)3.5H,0 va
0,01 mol Na;WO, (c4c hoa chit cua
Merck déu c6 do tinh khiét >99%). Thém
X% GO (x = 0-5% khéi luong nén),
khuay tir & 30 °C trong 1 gio, dat hdn hop
phan ng vao bé rung siéu am ¢ 60 °C
trong 2 gio. Hon hop phan tng duoc tién
hanh thuy nhiét 15 gio & 200 °C trong
binh autoclave. San pham thé duoc loc,
rea  nhiéu lan  bang hdn  hop
(C2HsOH/H,0 1/1, viv), siy khd miu &
60 °C trong 2 gio va nung thiéu két 3 gio
& 400 °C trong chén s c6 nap day kin.
Céac nanocomposite Bi,WOs@(0-5)%GO
thu duoc ¢ dang bt mau vang hoi nau,
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dugc dung dé ghi do cac tinh chat dic
trung cua vat liéu.

2.2. Nghién ciu tinh chat vat liéu

Phép do FT-IR (Perkin—Elmer Spectrum
BX) dugc dung dé nghién ciu cac nhom
lien két cua nano Bi,WOs@(0-5)%GO.
Phé Raman (XPLORA PLUS - Horiba)
dung dé xac dinh céc ché d¢6 nhém. Cau
trdc tinh thé duoc phan tich bai he XRD
(D8 Advance, 40 kV, 20 mA) véi ngudn
birc xa CuK,, tbc do quét 4 °/min, khoang
nhay 26 ~ 0,02°. Hinh thai va kich thudc
hat duoc xac nhan bang thiét bi SEM
(JSM — 17800, Nhat Ban) va TEM (JEOL
JEM-1010, Nhat Ban); Thanh phan hoé
hoc va tinh chit phan bé cac nguyén tb
dugc phan tich biang hé EDS Hitachi
TM4000PIus. Thiét bi BET (NOVA touch
ALX, Quantachrome Instruments) dung dé
xac dinh dién tich bé mat riéng va duong
kinh, thé tich 15 mao quan cua vat liéu.

I1l. KET QUA VA THAO LUAN

3.1. Phé hong ngoai FT-IR caa
nanocomposite Bi,WOs@GO

Céc peak dao dong hong ngoai ciia GO va
nanocomposite Bi,WOs@GO duoc trinh
bay trén hinh 1.
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Hinh 1. Phé FT-IR cia GO va Bi,WOs@(0-
5)%GO.

3000

Véi mau GO, thé hién rd cac dao dong
kéo gidn didc trung cua nhom C=0

(1712,48 cm %), C=C (1631,48 cm %), C—
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O (1054,23 cm™) va dao dong bién dang
cia nhom O-H (1384,64 cm ™). Véi cac
composite Bi,WOs@GO, xuét hién dao
dong Bi—O-Bi bat d6i xung co dinh ¢
578,54 cm* va cac dao dong kéo dan cua
W-O va Bi-O lan luot ¢ 736,67 va
817,67 cm ™, phu hop v&i cac nghién ciu
trudce [2].

Pang luu y 1a, trén phé FT-IR cua
nanocomposite Bi;WOs@5%GO, hién thi
rd rang cac dinh dac trung cua GO (C=C,
O-H va C-0), so véi Bi,WQOg. Thém vao
d6, c6 mot dinh yéu tap trung & 2977,55
cm ™, ¢6 lién quan dén dao dong kéo dai
cuaa cac nhdm —CH, —-CH, trong GO. binh
hip thu tap trung ¢ 3444,24 cm™ duoc
gan cho dao dong kéo dai nhom O-H trén
bé mit cua cac mau [3]. Cac nhém —OH
va H,O hap phu bé mat, c6 vai tro then
chét, chlng co thé tham gia phan @ng Vi
15 trong quang (h*) va san sinh ra géc
OH;, thiic ddy manh m& qua trinh oxy hoa
cac hop chét hitu co khd phan huy. Ngoai
ra, cac dinh dac trung (C=C, C-O) cua
nanocomposite Bi,WOs@5%GO, c6 xu
huéng dich chuyén vé phia do, khing
dinh rang cac lién két C=C, C-O di bj
yéu di va hinh thanh mét hé lién hop rong
gitta GO voi Bi;WOs. Lién két hoa tri
manh 12 mot trong nhitng yéu té quan
trong cd thé cai thién hoat tinh quang xuc
tac cua nanocomposite Bi;,WOs@5%GO.
Nhu vay, bang cdng nghé thuy nhiét hd
tro song si€u am, da composite thanh
céng Bi,WOg vai GO, thu duoc vat liéu
lai ¢6 cac dic diém dao dong hong ngoai
dic trung mai S0 VGi CAC tién chat.

32. Phé tin xa Raman
nanocomposite Bi,WO@(0-5)%GO

Ph6 Raman cia cac GO va

nanocomposite Bi;WOs@(0-5)%GO thé
hién trong Hinh 2, cho thay rd hai dinh
tan xa dién hinh dai D va dai G ¢ khoang
1336,15 cm " va 1591,24 cm ' ciia GO.
Dai D phan anh céac khiém khuyét vé ciu

cua
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trac lién quan dén viéc dwa cac nhom
chirc chira oxy vao cac l6p graphit, trong
khi dai G biéu thi tinh d6i xing va do két
tinh cua graphene. So véi GO, ty 1€ cuong
do dinh (Ip/lg) cua Bi,WOe@5%GO tang
tr 0,88 1én 0,93, khing dinh cd nhiéu
khiém khuyét va ting mic do réi loan
hon trong céu triic cua GO va sy pha v&
dang ké ciia mang tinh thé graphit luc giac
dbi xung, gay ra do twong tac giira nano
Bi,WOs va cac tim GO.
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Hinh 2. Phé Raman cia GO va Bi,WO,@(0-
5)%GO.
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Ngoai ra, c6 sy dich chuyén dai ting tur
1591,24 cm™ (GO) Ién 1687,75 cm™ cua
nanocomposite  Bi,WOs@5%GO, cho
thiy c6 su thay ddi trong ciu trdc khung
xuong cua graphene va tao thanh lién két
héa hoc manh gitra Bi;,WOg va GO [4].
Thém vao d6, cac ché do dao dong nhém
dac trung cua Bi;WOg nhu Eg, Big va Ayg
cling dugc thé hién r3, trong d6 dinh Eg
cua Bi,WOs & 793,13 cm™ (chuén hoa
Gauss c6 vi tri 802 cm™), da dich chuyén
sang vi tri 796,09 cm* trong vat liéu
Bi,WOs@5%GO, 1a co so khang dinh
mot cach chac chin vé tuong tac hoa hoc
manh duoc tao ra trong nanocomposite
Bi,WOs@5%GO.

3.3. Gian d0 nhiéu xa tia X cuaa
nanocomposite Bi,WOs@(0-5)%GO
Gian d6 XRD cua c4c mau GO va

Bi;WOs@(0-5)%GO duoc thé hién trong
hinh 3a. Trong hinh 3a, bon dinh sac nét
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va manh & goc 20 = 12,49°% 25,89°
43,62° va 63,93° duoc quy gan cho mt
mang (001) cia GO va cac mat mang tinh
thé (002), (100), (110) cua rGO hinh
thanh trong qua trinh téng hop mau. Theo
th¢ chuan JCPDS 39-0256, cac dinh
nhiéu xa dic trung dugc quan sat thy rd
rang & 20 = 28,85% 32,37°% 35,61°%
46,67°% 55,43°% 58,21° 68,46°; 75,690. va
78,04°, tuong ung véi cac cac mat phang
tinh thé (131), (200), (002), (260), (331),
(262), (400), (333) va (204) dac trung cho
pha tryc thoi cua tinh thé Bi;WO¢ [3].
Cac thong tin trén xac nhan rang, cac mau
thu duoc c6 do két tinh tét, phi hop voi
cau tric nhom khdng gian B2ab, khing
dinh di ché tao thanh cdéng bot nano
Bi,WOs@(0-5)%GO va khong xuét hién
cac pha tap chat khéac. R& rang rang, GO
khong gay anh huong dén ciu trdc mang
tinh thé cua Bi,WOQs. Hon nita, cuong do
tin hiéu cac dinh nhiéu xa dic trung cua
graphene rét thap va khong duoc quan sat
thiy trong nanocomposite
Bi,WOs@5%GO, nhu vay viéc sir dung
ham luong 5% GO dé tong hop céc
nanocomposite la hop ly.

Kich thuéc trung binh tinh thé (d) cua céc
vat lieu Bi,WOs@(0-5)%GO, duoc Xac
dinh theo cong thtrc cta Scherrer:

*
4= 0.89* 1 1)
FWHM *cosé

Trong do, A = 0,15406 nm (CuK,),
FWHM la gdc ung vai nira chidu cao cua
cuc dai nhidu xa tai goc 20 tuong ung.
Theo cong thic (1), két qua tinh toan
duong kinh trung binh tinh thé cua céc
nano Bi,WOs@(0-5)%GO nam trong
khoang 11,16-15,48 nm (Bang 1). Nhu
vay, bang céng nghé thuy nhiét hd trg
song siéu am, da tong hop nhanh, thanh
cong va hiéu qua cac nanocomposite
Bi;WOs@GO c6 kich thudc tinh thé nho,
thich hop cho cac tng dung quang hoc va
quang xuc tac.
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Hinh 3. Gidn do XRD cua: (a) GO va Bi,WOs@(0-5)%GO, (b) Chudn hod Gauss dinh nhiéu xa (131) ¢
gbc 26 ~28°.
Bang 1. Kich thiréc tinh thé trung binh (d) cia céc vat lidu va Bi,WO,@(0-5)%GO theo cong thiic
Scherrer.
Nanocomposite Goc 20 tai Goc Cong thirc Scherrer:
- 0
mat mang (131) | FWHM (°) d (nm)
H o] o]
Bi,WOs@0%GO 28,01077 0,72569 11,16
H 0 0
Bi,WOs@5%GO 27,85572 0,52280 15,48

3.4. Hinh thai bé mat SEM, TEM cia GO va cac nanocomposite Bi;WOs@(0-
5)%GO

6

Hinh 4. 4nh SEM: (a) GO, (b) Bi;WOs, () Bi,WOs@5%GO va dnh TEM: (d) GO, (€) BiWOs, (f)

Bi,WOs@5%GO.
Hinh 4(a-f) hién thi cac anh SEM va TEM 5)%GO. Anh SEM trén hinh 4(a-c) cho
cuta GO va céc vat lieu Bi,WOs@(0- thay, GO c6 cau tric x6p min va cac nano
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Bi,WOs@(0-5)%GO c6 hinh thai dang
l6p vay mong chdng chéo 18n nhau. Khi
khéng cd GO, cac hat Bi;WOg thé hién
hinh thai giéng nhu dang vay véi kich
thugc hat nhé hon. Vat lieu c6 vé xop,
dugc danh dau bang nhiéu 16 rdng va ranh
gidi hat khé rd rang. Khi c6 GO, ciu tric
hat Bi,WOs@5%GO trd nén dac hon, cac
hat gén két chat ché véi nhau hon.

Anh TEM trén hinh 4(d-f) hién thi rd cu
trdc dang hat nano cau cia GO va cau
trac I6p mong hinh vuéng/chir nhat caa
cac nano Bi,WOs@(0-5)%GO, da lam
tang cac khoang 16i 18m, 15 tréng va dién
tich bé mat vat liéu. Hién tuong ndy xay
ra, c¢6 lién quan dén tac dung tich cuc cua
song siéu am, trong viéc tach va phan tan
cac I6p GO, hinh thanh cac twong tac hoa

hoc (tinh dién, phéi tri, n—m) manh hon
voi BiBWOg, tao ra cac hat nano
vuong/chir nhat Bi,WOs@(0-5)%GO voi
kich thuéc khoang 30-60 nm, ching két
tu véi nhau thanh céc tim mong xép
chdng 18n nhau [6-8]. Su phan tan tét cua
GO vao Bi;WOs, lam ting dién tich bé
mit va ting cuong chuyén dong cua
electron trong cac nanocomposite. Két
qua ndy, s& c6 anh huong tich cuc dén
phan tng quang Xuc tac xir ly céc chat
hiru co kho phéan huy.

35. Thanh phan hoéa hec
nanocomposite Bi,WO@(0-5)%GO

Thanh phan va sy phan tan cac nguyén té
hod hoc trong nén vat lisu nano
Bi,WO@(0-5)%GO duoc trinh bay trén
hinh 5(a—h).

cua

Hinh 5. Phé EDS thanh phan: (a) Bi,WOg, (b) Bi,WOs@5%GO va Phé EDS mapping: (c) Bi;WOs, (d)
) ) Bi,WO@5%GO
Mau sac nguyén to: (e) O — xanh 14, (f) Bi — do dam, (g) W — xanh luc, (h) C — ndu den.

Phé EDS thanh phan trén hinh 5(a—b)
chang minh su ton tai cua 4 nguyén t O,
Bi, W va C trong cac mau, voi téng ham
lugng 1a 100%, cho thay cac vat liéu nano
t6ng hop duoc co do tinh khiét rat cao.
Hinh 5(c-d) thé hién rd pho EDS
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mapping cua cac nano Bi,WO@(0-
5)%GO, voi su xuat hién anh xa va mat
d6 phan tan déng deéu tat ca cac thanh td
trong nén vat liéu trén Hinh 5(e-h). Dit
kién nay 1a mot minh chung xac dang vé
hiéu qua cua céng nghé thuy nhiét ho trg
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s6ng siéu am, sir dung dé tong hop thanh
cong cac vat liéu co tinh nang tot nhu
kich thudc nano nhé hon 20 nm, d6 tinh
khiét cao, phan tan dong nhét, hap thu

quang tot va tiém ning ap dung cac nano
Bi,WOs@(0-5)%GO trong linh vuc
guang xuc tac, xuc tac oxi hoa, cam bién,
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Hinh 6. Bé mgt riéng ciia nanocomposite Bi,WOs@5%GO: (a) Pang nhiét hap phu/giai hdp phu No; (b) Phan bé
thé tich mao quan theo kich thuéc mao quan; (c) Phan bo dién tich mao quan theo kich thuéc mao quan.

3.6. Dién tich bé mait riéng va cau trac
mao quan cua nanocomposite
Bi;WOs@(0-5)%GO

Két qua phan tich dién tich bé mat riéng
cua vat liéu dai dién Bi,WOs@5%GO duoc
trinh bay trén hinh 6(a,b,c). Hinh 6a cho
thiy, duong ding nhiét hap phu - giai hap
phu N, cua nanocomposite
Bi;WOs@5%G0O ¢c6 dang duong ding
nhiét hap phu loai 111, caa vat lieu mao
quan trung binh, c6 hinh thai tim nano
mong. Dién tich bé mat riéng coa
nanocomposite Bi,WOs@5%GO khoang
15,77 m?/g, cAc mao quan c6 tdng thé tich
la 0,0475 cm®/g va trung binh duong kinh
mao quan la 17,526 nm. Vat liéu
Bi;WOs@(0-5)%G0O gdom céac 156 vi xbp
siéu nho va trung gian, c6 kha ning hap
phu tét, xtr ly tét cac chat hitu co trong
nudc [9-11].

4. KET LUAN

Céc vat liéu nano Bi,WOQOg, nanocomposite
lai cdu tric 16p mong Bi;WOs@5%GO da
dugc tong hop thanh cong bang céng nghé
thay nhiét hd tro song siéu &m va chi ra cac
dic trung tinh chat doc déo. Pho FT-IR da
khéng dinh su xuét hién cac dao dong
nhoém ve=o (1712,48 cm?), ve-c (1631,48
cm ), ve o (1054,23 cm™), 8o (1384,64
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Cm_l) dac trung ciia GO va vgj o i bat dbi
xing (578,54 cm™), dao dong kéo dan W-
O (736,67 cm™) va Bi-O (817,67 cm™).
Phd tan xa Raman cua hién thi o hai dinh
D (1336,15 cm ™ ) va G (1591,24 cm ™) dién
hinh cia GO, Véi su gia ting mirc do khiém
khuyét va réi loan trong ciu tric. Cac ché
do dao dong nhom dac trung Eg, Big va Ayg
cua Bi,WOg ciing dugc xuat hién rd rang,
kém theo véi dich chuyén vi tri dinh trong
nanocomposite Bi;WOs@5%GO. Gian d6
nhidu xa tia X khang dinh su hinh thanh
cau trc tinh thé cua Bi,WOs@(0-5)%GO
va ¢6 hiéu ung tang nhe kich thudc tinh thé
trung binh khi c6 sy lai ho& véi GO. Anh
SEM va TEM cho thay, GO cd dang nano
cau lop mong, trong khi cac nano
Bi,WOs@(0-5)%G0O két tu khong déu &
dang tim mong hinh vuéng, kinh thudc hat
nhé hon 50 nm. Thanh phan hoa hoc, d6
sach cao va sy phan bd déng déu cac
nguyén té O, Bi, W, C trong cac nano dugc
Xac nhan bang phép do EDS. Vat liéu
Bi,WOs@5%GO c6 dién tich bé mat kha
I6n, gébm céc 16 mao quan trung binh va vi
x6p, gan vai ding nhiét hap phu loai IlI.
Céc nano Bi.WOs@(0-5)%GO co nhing
tinh chét dic trung tét va doc dao, co trién
vong dinh hudng tng dung tham do xur ly
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céc chat hitu co doc hai, khé phan huy
trong nudc trong thoi gian tiep theo.

Loi cam on: Nghién ciru nay duoc tai trg
boi Truong Dai hoc Su pham — Dai hoc
Thai Nguyén thong qua de tai khoa hoc va
cdng nghé cip co sd, ma s6 TNUE-2025—
08.

TAI LIEU THAM KHAO

[1]. A. Elaouni, M. EI Ouardi, A. BaQais, M.
Arab, M. Saadi, and H. Ait Ahsaine (2023).
Bismuth tungstate Bi,WOQOg: a review on
structural, photophysical and photocatalytic
properties. RSC Adv., 26(13), 17476-17494.

[2]. Z. Li, K. Wang, J. Zhang, Y. Chang, E.
Kowalska, and Z. Wei (2022). Enhanced
Photocatalytic Activity of Hierarchical Bi,WOQOg
Microballs by Modification with Noble Metals.
Catalysts, 2(12), 130.

[3]. B. Yao, G. Zheng, Y. Luan, L. Wang, X
Xing, Y. Wang, Y. Liu, J. He, and F. Zhang
(2023). Cost-effective Bi,WOQOg for efficient
degradation of rhodamine B and tetracycline. J.
Mater. Sci. Mater. Electron., 4(34), 1-19.

[4]. C. H. Wu, C. Y. Kuo, C. Di Dong, C. W.
Chen, Y. L. Lin, and C. Y. Liu (2019).
Synthesis of Bi,Os/Bi,WOs composites using
single-step solvothermal method:
Determinations of surface characteristics and
photocatalytic activity. Desalin. Water Treat.,
(151), 56-65.

[5]. J. Xie, L. Huang, R. Wang, S. Ye, and X.
Song, (2020). Novel visible light-responsive
graphene  oxide/Bi,WOQOg/starch  composite
membrane for efficient degradation of ethylene.
Carbohydr. Polym., 1(246), 116640.

[6]. H. Wang, Y. Liang, L. Liu, J. Hu, and W.
Cui (2017). Reduced graphene oxide wrapped

68

Bi,WOg hybrid with ultrafast charge separation
and improved photoelectrocatalytic
performance. Appl. Surf. Sci., (392), 51-60.

[7]. C. Sun, Y. Wang, and Q. Su (2018). Sol-
gel synthesis of Bi,WOg/graphene thin films
with enhanced photocatalytic performance for
nitric monoxide oxidation under visible light
irradiation. Chem. Phys. Lett., (702), 49-56.

[8]. A. Muthumariyappan, U. Rajaji, S. M.
Chen, T. W. Chen, Y. L. Li, and R. J.
Ramalingam (2019). One-pot sonochemical
synthesis of Bi,WOs nanospheres with
multilayer reduced graphene nanosheets
modified electrode as rapid electrochemical
sensing platform for high sensitive detection of
oxidative stress biomarker in biological sample.
Ultrason. Sonochem., 3(57), 233-241.

[9]. A. Riaz, M. Saeed, M. Munir, A. Intisar, S.
Haider, S. Tarig, N. Hussain, R. Kousar, M.
Bilal (2022). Development of reduced graphene
oxide-supported novel hybrid nanomaterials
(Bi,WOs@rGO and Cu-WO,@rGO) for green
and efficient oxidative desulfurization of model
fuel oil for environmental depollution. Environ.
Res., PA(212), 113160.

[10]. C. Chen, S. Cao, W. Yu, X. Xie, Q. Liu,
Y. Tsang, Y. Xiao, (2015). Adsorption,
photocatalytic and sunlight-driven antibacterial
activity of Bi,WOs/graphene oxide nanoflakes.
Vacuum, 3(116), 48-53.

[11]. K.Y. Kumar, M.K. Prashanth, H.
Shanavaz, L. Parashuram, F. Alharethy, B.H.
Jeon, V.S. Anusuya Devi, M.S. Raghu, (2024).
Spent Li-ion batteries derived synthesis of
boron doped RGO-Bi,WOQg for photocatalytic
degradation of antibiotics. Appl. Surf. Sci. Adv.,
(19), 100569.



	SĐB.25.I9

