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Trong nhirng ndm gan day, van dé 6 nhiém khang sinh trong nwéc da tré nén ngay cang
nghiém trong trén toan cau. Cé nhiéu phwong phap dwoc sir dung nhwng quang xuc tac la
mét phwong phap mai, hiéu qua trong viéc xr ly vat liéu hiru co. Vat liéu quang xdc tac
ZnO dwoc ap dung rong rai trong linh vire x& ly méi triedng, nhwng vat liéu ZnO cé nhwoc
diém la chi thé hién hoat tinh quang xuc tac dwdi tac déng cua tia UV. Vi vay, nhém nghién
ctru da tbng hop va phan tich vat liéu Bi,WOe/ZnO bang cac k¥ thuat phan tich hién dai
nhw XRD, EDX, FT-IR, SEM va UV-VIS. Két qua cho thdy vat liéu 20% Bi,WO¢/ZnO
cho hiéu qua xt ly tét nhat trén 86% véi diéu kién xt ly tdi wu: pH = 7, khéi lwong vat liéu
0,05 g, th&i gian xt ly la 150 phat. Vi vay, vat liéu nay da cho thay tiém nang cao trong viéc
xt ly khang sinh trong nwéc.

Zn0, Bi,WOg/Zn0O, khang sinh Levofloxacin, xdc tac quang.

In recent years, the problem of water pollution containing antibiotics has become more and
more serious at a global level. There are many methods used but photocatalysis is a new,
effective method in organic matter treatment. ZnO photocatalyst materials are increasingly
widely applied in the field of environmental treatment, but ZnO materials have the
disadvantage that they only show photocatalytic activity under the influence of UV rays, so
under the influence of the catalytic activity of sunlight will be limited. Therefore, we have
modified Bi,WOg/ZnO materials and have successfully prepared them by hydrothermal
method. The composites are characterized by modern analytical techniques such as XRD,
EDX, FT-IR, SEM and UV-VIS. The results show that the mixing ratio of 20% Bi,WO¢/ZnO
achieves the best treatment efficiency of over 86% with optimal treatment conditions: pH=7
is the optimal pH of the material 20% Bi2WO6/ZnO, mass material 0,05 g, processing time
for 150 minutes. Therefore, this material showed high potential to treatment antibiotic in
water.

Zn0O, Bi,WOe/ZnO, Levofloxacin antibiotic, photocatalyst materials.

1. GIOI THIEU su phét trién va ton tai cua cac vi sinh vat
Thubc khang sinh 1a mot nhom cac chat  khac. Thudc khang sinh rat hiru ich nhu 1a tac
chuyén hoa thir cAp duoc tao ra bsi vi sinh vat  nhan diéu tri trong diéu tri bénh truyén nhiém
cling nhu cac hop chat twong tu duoc tong & ngudi va ngay nay thudc khang sinh ciing
hop héa hoc hoic ban tong hop, c6 thé tc ché  dugc st dung rong rai trong nganh chin nudi
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va nudi trong thay san. Thudc khang sinh c6
thé xam nhdp vao moéi trudng nudc va dat
thdng qua nhiéu con duong khac nhau. Mac
du thoi gian ban hay cua hau hét céc loai
thudc khang sinh déu khdng dai (chi tir vai gio
dén hang trim ngay), du lwong khéng sinh ton
tai trong moi truong cé thé dugc coi 1a mot
chat hitu co “khé phan hay” do st dung
thuong xuyén, rong rai va khong ngung thai
ra moi trudng.

Vay nén ngay nay rat nhiéu phuong phap xu
Iy khang sinh dugc ra doi. Cac phuong phap
thuong duoc sir dung dé xir ly khang sinh
trong nudc nhu phuwong phap hap phu, sinh
hoc, hoa hoc hay la sy két hop nhiéu phuong
phép va&i nhau. Nhung phuong phap quang
xuc tac la mot phuong phap méi, hiéu qua
trong xir ly chat hiru co, c6 thé quang phan
chat khang sinh thanh cac chat khong doc, vo
hai va dac biét do sir dung nang luong anh
sang mat troi nén rat than thién voi moi
truong [1].

Vit liéu xuc tac quang ZnO ngay cang dugc
ung dung rong rai trong linh vuc xi ly moi
truong boi kha nang oxy hoéa manh, oxy hoa
cac hop chat hiru co bén véi hiéu suét cao: vo
co hoa hoan toan khong sinh bun, ba thai va
chat xdc tac co thé tai sir dung nhiéu lan,
khong doc hai va than thién vai moi truong.
Tuy nhién, vat liéu ZnO c6 nhuge diém la chi
thé hién hoat tinh xtic tic quang dudi tac dong
cua tia tir ngoai UV, nén dudi tdc dung cua
anh sang mat troi hoat tinh xuc tac sé bi han
ché. Bé khac phyc tinh trang trén nguoi ta da
tién hanh bién tinh ZnO bang nhiéu phuong
phap khac nhau dé thu hep ning luong ving
cim cua ZnO, ting kha ning quang xuc tac
trong vung anh sang kha kién tir d6 tan dung
dugc nang lugng anh sang mat troi [2-3].

Trong bai nghién cau, nhém nghién ctu da
tim hiéu va diéu ché vat liéu bién tinh

Bi,WO¢/ZnO dé xu sinh

Levofloxacin trong nudc.

ly khéng

2. THYC NGHIEM
2.1. H6a chét

HCI, Bi(NO3)3.5H,0, Na,W0,.2H,0, NaOH,
(CH3C00),Zn.2H,0, CH3COOH, HNO;,
C,HsOH. Tit ca cac hda chit sir dung déu dat
d6 tinh khiét >98%.

2.2. Phwong phap ché tao vat liéu
Quy trinh tong hop vat lidu Bi;WOg

L4y 1,112 gam Bi(NO3)3.5H,0 va 0,378 gam
Na,WO,42H,0 hoa tan trong 10 ml axit acetic
va 10 ml nuéc cat. Dung dich NaOH dugc sir
dung dé diéu chinh pH cua dung dich hn hop
dén 7, chuyén huyén phu thu duoc vao binh
thuy nhiét, va duy tri & nhiét d6 180°C trong
12 giod. San pham sau qué trinh thuy nhiét thu
dugc bang cach ly tdm véi toéc do 5000
vong/phut trong thoi gian 10 phat. Sau d6, san
pham duoc rira nhiéu lan voi nude va ethanol.
Cubi cung dugc lam kho trong ta siy.

Quy trinh téng hop vdt liéu ZnO

Nh¢ tir tir dung dich NaOH 0,2 M vao dung
dich mudi (CH3C00),Zn.2H,0 0,1 M dén khi
xuat hién két tua tring Zn(OH),. Tién hanh ly
tam dé tach két tua khoi dung mdi roi tién
hanh say khd. Chat rin thu duoc cho nung &
200°C trong 2 h dé thu dugc ZnO.

Quy trinh téng hop vt liéu Bi,WOe/ZnO

Hoa tan vat liéu ZnO trong 10 ml HNO3 1,5M
(dung dich A). Cho 1,112 gam Bi(NO3)3.5H,0
va 0,378 gam Na,WO,. 2H,0 hoa tan trong
10 ml axit acetic va 10 nudc cat (dung dich B).
Nh¢ tirng giot dung dich B vao dung dich A
dong thoi khudy dung dich trong 2 tiéng. Sau
do dua hdn hop vao dng Teflon 50 ml va thay
nhiét trong 180°C trong 12h. Vat liéu sau khi
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thay nhiét s& duoc ra 3 1an bang nudc cat va
dugc lam kho.

2.3. Phwong phap phan tich tinh chat dac
trweng cua vat liéu

Hinh thai bé mat vat liéu dwoc quan sét sir
dung kinh hién vi dién to quét (SEM)
(TM4000Plus/Hitachi, Nhat Ban). Céu tric
tinh thé cua cac thanh phan trong mau dugc
phan tich biang may do nhidu xa tia X
(XRD) (Rigaku MiniFlex 600, Nhat Ban).
Cac nhdm chuc trén bé mat vat lieu duoc Xac
dinh st dung méay quang phdé hdng ngoai
Fourier (FTIR) (Jasco FT-IR 4600, Nhat Ban).

2.4. Qua trinh khao sat kha nang xw ly
khang sinh Levofloxacin caa vat liéu

L4y 0,05 g c4c vat liéu cac cho vao binh phan
g roi cho vao 100 ml dung dich khang sin*
Levofloxacin 10 ppm. Ban dau, hé phan n
s& dugc khudy trong bong téi 30 phut, sau d
duoc chiéu sang bang dén Compact 32 \
trong vong 120 phdt. Trong toan bo thoi giat
hé dugc ngdm trong nude lam mat dé cb din
nhiét do dung dich. Sau cac khoang thoi gia
30 phat, 60 phat, 120 phat va 150 phat, dun
xi lanh dé hat dung dich ra réi sir dung da
loc dé loc dung dich. Sau d6 tién hanh do m:
d6 quang trén may UV-VIS ¢ budc song 28
nm va dua vao duong chuan dé xac din
luong LEV bi phéan huy (Ct/Co). Trong d6 C
la nong d6 LEV trong dung dich ban dau va
Ct la nong d6 LEV trong dung dich sau khi bi
tién hanh phan huy tai cac thoi diém t.

3. KET QUA VA THAO LUAN

3.1. Pac trwng vat liéu

Hinh thai bé mat cua cac vat liéu duoc dic
trung boi ky thuat kinh hién vi dién tir quét,
két qua duoc thé hién ¢ hinh 1. Mau vat ligu
20% Bi,WOg/ZnO cho thiy Bi,WOg phan tan
kha dong déu trén nén ZnO, tao diéu kién

thuan loi cho qua trinh trao doi dién tu - 16
trbng quang sinh giira hai pha thanh phan.
Ngoai ra, vat liéu tong hop duoc co do xdp
tuong dbi cao, cac hat co kich c¢& kha ddng
déu véi nhau [3-4].

Hinh 1. Anh SEM ctia céc vat liéu
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Hinh 2. Phd héng ngoai IR ctia cAc mau vat liéu
da téng hop
Két qua cua cac vat liéu da téng hop vai ty 16
Bi,WOQOe/ZnO khac nhau la 5%, 10%, 15%,
20%, 30% duoc xac dinh bang phd hong
ngoai FT-IR va duoc trinh bay ¢ hinh 2. gan
nhu xuét hién day du cac lien két Zn-O trong
mang tinh thé ZnO tai s6 séng 562 cm™ va
lien két W-O c6 s song dao dong trong
khoang tir 734 cm™. Su hip thu & 1388 cm™
1a dic trung cho dao dong cua lién két
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W-O-W cua Bi;WQs, & cac mau c6 ham
luong Bi;WOg I6n thi peak cang dwoc thé
hién rd rang hon [3-4].

C6 thé thay, khi pha tap, nang lugng ving
cam caa vat liéu thay doi. So véi viing cdm
cia ZnO (3,1 eV) thi ving cdm cua vat liéu
Bi;WOe/ZnO giam di nhiéu (hinh 3). Khi
ning lwong ving cdm giam, kha nang tai to
hop electron tét hon nén hiéu suat cua qué
trinh x(c tac quang s& tét hon. Vay vat liéu
Bi,WOs/ZnO 1am giam ning luong ving can,
mang lai hiéu qua xu ly khang sinh trong
nudc [5].

Gia tri nang luong ving cam (Eg) cua cac vat
liu v&i céc ti 18 phdi tron khac nhau dugc
tinh toan va trinh bay trong bang 1. Két qua
cho thdy mau 20% Bi,WOg/ZnO ciing 1a mau
c6 gié tri nang luong ving cam nho hon cac ti
1& phdi tron con lai.
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Hinh 3. Phd UV-VIS cta cac mau vat liéu

Bang 1. Nang lwong ving cadm cua céc vat liéu
da téng hop

Vit ligu Nang ni“%”?ev\;”g
Zn0O 3,05
5% Bi;WO,/ZnO 2,98
10% Bi,WOy/ZnO 3,00

Vatligu Nﬁ:égn:uggn?e\\//l‘;ng
15% Bi,WQ¢/ZnO 2,97
20% Bi,WQO¢/ZnO 2,93
25% Bi,WQO¢/ZnO 3,02
30% Bi,WOQO¢/ZnO 3,01

3.2. Kha nang xuc tac quang cua vat liéu

Két qua trén hinh 4 cho thay, ddi voi cac vat
lieu Bi;WOge/ZnO véi cac ty 18 phdi tron 10%,
15%, 20% hiéu suat xir Iy LEV ting dan va
dat 52,52% ddi voi mau 10%; dat 78,12% ddi
véi miu 15% va dat 86,43% d6i véi mau 20%.
Ba mau vat liéu 5%, 25% va 30% hiéu suat xu
ly giam dan chi dat dat 33,63% d6i véi mau
5%; dat 44,17% ddi véi mau 25% va dat
48,27% d6i véi mau 30%. Do do, 20%
Bi,WOg/ZnO dugc chon 14 vt liéu tdi wu cho
qua trinh quang xuc tac xu ly LEV.
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Hinh 4. Aph hwéng chaty 1é phéi trén Bi;WOe/ZnO
dén kha nang xtr ly khang sinh LEV
Qua céc thi nghiém, ta chon vat liéu téi uu
nhét 1a vat liéu 20% Bi;WOs/ZnO khao sét
hoat tinh x(c tac quang vai cac pH lan luot tir
3-10. Kha nang xu ly cta céc vat liéu dugc
thé hién nhu hinh 5. Hiéu suat xir ly khang
sinh LEV cua vat li¢u 20% Bi,WOg/ZnO tang
dang ké tir pH 6 dén pH 9 va hiéu suat xir ly
khang sinh dat cao nhat ¢ pH 7. O cac gia tri
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pH 3, pH 4, pH 5, pH 10 thi hiéu suét
xt ly khang sinh LEV cua vat liéu 20%
Bi;WOe/ZnO giam dan. Do d6, pH bang 7
duoc chon 1am diéu kién téi uu cho qua tinh
quang xuc tac xu ly LEV.
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Hinh 5. Anh hwéng ctia pH dén kha nang xiv 1y

khang sinh LEV
Két qua trén hinh 6 cho thay, hiéu suat xu ly
LEV giam dan khi nong d6 giam tir 30 ppm
dén 15 ppm dat 71,96%. Khi nong d6 LEV
giam xudng 10 ppm hiéu suit ting dén
86,43% va & 5 ppm hiéu suét dat 82,12%. Do
d6, LEV 10 ppm dugc chon 1a nong d6 t6i uu
dé xa ly LEV bang xlc tac quang 20%
BIzWOe/ZI’]O
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Hinh 6. Anh hwéng ctia ndng d6 khang sinh LEV
dén hoat tinh xtc tac quang
Dudi day 1a bang so sanh hiéu qua kha nang
quang xuc tac xur ly khang sinh Levofloxacin

cua vat liéu trong nghién cau nay véi mot sb
vt liéu khac da dugc cong bé [6-10]. Két qua
cho ta thiy vat liéu Bi,WOg/ZnO trong nghién
ctru cho hiéu suat cao, c6 tiém ning xir ly tét
cho xtr ly du luong khang sinh trong mdi
trrong nudC.

Bang 2. Cac nghién clru str dung cac loai vat liéu
xUc tac quang thé hé méi trong xtr ly khang sinh

LEV
STT| Vitliéu quang Hiéu suat | Téac
xuc tac gia
1 5,9% 92,5% [6]
Ag-CoWwO,/CdWO, (xr Iy LEV
20 ppm)
2 ZnMo0,/Bi,04 85,24% (Xt [7]
ly LEV 15
ppm)
3 | WO3/NiFe,04/BiOBr| 97,97% [8]
(xt ly LEV
10 ppm)
4 | CuO/Fe,03/CuFe, 0,4 75,5% [9]
(xt ly LEV
10 ppm)
5 ZnMo0Q4/Bi,0, 85,24% [10]
(xt ly LEV
15 ppm)
6 20% Bi,WO¢/ZnO | 86,43% (xtr | Nghién
Iy LEV | cku nay
10 ppm)
10 ppm)

4. KET LUAN

Vit liéu Bi,WOg/ZnO duoc tdng hop bang
phuong phap thuy nhiét va thong qua cac
phép do: SEM, EDX, XRD, FT-IR, UV-VIS.
Két qua cho thiy vat liéu da dugc tong hop
thanh cong Tir cac dir liéu phan tich cho thay
vat liéu Bi,WQOg/ZnO da cai thién hoat tinh
quang xuc tac trong ving anh sang kha kién,
mang lai hiéu qua xtr Iy cao hon. Kha nang
quang xuc tac cua vat liéu duoc danh gia
thong qua su suy giam ndng do cua khéang
sinh LEV (10 ppm) duéi su chiéu sang cua
dén compact 34W. Két qua cho thay ty 1& phbi
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tron 20% Bi,WOs/ZnO dat hiéu suat xur Iy tét L& cam on

nhét trén 86% Vi cac diéu kien xur 1y i wu:  Nghién citu diroc ti tro boi Quy Phét trién khoa
pH=7, khéi luong vat ligu 0,059, thoi gian xit  hoc va cang nghé Qudc gia (NAFOSTED) véi ma
ly trong 150 phit. s6 104.05-2019.47.
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