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SUMMARY
SYNTHESIS OF WO3/rGO COMPOSITE FOR ENHANCED AQUEOUS
CIPROFLOXACIN AND METHYLENE BLUE PHOTOCATALYTIC
DEGRADATION UNDER VISIBLE LIGHT

A heterojunction of two semiconductor materials, WO3 and rGO, was synthesized into a composite material
system via a facile sol-gel method. This synthesis produced a WOs/rGO material with exceptional
photocatalytic capabilities, overcoming the limitations of pristine WO3; and rGO materials. The enhanced
photocatalytic activity of WOs/rGO is attributed to the efficient charge transfer from WO; to the
interconnected rGO network, which extends the lifetime of photogenerated charge carriers.
Characterization of the synthesized materials using modern analytical techniques, including XRD, SEM,
EDX, FTIR, UV-Vis DRS, and BET, confirmed their structural and morphological properties. The WO,/rGO
composites demonstrated excellent photocatalytic activity in decomposing the organic dye methylene blue
(MB) and antibiotic pollutants like ciprofloxacin (CIP) under visible light irradiation. Furthermore,
reusability studies revealed that rGO acts as an effective adsorbent while WO provides catalytic activity,
highlighting the potential of rGO as a support material for WO5 catalytic centers. The durability of the
WO3/rGO material was demonstrated through three cycles of use, maintaining over 87% efficiency in
methylene blue degradation under visible light. These results underscore the promising application of
WO,/rGO material for organic pollutant removal in wastewater treatment processes.
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1. PAT VAN PE chtra nhiéu chat hitu co bén khé phan huy
sinh hoc khong dugc xur 1i thai ra ngoai
modi trudng xung quanh gdy 6 nhiém
[2,3]. Doc tinh gy ra cac van dé suc khoe
nghiém trong cho con nguoi va cé thé anh
hudéng dén thyc vat phu du cia hé thuy
sinh [4]. Dé giai quyét cac van dé nay, cac
chat xtic tic quang da ching to tinh wu
viét nhu than thién voi moi trudong, chi

Trong thap ky hién dai nay, cdc nganh
cong nghi¢p nhu dét may, nong nghiép va
dugc phim da thai chat thai hoa hoc
khong duoc kiém soat vao song, hd, ao va
dai duong. Hau quéa cap tinh va man tinh
ciia cac chat 6 nhiém doc hai ndy anh
huong dén sy sdng cua sinh vét va thay
sinh [1]. Pang cha ¥, thudc nhudém cé
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phi thap, khong doc hai va co do on dinh
cao trong xur 1y chat thai thuéc nhudém
trude khi thai vao ngudn nude [5]. Ngoai
ra, dé diéu tri nhiém trung do vi khuan va
ndm & ngudi va dong vat, cac hop chat
htru co khé phén huy sinh hoc da dugc sur
dung lam thubc khang sinh. Tuy nhién,
cac loai thuc doc hai thong qua nude tiéu
s€ tr¢ thanh khang sinh khong chuyen
hoa, ton luu l4u ngay giy anh huong dén
moi trwong sinh thai [6]. Nhiéu loai khang
sinh da dugc phat hién trong nudc udng,
nudc blen nudc ngdm va nudc mit [7].
Trong s& do, ciprofloxacin (CIP) thuong
dugc tim th'?iy trong nudc va dat dudi
dang hop chét hitu co bén kho phan huy
sinh hoc, chuyén héa thanh nhiéu chat
trung gian ddc hai hon [8]. Vi vay, can ¢6
mot cong nghé tot dé loai bo cac chat 6
nhiém d6c hai ra khoi méi trudng nudc.
Gan day, nhiéu chit ban din di duogc
nghién ciru st dung lam chat xuc tac
quang dé xtr 1y nudc 6 nhidm nhd kha
nang oxi héa manh va tbc do khoang hoa
cao da gitp loai bé hiéu qua cic chat 6
nhiém hitu co trong nude [9]. Tuy nhién,
ning luong ving cim rong da lam han
ché kha nang str dung cuia chiing dudi anh
sang kha kién [10].

Vonfram oxit (WO3) 1a mét chit xac tac
quang day htra hen nho khoang cach ning
luong hep (2,4 — 2,8 eV) va kha nang oxi
hoa cao (3,1 — 3,2 Vnne) clia dai hoa tri
(VB), diéu nay thuén loi trong viéc xur li
dué6i 4nh sang kha kién [10-12]. Vi vay,
WO3 da dugc dung cho nhiéu linh vyc
nhu phan huy quang hoc, khir trung vi
khudn, khit CO,, tao H, va tich nudc
[13,14]. Tuy nhién, WO3 nguyén chat c6
ving dan (CB) thap nén khong thich hop
cho phan g véi cac chat nhan electron,
didu nay co thé tao ra su tai to hop e/h”
quang sinh [15]. Do do6 vi¢c nghién ciu
cai thién vung din cia WOs; 1a rat can
thiét. Gan day, tinh thé nguyén t hai
chiéu (2D) cua graphene c6 cac dic tinh
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vuot troi nhu dién tich bé mat riéng 16n va
kha ning truyén dién tich tét nén duoc st
dung rong rdi dé didu ché cac nano lai v6i
chét ban din [16,17]. Hon nita, graphene
oxit dang khir (rGO) hoat dong nhu mot
chét trung gian dé truyen dién tich giup
keéo dai thoi gian sdng cua electron va 16
trbng quang sinh trong vat li¢u lai [18].
Tuy nhién c6 rat it nghién ciru vé hé WO;
trén rGO dé loai bo 6 nhidm khang sinh
md&i nhu ciprofloxacin. Trong nghién ctru
nay, vat licu WO3 duoc hinh thanh trén
cic tim rGO theo phuong phap sol gel
thu duoc vat licu WO3/rGO. Vat liéu
dugc chung minh hoat tinh xuc tdc quang
trén sy phan hiy chit 6 nhiém thudc
nhuém hitu co methylene blue 20mg/L
(MB) va khang sinh ciprofloxacin
10mg/L(CIP) dudi buc xa anh sang nhin
thdy. Luong rGO duoc thay doi dé giap
tang d0 nhay quang va tang hoat tinh cia
xuc tac. Vit liéu téng hop dugc dic trung
cdu tric bang phwong phap phan tich
XRD, FTIR, SEM, TEM, EDX, UV-Vis
DRS, BET.

2. THUC NGHIEM
2.1. Hoa chit tong hop

TAt ca cac hoa chét 1a loai phan tich, dugc
str dung truc tiép ma khong can tinh ché
gi thém. Graphite (99,99%), sulfuric acid
(H2SO4 98%), sodium nitrate (NaNO3),
potassium  permanganate  (KMnQO,),
hydrogen peroxide (H,O, 30%), ascorbic
acid (CgHsOg), hydrochloric acid (HCI
36%), ethanol (C,HsOH 98%), nitric acid
(HNOj3 65%), sodium tungstate dihydrate
(NaZWO4.2H20).

2.2. Quy trinh tong hop vit liéu

2.2.1. Tong hop GO va rGO

Cho 1,000 gam graphite, 24,0 mL H,SO,4
dam dac va 0,500 gam [\IaN03 vao coc
dung tich 250,0 mL. Khuay dung dich ¢ 5
°C trong mot gio. Sau dé nang nhiét do
lén 15 °C va thém tu tr 3,000 gam



KMnO,; vao dung dich. Tiép tuc thém
100,0 mL nuéc cat, nhiét d6 dung dich
duoc nang 1én 90 °C va tiép tuc khudy
trong mot gio. Thém vao dung dich 5,0
mL H,0, (30%) va khudy tlep mdt gio
nita. Pem dung dich loc rua nhleu lan véi
HCI 10% va rira lai bang nuéc cat ¢én pH
trung tinh. Cudi cing siy kho hdn hop &
70 °C thu dugc graphene oxit (GO).

Cho 1,000 gam GO vao 250,0 mL nuéc
cat, khudy trong 15 phat, thém 10,000 g
acid ascorbic va khudy lién tuc 8 gio & 50
°C. Loc rira hdn hop nhiéu 1an bang nudc
cat dén pH trung tinh. Siy kho hdn hop &
70 °C trong 24 gio thu dugc graphene oxit
dang khtr (rGO).

2.2.2. Tong hop WO3, WO3/rGO

Cho 1,200 gam Na,WO0,4.2H,0, x gam
rGO (trong d6 x thay ddi tir 0,100g =+
0,500g) vao cbc co6 chra 17,0 mL
C,HsOH khan; 0,4 mL HNO;z; va 1,6 mL
nude cat. Khqu déu dung dich ¢ nhiét do
phong trong 2 gid thu duoc két tha. Say
kho két tia ¢ 100°C trong 3 gior va nung &
425 °C trong 3 gio ta thu dugce vat liéu
WO3/rGO.

Vit liég WO3 duoc téng hop tuong tu qui
trinh tong hop WOs3/rGO nhung khong
cho rGO vao qua trinh tong hop.

2.3. Phuong phap phén tich

Vit liéu rGO, WO3, WO3/rGO dugc phan
tich cau tric va hinh thai bé mit bang cac
cong cu XRD (D8 — Advance 5005) xac
dinh thanh phan pha; UV-Vis DRS
(Tasco-V670 photospectrometer) — tinh
chét quang cua vat liéu; Phd tan xa nang
luong tia X - EDX (JEOL-JSM 6490) —
xac dinh thanh phﬁn hoa hoc trong mau;
FTIR xac dinh lién két trong vat liéu.
Hinh anh bé mit va dé xbp vat liéu duoc
x4c dinh bang phan tich SEM (Hitachi
S4800 electron Microscope), hip phu
BET. Nong d6 dung dich phim nhudm
MB, CIP duoc xac dinh theo phuong
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phap tric quang trén may UV-Vis JASCO
V-730, Nhat Ban.

2.4. Thi nghiém khao sat hoat tinh x(c
tac quang cia vat liéu

Hoat tinh quang xuc tac cua vat liéu dugc
danh gia bang cach phan huy dung dich
methylene blue (MB) 20 mg/L va
ciprofloxacin (CIP) 10 mg/L dudi anh
sang kha kién. Pén compact (18W) co
budc song tir 400 nm dén 700 nm duoc st
dung 1am ngudn sang thay vi anh sang tu
nhién. Dé tién hanh thi nghiém, 100,0 mL
dung dich can xu 1y dugc cho vao cdc
dung tich 250,0 mL va thém 1,5 g/L chat
xuc tac quang. Dung dich nay dugc khudy
& toc do khong d6i trong bong tdi trong
30 phat dé dat duoc trang thai cin bang
hap phu trude khi duge chiéu sang bang
dén compact. Nong d6 con lai cia MB va
CIP duoc xac dinh bang phuong phap trac
quang & budc song hap phu cuc dai & 653
nm va 326 nm.

3. KET QUA VA THAO LUAN
3.1. Két qua dic trung vat lidu

3.1.1. Két qua ddc trung vt liéu rGO,
WO3, WO3/rGO

Mau nhiéu xa tia X (XRD) cua vat liéu
rGO, WOz va WO3/rGO (Hinh 1a) cho
thdy cac tin hiéu phan xa chinh cia WOs3
dugc phat hién ¢ 23,11° (002), 23,67°
(020), 24,23° (200) va 33,85° (202) [19].
Nhimng két qua nay phu hop voi cac bao
cao chi ra rang viéc gdn WO3 vao rGO
khong 1am thay ddi thanh phan pha cia
vét liéu [8,14]. Nhu thé hién trong Hinh 1,
cling cho thay dinh nhidu xa rong (002)
trong pham vi tir 23° dén 26°, tuong tng
v6i khoang cach giita cac 16p cua cc tim
graphene xép chong 1én nhau ¢ 4,47 A va
3,53 A, co su khac véi goc nhiéu xa cla
GO thé hién cudng 6 manh va dinh nhon
0 20 = 11,7°, tuong tmg véi khoang céch
gitra cac 16p 1a 7,6 A (002) [20]. Diéu nay
chung té viéc khir GO gitp loai bd cac



phan tir nuée va nhom oxit xen k&. Mau
XRD cta t& hop WO3s/rGO biéu thi su
chdng 1ap cta mat phang (002) cia rGO
v6i mat phing (002) cia WOs. Phan tich
nhiu xa tia X mot phén ching minh sy
lai ghép cia WO3 va rGO. Cac pha cua
WO3 va rGO déu giit nguyén ciu tric ban
dau sau khi lai ghép.

Dic trung hinh thai bé mat vat liéu rGO
va WO3/rGO duogc thé hién qua két qua
phan tich hién vi electron quét SEM
(Hinh 1b-c). Két qua anh SEM vat liéu
WO3/rGO (Hinh 1c) cho thdy hinh anh
cua cac hat WO3 phu trén bé mat cua
rGO. Két qua anh SEM da mot phan kiém
chung két qua dugc néu & phan tich XRD
cua vat liéu.

Intensity (a.u)

WOy/rGO (a) va anh SEM ciia mau rGO (b),
WO,/rGO (c)

Phé EDX (Hinh 2a-b) cho thdy sy ton tai
cua cac dinh W va O trong vat li¢u WOs3
va cac dinh W, O va C trong vat li¢u
WO53/rGO. Viéc giam ty 1¢ phan trim
nguyén tir cia O va W (Bang 1) c6 thé 1a
do su két hop cia rGO vao vat liéu. Cac
anh maping cia nguyén t6 trong mau
WO3/rGO (Hinh 2d) cho thiy su phan bd
xen k& cua cac thanh phan W, O va C.
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Ngoai ra, sy hién dién cta cac nguyén tb
Vi lugng nhu S, Na va Al trong vat liéu
WO3/rGO ciing dugc ghi nhan, cé thé 1a
do tap chét trong than chi va NaNOj; dur tir
qua trinh tong hop GO. Két qua EDX xéc
nhan su tao thanh composite gitra WO3 va
rGO.

Hinh 2. Phé EDX ciia mau WOj (a); WOy/rGO (b)
va anh xa cua cac nguyén to trong mau WO;z (),

WO3/rGO (d)
Bdng 1. Ti ¢ % cdc nguyén t6 trong mdau WO3 va
WO3/rGO
R Mau WO, Mau WO5/rGO
Nguyén [ Ai o an| o i o a
b |70 Khoi |% Nguyén| % Khoi | % Nguyén
luong o luwong tur
) 39,75 88,35 24,46 42,30
w 60,25 11,65 46,16 6,95
Cc 0 0 14,50 33,40
S 0 0 0,43 0,37
Na 0 0 12,11 14,57
Al 0 0 2,34 2,40
Tong | 100,00 | 100,00 | 100,00 100,00

Pho FTIR cua mau WOs/rGO (Hinh 3a)
cho thay viing 1384 cm™ dc trung cho sy
dao dong cua lién két W=0 trong tinh thé
WO;. Ngoai ra, mot sé dinh tai ving 1368
cm? dn 1401 em™ twong Gng voi dao
dong kéo dan cia lién két W=0 trong tinh
thé WO; [11]. Ngoai ra, phé FTIR cua
mau WO3/rGO ciing cho thiy sy hién
dién cua cac dinh khac nhau & 3560 cm?,
1700 cm™, 1540 cm™, 1268 cm™ va 1052
cm™, twong tmg voi dao dong kéo gidn
O-H cua cac phan tir nudc hip thu bé
mat, cua nhom carbonyl (C=0), nhom




C=C trong vong thom va nhéom C-O
trong rGO [19]. Két qua phan tich phd
hdéng ngoai dd chimg to sy thanh cong
trong viéc tao composite WO3 voi rGO.
Két qua trén phu hop véi két qua da dugc
phan tich tir gian d6 nhiéu xa tia X.
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Hinh 3. Phéi FTIR (a) va UV-Vis DRS (b) cua vt
liéu; So E?é co che chuyén dich dién ;z’ch (c) va
dwong dang nhiét hap phu va giai hap phu nito

ciia WO»IrGO (d)
Phé hip thy UV-Vis DRS (Hinh 3b) cia
vat lieu WO3/rGO cho thiy sy mo rong
ctia canh hap thy vé phia ving 4nh sang
kha kién so véi vat lieu WO5 don pha.

Ngoai ra, & pho UV Vis cia WO3/rGO c6

su 16ng ghép cua pho rGO. Viée giam
ning luong & ving cdm ciia WO3 c6 thé
la do su hinh thanh vat liéu WOs/rGO,
trong d6 WO;3; dugc phan tan trén mang
lién hop cua rGO (Hinh 3c). Piéu nay
gitip rat ngan khoang cach chuyén dich
electron trén vat lieu WO3/rGO nén dan
dén giam niang luong ving cidm cua vat
licu. Do do vat ligu xGc tac quang
WO53/rGO c¢6 thé hoat dong trong ving
anh sang kha kién. Tir két qua phan tich
UV-Vis ¢6 thé cho dy doan so do chuyén
dich electron trén hé vat liéu WOs/rGO
(Hinh 3c) va m6 td qué trinh phan huy
chét hiru co boi vat liéu nhu sau:

WO3/rGO  +hv — WO3/rGO” (h*/ e)
)
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h* + OH/H,0—>"0OH + H" (2)
e + rGO —e (rGO) 3)
e (rG0) + 0,— 05 (rGO) 4)
MB/CIP + "OH — San phim (5)
MB/CIP + 05~ — San pham (6)

Nhu vdy rGO dong vai trd nhu chét
truyén dién tich giup kéo dai thoi gian
sdng clia cac electron quang sinh va ciing
1a noi luu giit chat hiru co gitp tao thuin
loi cho cac tam hoat dong cua xtc tac
phan hay chung.

Dua trén két qua phan tich dang nhiét hap
phu thé hién & hinh 3d cho thdy cac miu
vat lidu déu twong Ung voi duong ding
nhiét loai IV va vong tré H3, theo phan
loai TUPAC [21,22]. Piéu nay chimg t6
rang WO3/rGO 1a vat lidu xdp, c6 dién
tich bé mat 16n 20,15 (m?%g) va phan bd
kich thuéc 16 trung binh c6 ban kinh
khoang 1,72 nm. Vi két qua phan tich
BET da chung té vat liu c6 kha nang sy
hap phu t6t va luu giir cac phan tir hitu co
¢ hoat tinh cao trén bé mit cua nd, tao
diéu kién thuan loi cho cac tam hoat dong
ctia xuc tac phan huy cac hop chat hitu co
dugc dé dang hon. Ngoai ra két qua phan
tich BET cho thdy su phan tdn WO3 trén
vong thom ciia rGO c6 thé lam giam kich
thudc 16 tréng, chimg minh c6 sy hinh
thanh hon hop WO3/rGO thyc sy di tac
dong dén hinh thai va tinh chat cua vat
liéu. Nhu vay, viéc gén WOj3; Ién rGO da
g6p phan 1am giam nang lu’omg ving cam,
giam kha ning tai t hop e/h* quang sinh,
tao diéu kién cho su chuyén ving hoat
dong ciia xuc tac vé vung anh sang kha
kién va ting hoat tinh xtc tac

3.2. Két qua khao sat hoat tinh xiic tic
quang cua vat liéu trén sy phan huay
methylene blue

Kha ning hip phu va xfc tac quang cua
vat liéu dugc nghién ctu trén vi¢e xu ly
dung dich phdm nhuém methylene blue



(20mg/L) duéi su chiéu xa anh sang kha
kién (Hinh 4). Két qua cho thiy rGO thé
hién kha nang xt 1y methylene blue cao
nhung hiéu suit tai sinh rat thip (Hinh
4b). Piéu nay co thé duoc giai thich boi
tinh chat hap phu cao cta rGO. Vi kha
nang xu MB cua vat liéu WO3/rGO ban
dau chi cao thtr hai sau rGO nhung kha
nang tai st dung sau mot chu ky cua
WO3/rGO dat dugc 1a cao nhat va 6n dinh
nhét. Do d6, dua trén sy can ddi gitta kha
ning hap phu va hiéu sudt tai sinh bang
xUuc tdc quang trong vung anh sang kha
kién, composite WO3/rGO duogc lua chon
cho nghién ctru sau hon cua chung toi.
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Hinh 4. Két qua phdn hiy MB bm vat ligwrGO, o
WO3, WOy/+GO duoc sir dung lan dau (a) va sau
mot chu ky tdi su dung (b)
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Hinh 5. UV-Vis ciia dung dich MB bi phdn hiy boi
xUc tac WO3/rGO theo thoi gian (a) va sw anh
hieong ciia ti 1é rGO dén hoat tinh xiic tic quang
cuia vt liéu WOsIrGO (b)

Két qua do UV-Vis dung dich MB theo
thoi gian xir Iy bang WO3/rGO (Hinh 5a)
cho thiy cuong do hap thu cuc dai cua pic
dic trung cho methylene blue giam dan
theo thoi gian xir li va dat gia tri rat thap
(gan bang 0) sau 2 gid xuc tic quang. Vi
néng do MB duogc sir dung cao hon 50%
[23] va thoi gian phan huy nhanh hon
30% [24] so vo1 nhitng nghién ctu trudc
day cho thiy vat litu WO3/rGO c6 hoat
tinh xtc tac quang cao. Két qua khao sat
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anh huong luong rGO pha tap dén hoat
tinh cua vat liéu WO3/rGO (Hinh 5b) cho
thdy rang néu ting luong rGO trong méau
> 0,300g thi c6 thé xay ra su can quang va
tai to hop dién tich nén lam giam hoat tinh
xuc tac. Nguoc lai khi luong rGO trong
mAau nhé hon 0,300g thi dién tich bé mit
nhé va c6 thé lam giam d6 nhay quang
cua vat liéu. Vay lugng rGO thich hop
cho viéc pha tap l1a 0,300g thi hi¢u suét
phan hiy MB 12 t6i vu nhat.

3.3. Két qua khao sat hoat tinh xiic tac
quang cua vat liéu trén sy phan hiy
ciprofloxacin

light or
M«L —8— WO,iGO
—e—wo,
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Hinh 6. Hiéu sudt xit li CIP boi vt liéu rGO, WO,
WO3/rGO (a); sau 3 lan sir dung xiic tac WO,/rGO (b)
Hiéu suit xuc tac quang ctia WO3, rGO va
WO3/rGO khéng chi dugc kiém chimg
trén sy phan hiy phim nhuém ma con
dugc kiém tra trén sy phan hily khang
sinh CIP (Hinh 6a). Két qua cho thay hiéu
suat phan hiy CIP cia mau WOs/rGO dat
hon 95%, trong khi mau WO; dat hiéu
sudt 50%, rGO 62%. Diéu nay hoan toan
phul hop véi nhimng két qua phan tich thu
duogc tir dac trung vat licu. Do bén cua vat
lidu WO3/rGO ciing dugc khang dinh qua
3 1an st dung dé phan hay CIP (Hinh 6b).
Hiéu suét xuc tac van dat trén 87% sau 3
lan st dung. Qua nghién ctru ching to vét
licu WO3/rGO c¢6 hoat tinh xtc tac trén
nhiéu loai chat hitu co gay 6 nhidm khac
nhau va co6 do bén tot sau nhidu lan sir
dung. Diéu nidy mo ra tr1en vong (g
dung xuc tac trong thyc t& xur li mot sd
chét hiru co bén, kho phan huy sinh hoc,
gy 6 nhiém moi truong.



4. KET LUAN

Vat 1éu WO3 lai ghép rGO duoc diéu ché
don gian theo phwong phap sol gel két
hop vé6i nung. Két qua dic trung vat lidu
chung té6 c6 sy khu GO thanh rGO va
thanh phan pha rGO va WO; van giit
duoc sau khi lai ghép. Cac nguyén té C,
W, O chiém hau hét trong mau WO3/rGO
didu nay chimg t6 co sy tao composite
gita cac vat ligu. Vat lieu té)ng hop
WO3/rGO ¢6 thé thic diy sy phan tich
cac hat mang dién va tang cuong kha
nang truyén electron hiéu qua. Két qua 1a
vat liéu nanocomposite WO3/rGO cho
thdy su cai thién hoat tinh xuc tac quang
tang dang ké so vai cac vat liéu don 1¢
trén sy phan huy methylene blue va
ciproflocaxin. Dudi su chiéu xa anh sang
kha kién, hiéu sudt phan huy methylene
blue dat 98% sau 90 phut va CIP dat 96%
sau 120 phut. Hon nira, vat liéu WO3/rGO
thé hién kha nang on dinh quang hoc va
kha ning tai s dung tot sau ba lan thir
nghiém lién tiép. Vi vay, vat lidu
nanocomposite WO3/rGO 1a chat xuc tac
day htra hen dé ung dung trong xir li cac
chat hitu co gdy 6 nhiém duéi sy chiéu xa
anh sang kha kién.

Xung dot lgi ich: Céc tac gia xac nhan
hoan toan khong c6 xung dot ve loi ich.
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