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In this study, zinc oxide (ZnO) thin films were deposited on the quartz
tubes of UV lamp by dip-coating technique. The structural, surface
morphology, optical and photocatalytic property of ZnO thin films were
studied. X-ray diffraction analysis showed that the ZnO thin films has a
crystalline structure of hexagonal wurtzite. The SEM image confirms that
the grown film is composed of nanoparticles about 20 to 30 nm and
thickness of films in range about 180 nm. The band gap value was 3.06
eV for the ZnO thin films at room temperature. Additionally, the
photocatalytic activity was investigated using tetracycline under 1TW UV
lamp irradiation. Results determined at 360 nm wavelength showed that
the decomposition efficiency after 5 hours reached 72.3% when using
about 130 cm?® of ZnO thin films, 800 mL of tetracycline hydrochloride

100 mg/L.

Gidi thiéu chung

Su hién dién qua muc cla cac chét khang sinh trong
nudc mat (dong song, ao, ho,...) va nudc ngam dé tao
diéu kién cho vi khudn c6 thé phéat trién kha nang
khang khang sinh, két qua la hiéu qua diéu tri khi su
dung thudc khang sinh gidm [1]. Do vay, viéc loai bd
khang sinh khdi nguén nudc la rat can thiét, gép phan
bao vé suc khoé con ngudi.

Hién nay, mot s§ phuong phéap da dugc st dung dé
loai bd hodc bién déi khang sinh thanh cac cdu trdc an
toan han la hép phuy, déng ty, oxy hoa nang cao, xU ly
dién hda hay loc nano,... [2]. Trong do6, phucng phap
oxy hoa néng cao sU dung chét xtc tac quang hoé
dugc coi la phuong phap hoé hoc xanh trong loai bd
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chét khang sinh va téi tao nudc sach, vi phuong phép
nay co thé phan huy hoan toan chét khang sinh thanh
c4c chat vo cg don gian [3].

Trong s cac chat xUc tadc quang dugc nghién clu,
ZnO 1a oxide ban dan cé ving cdm réng (3,37 eV)
nhung nhan dugc su cht y dang ké nha nhiing dac
tinh nhu do linh déng dién t& cao (200 cm?V's™, ¢
thé hép thu phan Ién phé UV, khéng déc hai, chi phi
san xudt thédp [3,4] va da dang phuong phap téng hop
[5]. Bén nay, mdt s& nghién cliu da cho thédy hiéu qua
clia xUc tac ZnO trong phan Ung phan huy khang sinh
amoxicillin [6], ampicillin, cloxacillin [7], ciprofloxacin,
metronidazole [8], tetracyline [9-12], pelicillin G [13],
sulfamethoxazole [14]. Tuy nhién, theo tim hiéu cla
chiing t6i, hau hét cac nghién cliiu mdi dang tép trung
vao véat liéu nano ZnO dang bét, s6 it nghién cliu vé
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mang nano ZnO [15,16] va chua cb bdo cdo vé& mang
nano trén éng den UV cho Ung dung xU ly khang sinh.

Trong nghién ctu nay, mang ZnO trén éng den UV
dudc ché tao bang ky thuat nhiing phu, day 1a ki thuat
don gidn, chi phi thap, tiét kiém nguyén liéu. Mot s6
dac trung cau tric cia vat liéu ZnO da dugc khédo sat.
VGi dinh hudng s& dung mang ZnO cho xU ly khéang
sinh sau nay, & day ching toi lua chon khang sinh
tetracycline hydrochloride (C22H24aN208.HCl) - mét
khang sinh dugc sit dung nhiéu trong diéu tri mét s6
bénh do nhiém trung, n6 cling la khang sinh hay dugc
s dung trong nhiing nghién ctu ban dau khi danh gia
kha nang lam xuc tac quang cla vat liéu.

Thuc nghiém va phuang phap nghién clu
T6ng hgp dung dich

Cac hod chat dung trong nghién ciu gdém: zinc
acetate dihydrate Zn(CH;CO0O)2.2H:0, isopropanal
CsHsO, ethylene glycol C2HeOs, ethanolamine CoH7NO
clia Trung Quéc cé do tinh khiét Ién han 99%.

Dung dich ZnO dugc t6ng hop bang phuong phép
sol-gel, dua trén cg s& tham khao két qua nghién ciu
trudc déay clia chidng toi [17], trong dé c6 diéu chinh
néng do Zn®*. Cu thé cho 109,75 gam mudi zinc
acetate dihydrate vao 500 mL hén hgp dung méj,
isopropanol va etylen glycol vdi ty |é thé tich 3:1, khudy
hon hap trong 1 gis & 60°C. Sau dom ha nhiét do hon
hop vé 25°C, thém tU tU vao 30 mL ethanolamine,
khudy tiép hdn hop trong 3 gid thu dugc dung dich
doéng nhat (goi la dung dich ZnO). Dung dich nay dugc
8n dinh trong 24 gi& & nhiét do phong trudc khi dung
dé ché tao mang trén éng den UV.

Ché tao mang

Mang nano ZnO trén éng den UV 1IW co kich thudc
dai 250 mm, dudng kinh 20 mm dugc ché tao bang ky
thuét pht nhdng. Dau tién, 6ng dén UV dudgc lam sach
bang nudc cét, ethanol rdi sdy & 150°C trong 30 phdt.
Tiép theo, 6ng den UV dugc dat trong 6ng thuy tinh
chtra dung dich ZnO, sau dé dung dich dugc bom vao
va théo ra vdi téc d6 dung dich dang lén/ha xuéng la
10 cm/phdt, sau dd éng den UV dudc 1y ra va sdy &
nhiét dé 150°C trong 20 phut. Quy trinh phi dugc lap
lai 5 [&n, sau cung ung U 6ng da phu mang dugc &
500°C trong 4 gid, t6c db gia nhiét 5°C/phut dé tinh
thé hoa cdu truc.

Xdc dinh ddc trung cdu trdc va tinh chdt cia mang

éng thach anh da phl mang dugc cét véi kich thudc
khodng 1x1 cm, sau do dugc dem xéc dinh cac dac

trung. C4u trdc tinh thé xac dinh bang phép do nhiéu
xa tia X st dung may D8 Advance (Bruker - Buc), Kocu)
cd N = 1,5414 A Hinh thai hoc bé mat va do day mang
dugc chup trén thiét bi SEM S-4800 Hitachi. Thanh
phan hod hoc va phan b nguyén t6 dugc kiém tra
trén thiét bi Nova nano SEM 450. Nang lugng ving
cédm (Eg) xac dinh bang phép do phd phan xa khuéch
tan t ngoai-kha kién trén thiét bj Jasco-V670, dai
budc séng tir 200 dén 800 nm.
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Hinh 1: Ong thach anh ctia dén UV trudc va sau khi tao
mang

Thar nghiém hoat tinh quang xuc tdc trong phdn (ng
phdn huy khdng sinh

Trong nghién cdu nay, ching toi lua chon khang sinh
tetracycline hydrochloride (ki hieu TC) dé danh gia
hoat tinh quang xuc tac cua vat liéu mang da ché tao.
Pau tién, dua 6ng den UV da tao mang ZnO (t6ng
dién tich mang ~150 cm?) vao 6ng thép chita sdn 800
mL dung dich TC néng dé 100 mg/L, dé trong bong
t6i 60 phut cho can bang hdp phu. Sau dé, 1ay 3 mL
dung dich, pha lodng va do dé hap thu quang (Ao) tai
budc song 275 va 360 nm (Ao la dé hap thu quang tai
thai diém chua cé quang xUc tac, t = 0). Tiép theo, suc
khong khi vai téc do 2L/phut vao hé va bat den UV
W, sau mbi khodng thai gian 60 phat 18y 3 mL mau,
pha lodng va do dé hdp thu quang (AY) tai hai budc
séng trén. Hiéu suat phan hiy TC (H%) tai tUng budc
song dugc tinh theo céng thic:

A, —A

H% = £.100% (M

0

Hang s6 t8c do phan Ung (k) dugc xéc dinh théng qua
mai lién hé gitta In(Ao/Ar) va thdi gian (t), theo phuong
trinh déng hoc bac nhét.

INA, = —kt+InA, @)
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K&t qua va thao luan

Hinh 2 1& két qua do nhiéu xa tia X mau mang ZnO
phu trén 6ng dén UV. Két qua cho thay, sau khi nung U
da tao ra dugc mau mang don pha, ding cdu tric
hexagonal wurtzite, cac peak dac trung tai 31,0° 34,5°,
36,2°, 47,6° 56,7° va 63,1° tucng Ung vd&i cac ho mat
phdng (100), (002), (101), (102, (110) va (103).
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Hinh 2: Gian do nhiéu xa tia X clia mau mang ZnO

Hinh 3 la anh hinh thai hoc bé mat va dé day mang
xac dinh bang kinh hién vi dién tir quét phan giai cao.
Quan sat thdy, mang ZnO phu trén 6ng den UV dugc
hinh thanh ttr cc hat nano ZnO ¢ kich thudc cha yéu
trong khodng 20 - 30 nm, dién tich bién hat I6n (Hinh
3a), do day khodng 180 nm va kha dong déu (Hinh 3b).

Su ¢ mat va ham lugng clia cac nguyén té trong vat
liéu mang ZnO dugc xac dinh dua vao két qua do
EDX-Mapping trinh bay & Hinh 4. Nhin chung, su phan
bd cac nguyén t8 Zn, O trong mau vat liéu mang vdi
mat do kha dong déu, phS EDX xudt hién pic dac
trung clia hai nguyén té trong thanh phan mang la Zn,
O. Ngoai ra, phé EDX cé thém pic dac trung clia mét
s& nguyén t6 trong thanh phan éng dén nhu Ca, Na,
Si, C, vi d6 day mang ZnO nho (~180 nm).

Phép do phd DRS ciia mau mang ZnO dudc chi ra &
Hinh 5. K&t qua xac nhan mau mang c6 dé hap thu
cao trong vliing tU ngoai, gia tri nang lugng vang cdm
(Eg) 1a 3,06 eV, nho han so vdi ly thuyét 3,37 eV, tuong
Ung vdi budc séng hdp thu & khodng 405 nm. Nhu
vay, xUc tac mang ZnO cé kha nang hép thu buc xa tu
den UV dé tao ra g6c tu do, gitip phan huy chét khang
sinh TC.
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Hinh 3: Anh SEM hinh théi hoc bé mat va
mat cat do day mang ZnO

Hinh 6a la phd UV-Vis cac mau dung dich dugc pha
lo&ng 4 lan theo thdi gian chiéu xa tur 0 dén 300 phut
chiéu séang. Dé dang thay su gidm gia tri d6 hap thu
quang tai hai budc song dac trung clia TC & 275 va
360 nm, d6 hédp thu quang & budc song 360 giam
manh hon & budc séng 275. Hiéu sudt quang xUc tac
sau 300 phut xac dinh tai budc song 275 la 45,1% va
https://doi.org/10.62239/jca.2024.083
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Hinh 4: Phé EDX va anh SEM Mapping mang ZnO trén éng den UV

360 nm la 72,3%, cao hon nhiéu 1an mau khong sut
dung mang ZnO (Hinh 6b). Theo hiéu biét cla ching
téi, hién nay hau hét cac bao cdo da cong bé mdi tap
trung déanh gia hiéu suét phan huy dua vao dinh hép
thu tai 360 nm, chua c6 nhiéu bao dua vao dinh hap
thu tai 275 nm.
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Hinh 5: Phé DRS: UV-Vis ctia mang ZnO
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Hinh 6: (a)-Phd UV-Vis clia dung dich, (b)- Hiéu suat
x ly TC clia mang ZnO theo thdi gian chiéu xa va ()
phuang trinh déng hoc bac 1 phan huy TC

K&t qua xr ly & Hinh 6¢ cho théy gia tri In(Ao/AY) phu
thudc tuyén tinh vao thdi gian (t) véi hé s6 hoi quy r? >
0,92, nén c6 thé xem qué trinh phan hay TC c6 mat
xUc tac ZnO tuan theo phuang trinh dong hoc bac 1,
phu hop véi qua trinh xc tac di thé va tuong dong vdi
mot s6 cong trinh nghién clu [9-11,18]. Hang s6 k xac
dinh theo budc séng 360 nm khi s& dung mang ZnQO la
0,0044 phut™, cao hon 6,3 [an khi khéng st dung chét
xUc tac (0,0007 phut™).

Co ché cla qué trinh phan huy c6 thé dugc ly giai la
do vét lieu mang ZnO hép thu blc xa tUr den UV lam
cho céc electron b kich thich va di chuyén tir viing hoa
tri 1én vung dan (e-), dong thdi tao ra cac 16 tréng (h+)
& vung héa tri [3].

ZnO + hv (dén UV) = ZnO(e ™ + h*"8)
ZnOE™“®) + O (khdng khi suc vao) —» ZnO + +O2
ZnOt*®) + H20 = ZnO + H* + «OH

Tiép theo, trén bé mat mang, cac h+ phan Ung vdi
H20 sinh ra géc ty do *OH, cac e- phan Ung vai O
sinh ra =02, Sau do, cac géc tu do sinh ra oxy hoé
phan t& TC hdp phu trén bé mat mang.

TC —=M 5 chét trung gian ——2"5 CO» + H.0

TC —% 5 chét trung gian ——2%— COz + H0

Két luan

K&t qua tU cac phép do dac trung vat liéu nhu XRD,
SEM, EDX-Mapping khdng dinh da ché tao thanh céng
vat liéu mang nano ZnO trén 6ng den UV.

K&t qua danh gid hoat tinh quang xuc tac chiing minh
hiéu sudt phan huy TC dugc tang 1én nhiéu 1an khi s
dung xuUc tac mang nano ZnO trén &ng den UV 11W,
hiéu sudt phan huy xac dinh tai budc song 360 nm la
72,3% sau 300 phut, gia tri hang s6 téc do la 0,0044
phat™.

Hé quang xUc tac trén cd s& mang nano dudc ché tao
trén 6ng den UV chim trong nudc co tiém nang Ung
dung trong thuc té, co thé tich hgp vao hé théng xur ly
nudc thai chita khang sinh.
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