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SUMMARY

SYNTHESIS OF WO3 PHOTOCATALYST APPLYING FOR THE TREATMENT
OF ANTIBIOTIC IN WATER

In this paper, WO; was fabricated by hydrothermal method using sodium tungstate dihydrate
(Na2WO04.2H,0) along with citric acid and hydrochloric acid. The as-prepared samples were
characterized by X-ray diffraction (XRD), Infrared spectroscopy (IR), Ultraviolet-visible diffuse
reflectance spectroscopy (UV-Vis-DRS), Scanning electron microscope (SEM) and Energy-dispersive
X-ray spectroscopy (EDX). The photocatalytic performance of WO3 photocatalyst was evaluated by the
degradation of amoxicillin (AMX) antibiotic. Results show that, photocatalytic degradation efficiency
of AMX under visible light irradiation reaches 36,64% after 180 min. The used WOs, which had Epg of
2,78 eV, would absorb incident visible light to produce a certain amount of electron and hole pairs.
Keywords: WOs, amoxicillin, photocatalytic activity, degradation, visible light.

1. PAT VAN PE

Trong thdi gian qua, nhiéu chat xuc tac nhu
TiO2, ZnO,... da dugc quan tim nghién ciu
[1, 2]. Trong do6, TiO2, ZnO 1a mot trong s cac
chat xuc tac quang dugc nghién ciru va tng
dung rong rai nhit do tinh 6n dinh, khong doc
va gia thanh thap. Tuy nhién, nhuoc diém cia
TiO,, ZnO 14 chi thé hién hoat tinh x(c tac
duéi te dung cua bic xa UV do ¢6 nang lugng
viing cidm khoang 16n (TiO, anatase: 3,2 eV;
ZnO: khoang 3,3 eV). Piéu nay han ché kha
nidng ung dung cta chdng trong vung &nh séng
nhin thiy. Dé cai thién yéu diém néu trén,
nhitng nghién ctru gan day trén thé gioi chu
yéu tap trung phat trién cac vat liéu quang xtic
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tac ¢ nang luong ving cAm hep, khoang 1,8 -
2,8 eV [3-7]. Pay la nhirng chit ban dan cé
kha niang hap thy tot anh sang trong viing nhin
thiy, do vay khi sir dung lam xtic tic quang thi
khong can phai bién tinh dé giam ning lugng
ving cdm nita. Tuy nhién, nhitng chat ban din
¢6 nang lugng ving cam cang hep thi toc do tai
t6 hop giita cac electron va 18 trong quang sinh
cang nhanh, do d6 hoat tinh xuc tac cia vat
liéu that su cling khong cao. Thém nia, gia tri
thé ning ving din va ving hod tri clia cac chat
ban dan d6 thuong khong ddng thoi phu hop
dé tham gia ca phan tmg oxi hod nudc & ving
hoa tri va khir oxi & ving dan dé tao ra cac géc
"OH tryc tiép hodc gian tiép, 1 tac nhan chinh tham



gia qua trinh phan huy cac chét khang sinh 6 nhiém
trong nude. Trong sO cac vat lidu co nang luong
ving cam hep thi WOz dugc biét 14 vat liéu ban dan
¢6 nang luong ving cAm khoang 2,8 ¢V, than thién
v6i moi truong va c¢6 nhidu mg dung tiém ning
trong phéan tng tich nude, quang xdc tac phan huy
céc chat hitu co 6 nhiém trong viing &4nh sang nhin
thiy [8-11]. Do véy, trong nghién ciru nay, WOs3
dugc didu ché tir tién chat Na,W0,.2H;0 bing
phuong phap thity nhiét va khao sat kha nang phan
hity khang sinh AMX trong diéu kién khong/hodc
¢6 chét dap tit goc tw do va h* nham giai thich co
ché phéan huy khang sinh ctia WO3 lam tién dé cho
nhiing nghién ctru cai thién hoat tinh quang xuc tac
WO;3 [12-15].

2. THU'C NGHIEM

2.1. Tong hop vit liéu

Cho 0,5 gam Na,WO..2H,0 va 0,3 gam citric
acid duoc hoa tan trong 30 ml nude cat khir ion
va khudy trong 10 phit. Sau dé, thém ting giot
dung dich HCI 6M vao dung dich dé diéu
chinh gia tri pH = 1, thu dwoc chit rdn mau
vang, tiép tuc khudy manh trong 30 phut va
chuyén hdn hop vao binh Teflon va giit & nhiét
d6 120 °C trong 12 gid. Sau khi dé ngudi tu
nhién, ly tm tach 4y chét rin va rira nhiéu lan
bang nude cit dén pH trung tinh. San pham
duogc 1am kho ¢ 60 °C qua dém rdi dem nung
trong khong khi ¢ 500 °C trong 2 gid.

2.2. Pic trung vat liéu

Kha ning hép thu anh sang cia xuc tac duoc
dic trung bang phuong phap phd phan xa
khuéch tan tir ngoai — kha kién (3101PC
Shimadzu). Gian d6 nhiéu xa tia X cua mau
nghién ctru dugc ghi trén may D8 Advance
dng phat tia X bang Cu véi bude song Ka =
1,540 A, dién 4p 30 kV, cuong d6 dong ong
phét 0,01 A. Dic trung cac lién két héa hoc cua
vat liéu tong hop duoc xac dinh bang phuong
phap phd hdng ngoai (FT/IR-4600-A trong
ving 400-4000 cm?). Su c6 mit cua cic
nguyén t6 trong cic mau vat lidu tong hop
dugc phan tich bang phuong phap phd tan xa
ning lugng tia X (thiét bi Jeol 5410). Khao sat
hinh anh bé mit bang phwong phap hién vi
dién tir quét (JEOL JSM-6500F).

2.3. Thi nghiém phéan hiy AMX
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Lay 0,1 g xuc tac cho vao cbc 500 mL, sau d6
cho vao 200 mL dung dich AMX (20 mg/L),
khudy déu cdc trén may khudy tir trong bong
t6i 150 phat, dé cho qua trinh hdp phu - giai
hap phu can bang, 1ay dung dich dem ly tam va
do ndng do (Co). Sau d6 chiéu sang hdn hop
bang dén led (220V - 30W). Sau cac khoang
thoi gian xac dinh (t = 30, 60, 90, 120, 150 va
180 phut), mau dugce dem ly tam lay phan dung
dich trong dem do ndng d6 (Ci. Nong do
AMX trong cic mau dung dich sau phan tmg
thu dugc 6 cac thoi gian khac nhau dugc xac
dinh bang phuong phap do quang (may UV —
Vis-CE-2011).

3. KET QUA VA THAO LUAN

3.1. Pic trung vat liéu

Vit lieu WO3 tong hop dugce xac dinh thanh
phin bang phwong phap nhidu xa tia X, két qua
duogc trinh bay ¢ Hinh 1.
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Hinh 1. Gian @b nhiéu xa tia X ciia vt liéu WOs3
Két qua tir gian do nhidu xa tia X cua vat liéu
WO; ¢ Hinh 1 xuat hién cho thiy ba dinh
nhidu xa c6 cuong dd manh, sic nét & khoang
260 bang 23,1°; 23,7° 24,4° tuong ing VGi Cac
mat tinh thé (002); (020); (200) va cac dinh
nhidu xa co cudong do thap tai goc 2-theta bang
29,04°; 34,19°; 42,08° twong ung v4i mat tinh
thé (112); (202); (222) dic trung cho pha tinh
thé monoclinic cia WOs (Theo thé chuin
JCPDS: 43-1035) [8-12]. Nhu vy, phuong
phap nhiéu xa tia X da xac nhan sy c6 mit cua
cac dinh dic trung @ng véi WO; dugc tong
hop bang phuong phap thuy nhiét.

Céc dic diém lién két trong vt lidu WO3 duoc
khao sat bang phd hong ngoai, két qua duoc



trinh bay ¢ Hinh 2. Két qua phd hong ngoai
cua vat liéu WO3 cho thiy, xuit hién dinh phd
tai 870 cm™* dic trung cho dao dong cua lién
két W=0 va dinh phd tai 686 cm'! dwoc cho la
dao dong cua lién két O-W [16]. Két qua nay
cling phu hop véi cac dit liéu thu duoc tir gian
dd XRD va cho thay vat lieu WOz di duogc
tong hop thanh cong.
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liéu WOs3 téng hop, vat liéu dugc dac trung
bing phuong phap phé UV-Vis- DRS, két qua
dugc trinh bay ¢ Hinh 3.
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Hinh 3. Phé UV-Vis — DRS ciia vt liéu WOs3
Két qua phd UV-Vis DRS cua vat lieu WO3
cho thay, dai hip thuy trai dai tir ving tir ngoai
dén ving anh sang nhin thay. Gia tri ning
lwong ving cim cua vat lisu WO3 duoc xéac
dinh theo ham Kubelka-Munk twong ung
khoang 2,78 eV. Két qua thu duoc phi hop voi
mot s6 tai ligu da duoc cong bé [9, 11, 16, 17].
Diéu nay ciing cho thay, vat lisu WOz c6 kha
ning hap thu tét 4nh sang trong ving &nh séng
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nhin thy, hira hen tiém ning xtc tac phan huy
céc chit hitu co 6 nhiém trong méi truong
nudc ngay trong ving anh sang nhin thiy hoic
burc xa mat troi tu nhién.

Anh vi ciu trlc cua vat liéu WOz da tong hop
dugc dic trung bang phuong phap hién vi dign
tor quét. Két qua duoc trinh bay ¢ Hinh 4. Két
qua anh SEM cua vat lisu WO; cho thiy, vat
lieu gom cac hat két dinh lai voi nhau thanh
ting cum.
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Hinh 4. Anh SEM cua vdt ligu WOs3
Pé kiém tra su c6 mat cua cac nguyén td, vat
lisu WO3 tong hop dugc dic trung bing
phuong phéap phd tan xa ning luong tia X. Két
qua duogc trinh bay & Hinh 5.
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Hinh 5. Phé EDX ciia vt liéu WO3
Két qua pho tan xa nang luong tia X cia mau
WOs & Hinh 5 cho thdy, xuit hién cac dinh
nhidu xa dic trung cho W 1an luot tai cac muc
nang luong 1,40; 1,92; 7,43; 8,45 va 9,64 keV.
Pinh nhidu xa dic trung cho O xuat hién tai
mic niang luong 0,51 keV [13, 18]. Piéu nay
cho thay, vat lieu WO3 tong hop thanh céng
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VGi sy c6 mat day du cac nguyén té thanh phan
va khong xuét hién nguyén té la.

Hoat dong quang xUc tac cua cac mau vat liéu
bi anh huong rat 16n bai tde do tai t6 hop giia
cac electron va 16 tréng quang sinh. Phd quang
phat quang duoc sir dung dé danh gia su tai t6
hop ching. Phd quang phat quang cac mau vat
liéu WOs3, dugc trinh bay & Hinh 6.
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Hinh 6. Phé quang phat quang cia vét liéu
WO;
Tir két qua phd quang phat quang & Hinh 7
cho théy, khi vat 1liéu WOg3 bi kich thich &
300 nm, xuét hién cuc dai phat xa c6 cuong
d6 manh ¢ khoang 465 nm. Diéu nay cho
thdy, kha nang tai to hop giita cac electron va
16 tréng quang sinh trong vat liéu WO3 12 khé
cao, dan dén hoat tinh quang xUc tac cua vat
liu WO3 trong ving 4nh sang nhin thiy sé& bi
tré ngai boi yéu t6 nay. Do vdy, dé gia ting
hoat tinh WOs trong ving 4nh sang nhin thiy
cin c6 nhitng nghién ctru bién tinh WO;
nham han ché tai t6 hop giita cac electron va
16 tréng quang sinh trong vat liéu.
3.2. Hoat tinh quang xuc tac
Hoat tinh quang xuc tac phan huy chat khang
sinh 6 nhidm cua vat liéu WO; dugc tién hanh
voi chit khang sinh AMX. Két qua d6 chuyén
hoa AMX trén WOs cho thiy, sau 180 phut thi
d6 chuyén hoa AMX trén vat liéu WOs dat
36,64 %. Diéu nay duoc giai thich la do vat liéu
WOs3 ¢6 nang lugng ving cdm 2,78 eV nén khi
chiéu anh sang trong ving nhin thy thi c6 su
kich hoat lam phén tach cdp dién tir - 16 tréng
trong vat liéu:
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WOs+hv— ec; + hyg

Khi d6 céc 16 trong quang sinh ¢ ving héa trj s&
oxi héa H>0O thanh HO" - tA&c nhan oxi hoa céc
chat hitu co 6 nhiém. Pé khing dinh nhan dinh
nay, cac chat dap tit cac chat trung gian dugc
su dung. Qué trinh xuc tac quang phan huy
AMX trén vat liéu WO3 duoc tién hanh & nhing
diéu kién gidng nhau vé luong chat xic tic, nong
do AMX, cudong d6 chiéu sang, thoi gian chiéu
sang nhung so sanh véi bdn loai chat dap tt khac
nhau. Cac chat dugc chon gdm: IPA (isopropyl
alcohol) dé bay cac gbc hydroxyl (*OH), PBQ
(p-benzoquinone) dugc sir dung dé bay cac gdc
anion O} va Kl (potassium iodide) dé by h*.
Két qua thu dugc cho thay, khi c6 mit cac chat
dap tit IPA va Kl thi hiéu suat phan huy AMX
trén vat liéu WO3 giam dang ké (lan luot 1a
12,72 va 5,58%). Diéu nay phu hop vai thé oxi
hoéa ctia h* & ving hoa tri cia WO3 (+3,44 V),
la duong hon thé oxi hoa cta cip H,O/HO*
(+2,38 V) nén déng vai trd quan trong déi voi
sw phan huy AMX tryc tiép va gian tiép phan
g v6i H20 dé tao thanh cac gée HO®, sau d6
HO* dé phan tng véi AMX [19, 20]. Trong
khi d6, e ¢ ving dan cia WO3 c6 thé khir
(+0,74 eV) thap hon thé khir ciia O2/O; (-0,33
eV) nén khé co thé khir O, thanh O,". Do dé,
viéc st dung PBQ dé bit gbc O,” chi anh
huong nhe dén hiéu sudt qua trinh xdc tac
quang cua WOs. Qua trinh quang xdc tac co
thé biéu dién nhu sau:

WO, +hv — e, (WO,) + hy; (WO,)

h, (WO,)+H, 0 — "OH+H"

AMX + (hw*), *OH) — san phim phan huiy
Két qua thu dugc cho thiy, vat litu WO3 ¢6
kha nang hoat dong trong vung anh sdng nhin
thdy va co tiém ning mg dung dé xir 1y cac
chit hiru co 6 nhidm néi chung va khang sinh
AMX noi riéng. Tuy nhién, cin c6 nhiing
nghién ctru dé ting hoat tinh quang xuc tac cua
WOj3 nhd vao sy han ché qua trinh tai to hop
nhanh giita cac dién tir va 15 tréng quang sinh.
4. KET LUAN

Di téng hop thanh cong vat liéu WO3 bing



phuong phap thiy nhi¢t. Gid tri ndng lugng
viing cAm cua vat liéu WOs dugc xéac dinh theo
ham Kubelka-Munk khoang 2,78 eV, ching t6
vat liéu WOz ¢6 kha nang hap thy anh sang
trong vung nhin thiy. Hiéu sudt phan huy
khang sinh amoxicillin trén xic tdc WO; dat
36,64 % sau 180 phdt. Diéu nay chi ra rang xtic
tac WO3 dugc didu ché bang phuong phap thiy
nhiét ¢6 trién vong g dung dé xur 1y cac hop
chit hitu co 6 nhiém ngay trong ving anh sang
nhin thiy.
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