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Abstract: In the research, we successfully investigated the effects of calcination temperature on
the characteristics and photocatalytic activities of WOs applied for the degradation of antibiotics in
aqueous environment under visible light. The crystal phases and optical properties of the
synthesized WQOj3; nanoparticles were determined by X-ray diffractometer (XRD), UV-VIS diffuse
reflectance  spectroscopy  (UV-VIS), and photoluminescence  spectroscopy  (PL).
The photocatalytic activities of the WO3; materials, which were calcinated at different
temperatures, were studied via the degradation of Tetracycline under visible light. Obtained results
indicated that the orthorhombic phase was converted completely to monoclinic phase when the
sample was calcinated at 500 °C. As compared to these WO3-300, WO3-400, and WO3-600
samples, the WOs3-500 sample, which was calcinated at 500 °C, showed a significant decrease in
band gap energy and electron-hole recombination rate. Thus, the WO3-500 exhibited novel
photocatalytic activity for Tetracycline degradation under visible light.
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Nghién ctru anh huéng cua nhiét 6 nung
dén hoat tinh quang xuc tac phan huy Tetracyline
cua vat licu WOs trong vung anh sang nhin thay
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Tém tit: Trong nghién ctru ndy, cc vat liéu WO3 di dugc tong hop bang phuong phéap két tia va
nung & cac nhiét do khac nhau. Pha tinh thé va tinh chit quang cua cac hat nano WO3 dugc xéac
dinh bang phuong phép nhidu xa tia X (XRD), phd phan xa khuéch tan tir ngoai-kha kién
(UV-VIS-DRS) va phd quang phat quang (PL). Hoat tinh quang xuc tac ctia vat lieu WO3 & cac
nhi¢t d6 nung khac nhau dwoc danh gia thong qua qua trinh phan huy Tetracycline trong mdi
truong nuée dudi sy kich thich cia anh sang nhin thdy. Két qua nghién ciru cho thay pha truc thoi
(W03.0,33H20) da chuyén hoan toan sang pha don ta (WO3) khi vat liéu dugc nung & nhiét do
500 °C. So véi cac vat liéu WO03-300, WO3-400, WO3-600, vat liéu WOz nung & 500 °C cé su
giam ning luong ving cim va kha ning tai két hop cua cac hat electron va 13 tréng quang sinh, thé
hién kha ning xuc tac phan huy Tetracyline trong ving anh sang kha kién vuot troi.

Tir khéa: WOs, pha don ta, nhiét d6 nung, xdc tac quang, phan huy chat khang sinh.

1. Mé dau

Trong nhiing thap ki qua, khang sinh dwgc
su dung rong rai trong y hoc, chan nu6i, nudi
tréng thay san va trong cac linh vuc hoat dong
thuong mai khac [1]. Bén canh nhiing tac dung
tich cuc cua khang sinh trong viéc giam ty 1€ tur
vong va ty 1é mic cac bénh nhiém trang théng
thuong, thi viéc st dung khong hop ly khang
sinh dan dén ton du lwong 16n khang sinh tir
nudc thai trong sinh hoat, cac bénh vién, co so
chan nudi, nuéi tréng thuy san, co s& san xuat
dugc pham,... 1am cho méi truong ngay cang bi
6 nhiém nghiém trong [2-5].
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O nhiém khéng sinh 1a mét trong nhirng con
dudng chinh 1am cho vi khuan khang thudc, dan
dén 1am giam hiéu qua khi st dung cho con
ngudi, vat nudi [6, 7]. Su gia ting vi khuin
khang thudc khang sinh lam cho ti 1& tir vong
truc tiép do nhiém vi khuan khang thuéc ngay
cang tang [8-10]. Do vay, viéc xt ly chat khang
sinh 6 nhiém dé nudc thai dat quy chuan truéc
khi thai vao mai truong 1a hét siec can thiét.

Céc qua trinh oxy hda nang cao rat co trién
vong dé xir Iy nuéc bi 6 nhiém cac chat hitu co
noi chung va 6 nhiém khang sinh noi riéng [11].
bac biét, xdc tdc quang s dung nang luong
mat troi 1am nguon sang kich thich 1a mot giai
phap hiéu qua, kinh té va than thién véi moi
truong [12]. Nhiéu chat xuc tac quang da duoc
cac nha khoa hoc quan tdm nghién cuu [13, 14,
21-32], trong s6 d6, WO3 1a mét trong nhirng
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chét xtc tac quang c6 tinh 6n dinh, dic tinh van
chuyén dién tur tot, c6 thé hap thu quang trong
ving anh sang kha kién, gia thanh thap, khéng
doc, dé diéu ché nén duoc biét dén 1a chat xuc
tac quang tiém ning dé xir ly cac chat 6 nhiém
htru co [15-17]. Tuy nhién, hoat tinh xdc tac
quang cua vat lieu WOs c6 lién quan chat ché vai
cau trlc, hinh thai caa vat liéu [18-20]. Bé kiém
soat duoc cAu trdc, hinh théi vat lisu WOs, nghién
ctu vé anh huong cua nhiét ¢ nung c6 mot y
nghia vo cung quan trong. Tungstic acid la mot
tungsten trioxide ngam nuéc, WOs.H,0 két tinh
hé truc thoi va bi dé hidrat hod duéi tac dung cua
nhiét tao thanh cac vat liéu WO;3 cd cAu triic khac
nhau [33]. Cau trac 1y tuong ciia WOz ¢6 hinh
khéi bat dién bao gém Tungsten (W) ¢ tam va
oxygen (O) chiém sau dinh xung quanh. Cau tric
nay rat d& bi bop méo Vi cac nguyén tor W twong
dbi nho nén c¢6 xu hudng bi dich chuyén khoi tam
cua hinh bat dién. Sy dich chuyén nay phu thudc
vao nhiét do nung 1am cho WOj3 c6 nhiéu kiéu ddi
xung: tam ta (triclinic), truc thoi (orthorhombic),
don ta (monoclinic), luc phuong (hexagonal) va
t&r phuong (tetragonal). O mdi dang cAu trdc pha,
WOs s& ¢6 nhing tinh chat vat Iy, hoa hoc khac
nhau [34, 35]. Vi vay, nhiét do nung cling anh
hudng dén ning lugng ving cam va toc do tai to
hop cua electron va 15 trong quang sinh cua vat
ligu WO [36].

Trong phan nghién ciru nay, chung toi da
tién hanh nghién ctu anh huéng cua nhiét do
nung dén hoat tinh xdc tac quang cua vat liéu
WOs. Két qua thu duoc di cung cip cac minh
chang vé qué trinh chuyén pha, su thay doi
ning luong ving cam, cling nhu kha ning tai
két hop cuia electron va 15 tréng quang sinh cia
vat lisu WOs khi thay d6i nhiét d6 nung. Trén
co s& do, tim ra nhiét do nung pht hop nhét dé
tong hop duoc vat lieu WO3 ¢ hoat tinh xuc
tac quang tdi wu, xur ly hiéu qua khang sinh ton
du trong méi truong nude dudi su Kich thich
ctia 4nh sang nhin thay.

2. Thuc nghiém
2.1. Tong hop vt liéu

Vit liéu nano WOs dugc tong hop bang
phuong phap két tua. Cu thé, hoa tan 4,12 g

Na;WO04.2H,0 vao trong nudc, pH cua dung
dich duge diéu chinh vé 1 bang cach nho tir tir
ting giot dung dich HC1 3M. Hon hop thu duoc
tiép tuc dugc khudy trong 30 phit trén may
khuay 500 vong/phut & nhiét do phong, sau do
khuay gia nhiét & 80 °C trong 2 gid. Hon hop
mau vang sau phan tmg dugc dé ngudi tGi nhiét
d6 phong rdi tién hanh ly tim, rira sach nhiéu
lan bang nudc cit dé loai bo hoan toan NaCl
(klem tra bang dung dich AgNOs3) va cac hgp
chat khong phan tng. Chat ran duoc dem say
kho trong diéu kién nhiét d6 80 °C trong 24 gio,
nghién nho, nung & cac nhiét do khac nhau
trong 2 gio, thu dugc cac vat licu WOs-300,
WO0O3-400, WO3-500 va WOs-600 tuong tng
voi cac nhi€t d6 nung lan luot 13 300 °C,
400 °C, 500 °C va 600 °C.

2.2. Pac trung vt liéu

Céc vat liéu tong hop duoc xac dinh thanh
phan pha bang phwong phip nhidu xa tia X
(XRD, AXS D8 Advance, Bruker), nghién ctru
kha nang hip thu anh sang bing phuo‘ng phap
phdé phan xa khuéch tan tir ngoai-kha kién
(UV-VIS-DRS, UH4150, Hitachi), phan tich
kha ning tai t6 hop cua electron va 15 trdng
quang sinh bang phwong phap phd quang phat
quang (PL - Fluoromax-4, Horiba).

2.3. Khao sat khd nang phdn hiy Tetracycline

Cho 0,1 gam x(c tac vao cdc thuy tinh chira
200 mL dung dich Tetracycline 10 ppm (pH 5).
Hon hop duoc khudy trong bong t6i 2 gio,
sau d6 chiéu sing bang dén Led Sunlike
(RD-RL-38.LED) trong 3 gid dé cho qué trinh
quang xuc tac. Sau cac khoang thoi gian 30, 60,
90, 120, 150, 180 phut, 14y 8 mL hdn hop phan
g dem di ly tdm, rdi loc. Dung dich thu duoc
tién hanh phan tich dé xac dinh luong
Tetracycline con lai bang may quang phd hap
thu UV-Vis (CE-2011) ¢ budc song 358 nm.

3. Két qua va khao luin

3.1. Dac trung vat liéu

Két qua phan tich nhidu xa tia X (XRD) clia
cac vat lieu WO3-300, WO;-400, WOs-500,
WOs3-600 (Hinh 1) cho thay, cac hat vat licu
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W03 tong hop béng phuong phap két tia déu
ket tinh t6t. Cac dinh nhifu xa thu dugc cua
mau WO0s-300, WO3-400 cho thay ton tai hai
pha tinh thé, pha don ta cia WO3 (PDF Card
No. 1528915) va pha truc thoi cua
W03.0,33H,0 (PDF Card No. 9014468). Mau
vat lidu WO3-300, cac dinh nhidu xa nam & cac
vi tri 2-theta lan luot 1a 23,16, 23,70, 24,40,
28,62 va 50,0 twong Gng v&i cac mit phang
(002), (020), (200), (11-2) va (140) dac trung
cho pha don ta; cac dinh nhiéu xa & cac vi tri
goc 2-theta la 14,14, 18,12, 23,08, 27,16 thudc
cac miat phang (020), (111), (002), (022) cua
pha tryc thoi (WOs:.0,33H,0). Vit liéu
WO3-400 c6 cac dinh nhidu xa dic trung cho
pha don ta (WOs3) c6 cudong d0 manh hon,
nhung cac dinh nhiéu xa thudc vé pha tryc thoi
(W03.0,33H.0) lai c6 cuong d6 yéu hon so vai
vat liéu WO3-300.

Két qua gian d0 XRD cia mau vat lidu
WO3-500, WO3-600 chi xuit hién cic dinh
nhidu xa tuong ng vdi cau tric pha don ta cia
WOQO; (PDF Card No. 1528915). Ngoai cac dinh
nhiéu xa tuong tu nhu trong vat liéu WO3-300,
WO3-400 nhung v&i cuong dd manh hon, sic
nét hon, con c¢6 thém cac dinh nhidu xa tuong
Gmg voi cac mat phang (120), (220), (004),
(040), (340). Tuy nhién, so v6i mau WO3-500,
céc dinh nhiéu xa cia mau WO3-600 c6 cudng
dd manh hon, d6 rong nira vach phé cuc dai
nho hon, cho thiy co su ting kich thudc tinh
thé (4p dung phuong trinh Debye-Scherre).
Ngoai ra, khong quan sat thdy xuét hién dinh
nhidu xa cta bat ki tap chit nao.

Nhu vay, qua trinh chuyén pha phu thudc
vao nhi¢t d§ nung va thoi gian nung nén khi
nung vat liéu ¢ 300 °C trong 2 gio da co su
chuyén tir pha tryc thoi (W03.0,33H,0) sang
pha don ta (WOz3) nén cac vat liéu WOs3-300,
WO3-400 da ton tai ca hai ciu trac pha niy.
Tuy nhién, & nhiét d6 nung 400 °C, tinh thé
WOj; dang pha don ta chiém ti 1¢ nhiéu hon.
Khi nung vat liéu ¢ nhiét 46 500 °C va 600 °C,
chi thu duoc duy nhat pha don ta do pha truc
thoi (W0Os.0,33H20) da chuyén hoan toan sang
pha don ta (WOs), dong thoi cuong do cac dinh
nhiéu xa cang ting va hinh dang sac nét hon khi
nhiét d6 nung tiang 1én. Két qua nay ciing phu

hop véi cac cong trinh da cong bd trude day
[19, 20]. Piéu nay c6 the dugc gidi thich: i) Do
W8 ¢6 kich thudc nho nim & tim cua khdi bat
dién nén co6 su dich chuyén vi tri khi thay ddi
nhiét 6 nung, dan t6i sy bién ddi giira cac pha
vat liéu [34, 35]; va ii) Khi nung ¢ nhiét do cao
hon, c¢6 su phat trién tinh thé cia vat liéu, cac
bat thuong, cic canh, khuyét tat,... duoc loai bo
nén céc tinh thé duge tao thanh co kich thude
16n hon va cac dinh nhidu xa sic nét hon [37].
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Hinh 1. Gian dd XRD cua céac vat liéu WO3-300,
WQO3-400, WO3-500 va WO3-600.

Kha niang hip thu quang va ning luong
vung cAm cta cac vat litu WO; nung & cac
nhiét d¢ 300 °C, 400 °C, 500 °C, 600 °C dugc
danh gia bang phuo‘ng phap pho phan xa
khuéch tan tir ngoai-kha kién. Két qua thu duoc
trinh bay trén Hinh 2 cho thy cac dai hip thu
bat ddu tir viing tlr ngoai trai dai sang vung kha
kién, bd hip thu phan 16n nam trong ving birc
xa mau xanh cua quang phd mit troi, cac vat
liéu déu c6 kha nang hap thu quang trong ving
anh sang kha kién, tuy nhién, so vdi cac vét ligu
WOs nung & cac nhiét do khac, vat liéu WOs3
nung & 500 °C c6 bd hip thu quang chuyén dich
sang ving budc song dai hon. Dua trén sy két
hop phuong trinh Kubelka-Munk véi do thi
Tauc, nang luong viung cAm cua cac vat liéu
WO3-300, licu WOz-400, licu WOz-500, ligu
WO3-600 dugc x4c dinh lan luot 1a 2,80; 2,75;
2,72; 2,76 eV (Hinh 3). Piéu nay duoc giai
thich 1a do: i) Trong tinh thé WO3 dang pha don
ta, cac 16p WOs dugc lién két chat ché voi nhau
boi cau lién két oxi (W-O-W), trong khi d6, &
mot s& chd bén trong cAu tric tinh thé
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WO03.0,33H,0, cau oxi (W-O-W) lién két véi
céc 16p bi dut, nguyén tir W lién két v6i nguyén
tir O ciia phan tir HoO ton tai ty do bén trong
WO;. Céac dic diém khac cta ciu trac nhu do
nghiéng cua goc, dang hinh khdi, thong sb
mang ciing anh huong dén kha niang di chuyén
cta electron téi bé mat vat lidu, gia tri ning
luong ciia ving din va ving hoa tri. Didu nay
lam tang kha nang hap thu quang trong vung
kha kién va 1am giam ning luong ving cam cua
dang don ta (WOs3) so voi dang truc thoi
(WO0s.0,33H20) [19, 38]; va ii) Cac vat liéu
WO03-500, WO3-600 c6 cing cau trac pha don
ta, tuy nhién, khi tang nhiét d6 nung, nhiét duoc
cung cap, tao diéu kién thudn loi cho qua trinh
két hop cta cac hat nho nim ké nhau, do do6
kich thudc hat tang, lam ting quang duong dich
chuyén electron t6i bé mat vat liéu, do d6, lam
giam kha niang hip thu anh sang va ting ning
lwong ving cam [39]. Dang don ta c6 su ting
chd tréng oxi, giam kich thudc hat vat lidu, cac
electron sau khi bi phan tach cang nhanh chong
di t6i bé mat vat liéu, thic déy qué trinh phan
tach electron ra khoi 16 tréng, 1am ting kha
nang hép thu quang cua vat liéu [19]. Nhiét do
nung anh huéng dén do hip thu quang va
khoang cach vung cAm cua vat liéu. Tu cac két
qué thu dugc cho phép du doan vat ligu WO3
nung & 500 °C la vét li¢u xuc tac c6 hoat tinh
quang manh nhit trong ving kha kién.

1.0

—— WO,-300
—— WO0,-400
—— WO,-500
—— WO,-600

0.8

D§ hip thu (a.u)

T T T T T
300 400 500 600 700 800

Buédc song (nm)

Hinh 2. Phé UV-VIS-DRS cua céc vt liéu
WO0O3-300, WO5-400, WO3-500, WO3-600.

Phuong phap phd quang phét quang 1a mot
trong nhitng phuong phap quan trong duoc s
dung dé nghién ctru vé sy tai to hop cua cac cip
electron - 15 trong quang sinh xay ra trén bé mat

vat lidu. Day 1a yéu td rit quan trong anh huong
dén hoat tinh cua vat liéu quang xtic téc.
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Hinh 3. D4 thj Tauc x4c dinh ning luong ving cAm
cua cac vat liéu W0O3-300, WO3-400,
WO0O3-500, WO3-600.

Phé quang phéat quang cua cac vat liéu
WO0;-300, WOs-400, WO3-500, WO3-600
(Hinh 4) dugc ghi ¢ nhiét do phong, budc song
kich thich 1 328 nm. Két qua thu duogc 1a cac
dai pho6 co6 hinh dang gin gidng nhau, trai rong
tir budc song 350 nm dén 600 nm. Nam dinh
nhiéu xa cuc dai dugc tim thdy trong phd quang
phat quang cua tat ca cac vat liéu co cuong do
cao va dinh rong nim trong vung kha kién mau
xanh luc, & budc song 1an luot 1a 450, 470, 481,
491 va 561 nm. Tuy nhién, cuong do phat
quang cua cac vat liéu giam dan theo thu tu:
WO3-300 > WO3-400 > WO3-500 > WO3-600.
Do vy, c¢6 thé nhan thiy kha ning tai to hop
clia cac electron va 15 trong cua vat licu WO;
giam khi vat liéu WO3 c6 cdu tric pha don ta va
tang nhiét do nung [40].

Cuong dj (a.u)

T T T T
350 400 450 500 550 600
Budc séng (nm)

Hinh 4. Phd quang phat quang PL cua cac vat lidu
WO03-300, WO3-400, WO3-500, WOs-600.
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3.2. Danh gia hoat tinh quang xuc tac

Pé danh gia hoat tinh quang xtc tac clia cac
vat lidu, trudc hét tién hanh nghién ctu kha ning
tu quang phan cua dung dich Tetracycline trong
diéu kién khong c6 xtic tac. Két qua nghién ctru
cho thdy khi chiéu anh sang kha kién vao dung
dich Tetracycline thi ching bi phan huy khong
dang ké nén qua trinh ty quang phan cua
Tetracycline s€ dugc bo qua trong nghién ciou
danh gia hoat tinh quang xac tac phan huy
Tetracycline ciia vét lidu. Két qua khao sat kha
nang phan huy Tetracycline cia vat liéu WO;
trong diéu kién bong t6i (hap phu) 2 gio va chiéu
(quang xtc tac phan huy) sang 3 gid bang dén
Led (220V-35W) duoc trinh bay ¢ Hinh 5.

Két qua cho thdy, hiéu suat hip phu
Tetracycline cua cac vat liéu giam dan theo thir
tu: WOs3-300 > WO3-400 > WO3-500 > WO3-600,
con hiéu sudt quang xGc tac phan huy
Tetracycline lai giam dan theo thir tu: WO3-500
> WO5-400 > WO5-600 > WO5-300, véi hiu suét
xir 1y Tetracycline tuong mg 1an luot 1a 43,74,
40,42, 37,91 va 36,59 %. Két qua nay phu hop véi
cac két qua nghién ctru phén tich PL, UV-VIS-
DRS va céc két qua da duoc cong bd trudc day
[19, 20, 36]. Cac vat liéu WO3-300 va WO;-400
c6 pha don ta va pha tryc thoi, con cac vat liéu
WO;-500, WO3-600 chi c6 duy nhat pha don ti.
So véi pha tryc thoi, pha don ta c6 kha ning hap
thy 4nh sang nhin thy tot hon, ning luong ving
cAm thu hep hon, kha ning tai t6 hop clia cac cip
electron va 16 tréng ciing duoc han ché nén hoat
tinh quang xuc tac t6t hon. So voi vat liéu
WO3-600, vat liéu WOs-500 cé sy giam nang
luong ving cam, kha ning hip thu quang manh
hon nén c6 hoat tinh quang xtic tac tot hon.

60
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Hinh 5. Sy phan huy Tetracycline
boi cac vat liéu quang xuc tic WO3-300,
WQO3-400, WO3-500, WO3-600.

Trén co so cac két qua thu dugc sau khi
thuc hién thi nghiém voi ba loai chat dap tat
gbc khac nhau, bao gdm 1,4-benzoquinone (bay
anion Og*), tert-butyl alcohol (bay gbc HO-),
amonium oxalat (bdy h*) dé x4c dinh vai tro ciia
tac nhan oxi hoa trung gian, chung toi d& xuat
co ché quang xtic tic md ta qua trinh phan hay
Tetracycline (TC) cua cac vat lieu WO3 gom
cac budc nhu sau: i) Dudi tac dung cua anh
sang nhin théy, cac vat liéu WO3 hép thu nang
luong photon dé kich thich céc electron (&) &
vung hod tri nhay 1én ving dan dé lai cac 16
trbng ¢ ving hoa tri; ii) Cac 16 trong quang sinh
(h*) & ving hoa trj cua vat liéu WOz truc tiép
oxi héa H,O dé tao thanh céc géc HO"; va
iii) Cac géc HO" 1a tac nhan oxi hoa manh va
dong vai tro chinh trong viéc phan hay
Tetracycline tao thanh CO,, H,O va cac chat
khong doc. Tuy nhién, bén canh d6, mot lugng
dang ké ¢ trén ving dan s& dé dang di chuyén
dén ving hoa trj cia WO3 dé két hop véi h*. Su
tai két hop dién tich giita ¢ va h* 1am giam hoat
tinh quang xuc tac cua vat liéu.

WO;3 + hv — h*vg WO3) + ecg (WOs3)

h*ve (WO3) + H,O — HO® + H*

(HO") + TC — CO2 + H20

O 0;

H:0

Hinh 6. Co ché quang xuc tac
phan huy Tetracycline cta vat li¢u xtc tic WOs,

4. Két luan

Trong nghién ctru nay, cac vt li¢u xtc tic WO3
¢6 cAu tric va dic tinh khac nhau da duoc téng
hop thanh céng bang phuong phap két tua va
nung trong 2 gid & cac nhiét do lan luot la
300 °C, 400 °C, 500 °C va 600 °C. Céc xir ly
nhiét nay cho phép thu duoc cic pha tinh thé
tryc thoi va don ta cia tungsten trioxide. O
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nhiét d6 nung 500 °C, ciu tric pha truc thoi
chuyén hoan toan thanh pha don ta, co su giam
ning lugng ving cam va giam kha ning tai t6
hop cua electron va 15 tréng quang sinh. Nhiing
dic tinh nay dong vai tro quan trong quyét dinh
hoat tinh quang xtc tac ndi troi cia vat liéu
WO3-500 so voi cac vat liéu & cac nhiét do
nung khac trong xur 1y khang sinh Tetracycline
dudi su kich thich ciia 4nh sang nhin thay trong
méi trudng nudc, voi hidu sudt xu 1y dat
43,74%. Do d6, 500 °C 14 nhiét d6 nung tdi wu
dugc chon dé téng hop nham nang cao hoat tinh
xuc tac cua cac vat liéu WOs.

Loi cam on

Cong trinh dugc hd tro bdi nhoém nghién
clru manh vé VAt liéu tién tién trong bao vé modi
truong va phat trién xanh, Trudong Pai hoc
Khoa hoc Tu nhién, Pai hoc Quéc gia Ha Noi.
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