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ABSTRACT

In this study, zinc oxide (ZnO) doped with Sn thin films were deposited
on the glass substrate at 550 °C by dip-coating technique using the
solution synthesized by sol-gel method. The structural, surface
morphology, optical and photocatalytic property of thin films were
studied. X-ray diffraction (XRD) analysis showed that the Sn-doping
greatly changed the microstructure, morphology and optical properties
of ZnO films, which may contribute to the enhancement of
photocatalytic activity. Additionally, the photocatalytic activity was
investigated using methylene blue dye under solar irradiation, with has
high UV index from 7 to 8. The results indicated that Sn-doped ZnO
had a higher photocatalytic activity and Sn dopant greatly increased the
photocatalytic activity of ZnO thin film.

Gidi thiéu chung

hop cla cac cap electron-16 tréng trong qué trinh
quang hod, déng thai da md réng dugc b hap thuy

TU 14y, ZnO da dugc biét dén nhu 1a mét trong nhiing
chét xtc tac quang thich hgp cho phan dng phéan hay
cac chat mau hitu co dudi sy chiéu xa cla tia UV [1,2].
Uu diém cta ZnO la chita nguyén t§ phd bién, khéng
déc hai, dac biét la da dang céu tric va phuong phép
téng hop [3,4].

V@i cdu trdc nano, pha tap va composite, hiéu qua
quang xuc tac cta ZnO da dugc tang lén dang ké
[5,6]. Nguyén nhan la lam giam dugc khad nang téi t&

cla vat liéu vé vung kha kién [5-7]. Tuy nhién, hau hét
cac nghién cltu hién nay dang tap trung vao loai vat
litu nano dang bét ma chua cd nhiéu nghién clu vé
mang nano ZnO cho Ung dung quang xuc tac [8-11].
Uu diém ndi bat clia cdu tric nano dang mang so Vdi
dang bét la lugng xuc tac can rét it, téi s dung dugc
nhiéu 1an, dé& dang thu hoi va han ché anh hudng dén
mai truong.

Tiép ndi két qua da dat dugc trong nghién clu trudc
day vé mang ZnO [12], trong bai nay ching t6i béo
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cao két qua vé ché tao va tinh chat cia mang ZnO pha
tap Sn cho dinh hudng Ung dung xUc tac phan huy
chét mau hitu cg trong mai trudng nudc.

Thyc nghiém va phuang phap nghién cdu

T6ng hgp dung dich

Cac dung dich dung ché tao mang dugc téng hop
bang phuong phap sol-gel dua trén quy trinh da céng
bd clia chiing t6i, trong dé co thay déi mot s6 yéu té
dé phu hgp vdi sy pha tap thém nguyén t& Sn [12].
Theo dé, hai tién chét, mudi zinc acetat 0,5 M va mudi
tin(IV) cloride dugc hoa tan cing mét IUc vdi ty 1é mol
Sn/(SN+Zn) 18 0 %, 2 %, 4 % va 6 % (ki hiéu mau lan
lugt la ZnO, SZO2%, SZ04% va SZ06%) trong 20 mL
dung méi isopropanol. Tién hanh phéan Ung sol-gel &
70 °C trong 1,0 gi, dung dich thu dugc c6 mau trang
duc. Thém tiép 10 mL ethylene glycol dé diéu chinh doé
nhét ctia dung dich va hd trg viec hoa tan tién chét
mudi kim loai. Binh phan Ung dugc én nhiét trong 1,0
gig, ngiing gia nhiét dén khi binh phan Ung vé nhiét
dd phong, thém tu tu 1,0 mL ethanolamine vao hé
phan Ung va ti€p tuc khudy trong 5,0 gig thu dugc
dung dich ZnO pha tap Sn déng nhét, khéng mau.

Ché tao mang

Lam kinh dung lam dé c¢ kich thudc 60 mm x 25 mm
x 1 mm dugc lam sach bang k§ thuat rung siéu am lan
lugt trong cac dung moi ethanol 99,7 %, nudc khir ion,
sau do dugc sdy & nhiét do 150 °C trong 2,0 gio. Dé
dugc nhing vao dung dich d& t6ng hop vai téc do
nhung-kéo 1a 50 mm/phdt. Sau méi 1an nhing, dé da
phi mang dugc sdy & nhiét db va thdi gian phlu hagp.
Cac mau dé phu mang da I6p dugc tinh thé hoa cau
tric & 550 °C trong 3 gid.

Xdc dinh ddc trung cdu trdc va tinh chdt cda mang

Cac miu mang da dugc kiém tra cdu truc tinh thé
bang nhiéu xa tia X (X-ray diffraction, XRD) trén hé
thiét bi Siemen D5005 Brucker, s& dung ngudn Cu-Kq
phat v&i budc song buc xa A = 0,1541 nm. Hinh thai
hoc bé mat mang va db day mang dugc chup bang
kinh hién vi dién tir quét hiéu Ung trudng phan giai cao
Hitachi S-4800 (field emission scanning electron
microscopy, FESEM). Thanh phan hoa hoc dugc xéc
dinh bang phé tan nang lugng tia X (energy-dispersive
X-ray spectroscopy, EDX) trén hé SEM SM6510LV vdi
dau do EDX X-Act va gig tri nang lugng vung cém

dugc xac dinh bang phd khuéch tan t& ngoai kha kién
(UV-Visible Diffuse Reflectance Spectroscopy, DRS) trén
thiét bi do phé Jasco-V670.

Tha hogt tinh quang xuc tdc

Trong nghién cdu nay ching t6i lua chon chat mau
methylene blue (CisHisCINsS, ki hiéu MB) dé tién hanh
th(r hoat tinh quang xdc tac cla vat liéu. Lay 4 dé thuy
tinh d& tao mang (~ 20 mg vét liéu, t8ng dién tich 2
mat 100 cm?) cho vao céc chia 100 mL dung dich MB
nong dé 10 mg/L, mat phang dé hop vai mat phang
day c6c mét goc 60°, dé trong bong téi 30 phut cho
can bang hap phu. Sau do, 1dy 5ml dung dich dem xac
dinh mat dé quang Ao (Ag dugc coi la mat do quang
tai thai diém chua co quang xUc tac, t = 0). Tiép theo,
dua mau ra méi trudng tu nhién dudi anh sang mat
trdi v&i chi s tia UVt 7 dén 8, sau mdi khodng thai
gian 30 phdt 18y 5 mL mau dem do mat do quang (Ay)
tai budc song 664 nm. Tién hanh quang xUc tac trong
150 phut. Hiéu sudt phan hdy MB tinh theo cong thic:
C,—-C, A, -A
., A

0 0

H% = £.100%

Hang s6 t6c db phan ting (k) dugc xac dinh théng qua
mai lién hé gitta In(Co/C) va thai gian (1), theo phuong
trinh déng hoc bac nhéat.
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Hinh 1: Phé nhiéu xa tia X cia mau mang ZnO va ZnO

pha tap Sn

Hinh 11& két qua ghép nhiéu xa tia X mau mang ZnO
va ZnO pha tap Sn. K&t qua cho thay, viéc xr ly nhiét
thich hgp trong qua trinh nung U da tao ra dugc cac
mau mang don pha. PhS nhiéu xa tia X xudt hién cac
peak ddc trung tai 31,0° 34,5° va 36,2° tuong Ung vdi
cac ho mat phang (100), (002) va (101), dung cu tric
hexagonal wurtzite. Bén canh do, d& quan sat thay
anh hudng cta Sn dén dinh huéng uu tién phat trién
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tinh thé, cu thé 13 tinh thé trong mau mang phat trién
theo truc ¢ (002) manh hon khi tdng ham lugng Sn.
Ngoai ra cling khéng théy su thay déi dang ké nao vé
cac hang s6 mang gitta cac mau vat liéu, c6 thé do
ham lugng Sn dua vao mang nén ZnO khong I16n va
ban kinh Sn** (0,069 nm) gén vd&i Zn®* (0,074 nm).

IMS-NKL 2.0kV 5.0mm x100k SE(M)

Hinh 2: Anh FESEM hinh thi hoc bé m3t mang ZnO va
ZnO pha tap Sn

C&u trdc vi md va hinh thai hoc dugc xac dinh bang
kinh hién vi dién tir quét phan giai cao. Hinh 2 cho thay
anh vi mé clia cac mau mang ZnO va ZnO pha tap Sn
da co su thay déi hinh thai do ham lugng pha tap khac
nhau cua Sn trong ZnO. C4c hat nano ZnO pha tap Sn
c6 ban chét khong déng nhat. Khi tdng ham lugng Sn
pha tap cac hat hinh cau c6 xu hudng gidm kich thudc
va xudt hién thém céc thanh nano.

Nhu vay, Sn** khi thdm nhdp vao cdu tric mang nén
Zn0 c6 thé d3 anh hudng dén co ché tao mam dan
dén thay d6i dinh huéng uu tién phat trién tinh thé va
hinh thai hoc.

Trén g s& két qua nhan dugc tUr dnh FESEM bé mat
mang, hai mau mang dién hinh da dugc do dé day 16p
phu. Trong diéu kién t6ng hop, mang ZnO va ZnO pha
tap Sn ché tao dugc cé dé day khodng 380 nm va kha
dong déu (Hinh 3).

IMS-NKL 5.0kV 4.7mm x50.0k SE(M)

Hinh 3: Anh FESEM mét c&t d& day mang ZnO va ZnO
pha tap SZ04%

Hinh 4 la két qua phép do phS EDX gilp kiém tra

thanh phan cac nguyén t6 trong mau mang. Nhin

chung, trén phd EDX d& xudt hién peak cla céc
nguyén té trong thanh phan mang la Zn, O, Sn.
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Hinh 4: Phé EDX mang ZnO va SZ04%

Ham lugng nguyén t& Sn xac dinh dugc phu hgp véi
tinh toan khi téng hop dung dich, cu thé ty lé
Sn/(Sn+Zn) la 0%, 2,07 %, 4,18 % va 5,77 % tuong Ung
v&i mau thuyét pha tap 0%, 2 %, 4 % va 6 %. Do do

issue 3 (2021) 11-16

day I6p mang méng nén cling ghi nhan dugc su xuéat
hién peak clia cac nguyén t6 trong thanh phan dé nhu
Na, C, Si, Ca.

Phép do phd DRS clia cac mau mang ZnO va ZnO pha
tap Sn dugc chira & Hinh 5. K&t qua cho thay, cac mau
mang ¢b doé hdp thu cao trong vung t& ngoai. Gia tri
nang lugng ving cam (Eg) cla mau mang pha tap 0
%, 2 %, 4 %, 6 % lan lugt 1a 3,27 eV; 3,23 eV; 3,21 eV
va 3,19 eV, nhd hon so vdi ly thuyét 3,37 eV [3], tuong
Ung vdi budc séng hdp thu & khoang 390+400 nm.
Nhu vay, cac mau mang déu co kha nang hép thu buc
xa mat trai dé thyc hién phan ng quang xdc tac.

Zn0O
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Hinh 5: Ph& DRS mang ZnO va ZnO pha tap Sn

Banh gia thir nghiém hoat tinh quang xUc tac cla cac
mau mang dudc tién hanh dudi blc xa mat trdi trong
khodng thai gian tir 11 gic 00 dén 13 gig 30 phut, chi
s& tia UV 7 = 8, dd 8m 35 + 45 %, nhiét do 33 + 35 °C.
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Hinh 6: Kha nang hap phu va quang xdc tac phan huy
MB cla mang ZnO va ZnO pha tap Sn

S6 liéu thuc nghiém dugc dugc xr ly va dua ra trén
Hinh 6. K&t qua cho thdy MB kha bén véi blc xa mat
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trgi nhung bi phan huy manh khi c6 mat xic tac. Trong
khodng khdo sat, khd nang phan huy MB tang khi tang
ham lugng pha tap Sn va tang thai gian chiéu xa. Cu
thé 13 sau 150 phdt: mau ZnO dat 61%, mau SZ02%
dat 77%, SZO4% dat 84% va SZO6% dat 92%.

T
—(1)-MB =
204 | — (2)-MB+700 g
| [——0G)MBsz02%
——— (4)-MB+SZ04%
3 154 [——()MB+5706%
3 £l (1
) El
= =i
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Hinh 7: Ph& UV-Vis cac mau dung dich sau 150 phut
quang xUc tac

Hinh 7 1a két qua phd UV-Vis cac mau mang sau 150
phut chiéu sang. Két qué cho théy su gidm gia tri mat
dé quang tai cac budc song dac trung cla MB & 664
nm, 290 nm, 245 nm va khong thdy xudt hién cac van
hép thu la trong khoang budc séng 200-800 nm. Trén
o s& nay, budc dau co thé du doan MB d& bi phan
huy thanh cac chét hitu co va/hodc vo cag don gian.
Qué trinh phan huy MB c¢6 thé dugc ly giai la do vat
liéu mang ZnO va ZnO pha tap Sn da hép thu mot
phén nang lugng tu bldc xa mat trgi lam cho cac
electron bj kich thich va di chuyén tif ving hoa tri én
vling dan (e7), dong thai tao ra cac 16 tréng (h*) & ving
hoa tri. Trén bé mat xUc tac, cac e phan Ung vdi O;
sinh ra g&c tu do "0, va h* phan Ung vai H.O sinh ra
g6 ty do "OH. Ngay lap tuc, cac gdc tu do nay tryuc
ti€p tham gia phan Ung oxy hoé phan ti MB da hép
phu trén bé mat mang [8-10].

Su phu thudc cta In(Co/Cy) vao thai gian (t) dugc biéu
thi trén Hinh 8. K&t qud cho théy, gia tri In(Co/Cy) phu
thudc tuyén tinh vao thdi gian (t) véi hé sé hoi quy cao
(R? ~ 1,0), chiing té phan Ung phan hiy MB ¢ mat xuc
tac tuan theo phuang trinh déng hoc bac 1, diéu nay la
pht hgp véi qua trinh xuc tac di thé va tuong déng vdi
mot s cong trinh nghién ctu [13-16]. Gié tri hang s6
téc dé phan Ung véi mang pha tap 0 %, 2 %, 4 %, 6 %
[an luot 1a 0,0061 phat™, 0,0093 phat™, 0,0121 phit™ va
0,0166 phut™.

254
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] e o8
204 | % $706% & o

Thoi gian (phut)

Hinh 8: Phuang trinh déng hoc phan huy MB khi
si dung xtc mang ZnO va ZnO pha tap Sn

Trong nghién clu nay, cac mau mang sau khi quang
xUc tac cling da dugc thu hoi, sdy va téi sir dung. Két
qua sau 5 lan thd nghiém trong clng diéu kién xac
nhan hoat tinh quang x{c tac clia cac mau mang thay
déi khong dang ké.
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Hinh 9: Hiéu suat phan huy MB clia cac mau mang
ZnQO va ZnO pha tap Sn sau 5 l&n quang xUc tac

K&t luadn

Su dung dung dich dugc téng hgp bang phuong phap
sol-gel, véi ki thuat nhing pht da ché tao thanh cong
vat liéu mang ZnO pha tap Sn trén dé thuy tinh. Céc
dac trung cd ban cua vat liéu da dugc khdo sat. Ham
lugng Sn pha tap da& anh hudng dén su dinh hudng
phat trién tinh thé va hinh thai hoc bé mat mang. Phd
DRS x&c nhan mang ZnO va ZnO pha tap Sn hap thu
manh buc xa tf ngoai va mét phan cla vung kha kién.
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K&t qua nghién cliu budc dau vé kha néng xdc tac cla
vat liéu dudi anh sang mat trai ¢d chi s6 tia UV 7 = 8
cho thdy, khi tang lugng Sn pha tap trén nén ZnO thi
hiéu sudt phan huy MB tang va cac phan Uing déu tuan
theo phuang trinh déng hoc bac 1. Hiéu sudt phan hay
MB cla vat liéu xuc tac giam khong déang ké sau 5 1an
st dung. San phdm cudi clia qué trinh phan hay MB
dugc du doan la cac chéat hitu cg va vo cg don gian.
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