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Ché tao va khao sat hoat tinh quang xuc tac
cua vat li¢u SnO2/6ng nano TiO2 trong
vung anh sang nhin thay
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TOM TAT

Trong bai bao nay, cac hat nano SnO; dwoc
dinh trén ong nano TiO, (SNO2/TNTs) bdang
phitong phdp thity nhiét mét buwée nham ting
cuong kha ndng quang xic tic cia éng nano
TiOz (INTs). Cau triic va hinh thdi cia vt liéu
dwge kiém tra bang phwong phdp nhiéu xa tia X
(XRD) va anh hién vi dién tir truyén qua (TEM).
Hat nano SnO dinh trén TNTs gitip lam giam toc
do tai hop cua cap dién 16 tréng tai bé mdt

tiép xiic lam tang hiéu sudt quang xiic tac cia vt
liéu. Khao sat kha nang quang xuc tac cua vat
liéu SnOo/TNTs véi cic nong dé SnO; khac nhau
duwoc thuc hién trén doi tuwong la dung dich xanh
methylene (MB) mét chat nhuém mau trong
nganh cong nghiép. Két qua cho thdy rang, vit
liéu 16 hop SnO/TNTs véi ham lwong 2 % SnO;
dinh trén TNTs cho kha nang quang xuc tdc cao
nhdt véi hiéu sudt la 70 % sau 180 phit dwoc
chiéu dwéi dnh sang mdt troi.

Tir khéa: ong nano TiOa, SNO2/TNTs, quang xiic tdc, vét liéu t6 hop, dnh sdng mdt troi

MO PAU

Trong nhirng nim gin day, tbc do do thi héa
va Viéc xa thai cua cac nha may cobng nghiép da
lam cho méi truong nude bi 6 nhiém nghiém
trong. Vi vay, viéc nghién ctu ché tao cac vat
liéu c6 hoat tinh quang xtc tac nham ng dung
trong linh vuc xu 1y nudc dang dugc céc nha
khoa hoc dic biét quan tam. Ong nano TiO:
(TNTSs) véi cau tric t phuong dugc biét dén nhu
mot vat liéu cdé hoat tinh quang xlc tac cao va
dugc ting dung rong rai trong linh vuc X 1y nude
[1, 2]. Tuy nhién, do TNTs c6 d6 rong ving cim
kh& 1on, khoang 3,8 eV ¢ diéu kién nhiét do
phong d3 1am sy hap thu caa né chi xay ra trong
viing &nh séng tr ngoai cua phd mit troi. Bén
canh do, téc do tai hop nhanh cua céc cap 16

tréng va dién tur sinh quang ciing lam can tré kha
ning quang xuc tac cia nd [3-5]. Do d6, nham
tang cuong kha ning quang xuc tac cua vat liéu
nay, ngudi ta thuong pha tap cac kim loai nhu
Au, Ag, Pt... [5-7], hay oxide kim loai nhu SnO,,
7n0... [3, 4, 8].

Céc nghién ctru trude day da chi chi ra rang:
Viéc thém vao, 1am mét b6t hoac 1am tai sap xép
cac nguyén ta Ti/O trong ciu trdc c6 thé lam
giam do rong ving cim cua vat lieu [9-11].
Ngoai ra, su két hop hai loai ban dan c6 do rong
ving cdm tuong tu s& giup cac dién tir dich
chuyén tir viing dan cua chat nay sang chat khac,
tir d6 giup qua trinh phan tach dién tich hiéu qua
hon [7, 9, 11]. Trong sé cé4c vat liéu quang xuc
tac duoc tao thanh tir cap ban dan, hé vat liéu
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SnO2/TNTs dugc cac nha nghién ciru quan tam
nhiéu nhit. Hoat tinh quang x(c tac cua cap
oxide SnO2/TNTs phu thugc rat nhiéu vao su
phan ly hat tai trén hé vat liéu nay [12, 13]. SnO,
va TNTs c6 do rong ving cam lan luot 12 3,6 va
3,8 eV [4], vi vay khi két hop hai ban dan nay lai
véi nhau, cac dién tir tir ving dan ciaa TNTs sé di
chuyén xudng ving dan cia SnO2, tuong tu nhu
vay 15 tréng s& di chuyén tir ving hoéa tri cua
SnO; Ién vung hoa tri cia TNTs [4, 6, 14]. Su di
chuyén nay lam ngin can sy tai hop cua cap dién
tar-18 trong gitip tang hoat tinh quang xUc tac cua
vat liéu [4, 6, 7]. Trong mot nghién ctiru doc lap,
Xin Xu va cac cgng si di chi ra rang SnO> la vat
liu ban dan c6 do linh dong dién tir cao (100
200 cm2V-ist) do d6, nd s& gilp viéc truyén tai
dién tich tr& nén nhanh hon [4, 8]. Hon thé nia,
do day vung din cua SnO, dwong hon so véi
TiO, [4, 5, 8], dan dén su di chuyén cua cac dién
tir kich thich tr viing dan cua TiO; t6i SnOy, tir
d6 1am can tré qua trinh tai hop dién tir va 16
tréng, gitp hiéu suit quang xuc tac cua cau tric
di thé nay tang 1én [4-6].

Trong nghién ctu nay, ching tdi tién hanh
tong hop vat lieu t6 hop SnO./TNTs bang
phuong phap thuy nhiét mot buge, dong thoi
khao st kha nang quang xtc tac cta nd voi cac
ham lugng SnO; pha tap khac nhau. Dung dich
xanh methylen (MB) duogc st dung nhu la mét
chat hiru co chi thi mau trong nghién ciru nay.
VAT LIEU VA PHUONG PHAP
Héa chit va vat li¢u

Hoa chat sir dung dé tong hop SnO2//TNTs
bao gom: Tin (IV) chloride pentahydrate
(SnCla.5H,0, Trung Quédc, d6 tinh khiét 99 %),
hydrazine hydrate (N;Hs.H.O, Trung Quéc, do
tinh khiét, 99 %), bot TiO, thwong mai (Trung
Quéc), sodium hydroxide (NaOH, Trung Qudc,
do tinh khiét 96 %), chlohydric acid (HCI, Trung
Qudc, nong do 37 %), acetone (CsHsO) , ethanol
(C2Hs0) va nuéc khir ion (DI).

Quy trinh téng hop SnO2/TNTs bing phwong
phap thiy nhiét

Dau tién, liy 68,6 g NaOH cho vao 157 mL
nuée DI, khudy tir trong 15 phat. Sau d6 1,7 g
TiO; thuong mai dugc thém vao dung dich trén
va tiép tuc khudy tir thém 30 phat nira. Tiép do,
thay doi khdi lugng SnCls.5H,0 va N,H4.H,0 dé
duogc cac ndng do tién chat SnO, dinh trén TNTs
lan luot 1 %, 2 %, 5 % va 15 % va tiép tuc khuiy
30 phat nira. Sau d6, cho toan bo dung dich trén
vao hé thuy nhiét (autoclave) va duge dat & nhiét
do 135 °C trong 24 gio. Mau sau khi thiy nhiét
duoc xur ly bang acid HCI va nudce DI cho dén pH
bang 7. Cudi cung, mau dugc siy ¢ 80 °C trong 5
gio.
Céc dic trung cua vat liéu

Hinh thai bé mat va hinh dang vat liéu dugc
xac dinh bang anh hién vi dién tr truyén qua
(TEM) tr may JEM-1400. Do két tinh cua vat
liu duoc xac dinh bang phuong phap nhidu xa
tia X (XRD) tir may Bruker D8 - Advance 5005,
st dung bic xa Cu Ka (A = 1,5406 A). Kha ning
quang xuc tac cua vat liéu dugc xac dinh bang
may quang phd ké UV-Vis Hitachi U2910.

Khao sat kha nang quang xtc tac

Lay 0,01 g mau c6 ham lugng SnO, khac
nhau phéan tan trong 60 mL dung dich MB cé
ndng d6 20 ppm. Dung dich nay duoc khudy tir
trong bong téi 1 gio dé qua trinh hap thu va giai
hip xay ra hoan toan. Sau d6, dem chiéu dudi
4nh sang cua dén gia phé mat troi, bing dén
Philips c6 cong suat 120 W. Do hip thu cua dung
dich dugc do mdi 10 phdt chiéu dén. Tat ca céc
mau déu dugc kiém tra 3 lan va ly gi4 tri trung
binh cua céc lan do nay.

Hiéu sudt quang phan huy dugc tinh theo

(Co

cong thire 7 = =" X100 %, trong d6 Co la
0

cuong d6 hap thu cua dung dich sau khi dat trang
thai can bang giai hp va hip thy, Ct 1a cuong do
hép thy tai thoi diém t.
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KET QUA VA THAO LUAN
Ciu tric tinh thé cia vat liéu

Hinh 1 1a gian d6 XRD cua cac mau véi cac
nong d6 SnO, khac nhau. Hinh 1 cho thiy voi
cac nong d6 SnO, tir 1 dén 5 % c6 sy xuét hién
cua cac dinh nhidu xa tai cac goc nhiéu xa 20 1an
luot 1a 24,7°; 48,07°,54,8°; 55,4° va 63,3° tuong
ung voi cac mat mang (101), (200), (105), (211)
va (116) cua pha anatase TNTs. Ngoai ra, con cé
su Xuat hién cua cac dinh nhidu xa 25,75° ¢ng véi
mat mang (110) cua pha rutile TNTs. Bén canh
cac dinh nhidu xa ké trén, con c6 su xuét hién cac
dinh nhiéu xa 26 1an luot tai 33,93° va 38,00° tng
v6i mat mang (101) va (200) cua SnO2. Khi nong
dd SnO; tang 1én 15 %, ngoai cac dinh nhiéu xa
cua TNTs va SnO; nhu miu 5 % thi con cé su
xuat hién thém dinh nhidu xa méi tai 64,80°
tuong tng voi cdc mit mang (112) cua SnOs..
Hon thé nira, cuong do cac dinh nhidu xa tai
(200) va (105) cua SnO; ciing ting 1én dang ké.
Trong mot nghién ciru doc 1ap, theo Carmalt va
cac cong sir thi khi két hop TiO; va SnO,, tinh
thé s& ¢6 dinh hudng wu tién 1a mat mang (101)
va (105) cuia TiOy, trong khi néu & ciing diéu kién
ma chi tong hop TiO, thi mat mang (105) thudng
khong xuat hién [7]. Nhan xét nay c6 thé cho
thiy kha tuong dong véi két qua XRD trong
nghién ctru nay.
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Hinh 1. Gian ¢4 XRD ctia SnO2/TNTs v6i ndng do
ctia SnO2 12 1 %; 2 %; 5 % va 15 %

Hinh thai hoc ciia vit liéu

Hinh 2 thé hién anh TEM cua cac mau 1 %,
2 %, 5 % va 15 % SnO»/TNTs duoc tong hop
bang phwong phap thuy nhiét mot bude. Hinh 2A
cho thiy TNTs duoc tao thanh c6 kich thuéc
ddng déu, duong kinh dng trung binh khoang 10-
12 nm, tuy nhién véi ndng do 1 % SnO; thi chwa
c6 su xuat hién hat nano SnO,. Hinh 2B cho thiy
sy xuit hién cia cac hat nano SnO, dinh trén
TNTSs véi duong kinh rat nhé va mat do kha thép,
trong khi cac hat nano SnO; da xuét hién véi kich
thude 16n hon (Hinh 2C). Hinh 2D cho thiy su
hinh thanh rat nhiéu cac hat SnO, kich thuéc
trung binh ciia chung khoang 1-3 nm. Két qua
nay cho thiy, khi ham lwgng SnO; Ion, céc hat
nano SnO; c¢6 kha ning bam 1én TNTs nhiéu hon.
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59.9mn

Hinh 2. Anh TEM ciia cic miu SnO2/TNTs véi ndng do pha tap SnO2 1an luot 1a 1 % (A), 2 % (B), 5 %
(C) va 15 % (D)

Kha ning quang xuc tic cia vit liéu

Hinh 3 thé hién toc do phan huy cia cac mdu  Két qua nay phu hop véi anh TEM trong Hinh
v6i ham luong SnO; khac nhau. Két qua cho thdy 2D, & d6 cac mot sé cac hat SnO, xuat hién day
khi tién hanh gin cac hat nano SnO, vao TNTs  dic va bao quanh TNTSs.
thi hiéu suit quang xuc tic duoc cai thién dang
ké. Pidu nay thé hién & chd hoat tinh quang xuc

tac ciia SnO2/TNTs ting dan khi ham lugng cua 10 i
SnO; tang tir 1 % -2 % va giam dan khi ham N

. , . 0.8 —4— 1% SnO,/TNTs
luong SnO; tang tir 5 %-15 %. Trong d6, ham v 2% SnO./TNTS
lugng SnO; t6i wu dugc tim ra 13 2%. Hon thé 0.6 —#— 5% SnO,/TNTs

~ S A J4 , . , X 15% SnO,/T!
nira, hiéu suit quang xdc tac cia mau 15 % SnO, Rl S

thip hon rat nhiéu so v6i TNTs. Diéu ndy c6 thé
giai thich 1a do s6 lugng cac hat SnO; hinh thanh 0.2
nhiéu va bao quanh dng TiO cang day thi anh

0.4

sang cang khoé tuong tac toi bé mat ong TiO, dé 0 20 40 60 80 100 120 140 160 180

tao ra cap dién tu-13 tréng sinh quang, cling nhu . .
a0 Ta Lap dlvll W0 TTONE sith quatis, cling Hinh 3. Téc d6 phan hiry MB ciia SnO2/TNTS theo cac
sy tiep xdc bé mat gitra o6ng nano TiOz véi MB ndng d6 SnO2 khac nhau

giam, vi vay hiéu suit quang xuc tac bi giam [4].
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Hinh 4 thé hién phé hip thu cua dung dich
MB khi c6 chit xuc tac sau 180 phut chiéu anh
sang mat troi cua cac mau co6 ham lugng pha tap
SnO, khac nhau. Két qua cho thay cuong do hip
thu dédc trung tai budc séng 664 nm cia dung
dich MB khong c6 chat xic tac sau 180 phat
chiéu dén van gir nguyén khong ddi. Tuy nhién,

v&i s cd mat cua cac chat xUc tac SnO2/TNTSs thi
cuong d6 dinh dic trung nay giam dan va voi
mau 2 % thi dinh hip thy ndy gan nhu bién mat.
Didu nay chang to rang véi mau 2 % SnO, da
phan hay rat tot va gan nhu 14 hoan toan MB sau
180 phut chiéu sang.

3,0
——MB
—SnO,
2,5 2
1% SnO,/TNTs
29 r
2,04 2% SnO,/TNTs
—— 5% SnO,/TNTs
1.5 — 15% SnO,/TNTs
1,04
N ‘//\
0.0 ! T b T T T T
400 500 600 700 800

Hinh 4. Phé hip thu cia dung dich MB khi c6 cac chat xtc tac sau 180 phut chiéu anh sang mat troi

Hinh 5 thé hién hiéu suit quang xuc tac dudi
anh sang mat troi cua vat liéu SnO2/TNTs theo
ham luong SnO.. Qua do thi cho thiy, hiéu suét
quang xuc tac ting dan tir 1 % dén 2 %, sau do
giam dan tir 2 % dén 15 %. Mau 2 % SnO2/TNTs
dat hiéu suit cao nhat (khoang 70-75 %) va mau
15 % SnO»/TNTs cho hiéu suit thap nhat (chi
khoang 15-20 %).

Bang 1 cho thdy miu 2 % SnO2/TNTs dugc
tong hop mot bude bang phuong phap thiy nhiét
trong nghién ctru nay c6 hoat tinh quang xuc tac
kh& manh, thé hién & viéc chi st dung mot luong
chét xtc tac rat nho (0,01 g) da c6 thé phan hay

dugc trén 70 % dung dich MB 20 ppm sau 180
phut.

sod 7410

Phén trim phén huy (%)

Ham lugng Sn0O, (%)
Hinh 5. Hiéu sudt quang phéan hily dudi anh sang mt
troi ciia mau voi ham lugng tién chit SN0z khac nhau
sau 180 phut
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Bing 1. So sénh kha nang quang xuc tic cua mot s chit xdc tac di thé TiO./SnO, & cac diéu kién khéac nhau

Loai 1 pepgi Thé tich Thoi | Higu -
Loai chit | Phuwong phip chat chi lwong dung dich A £ gian su?t Tailiu
D 2 thi o Foni Nguon chiéu Y phan tham
xuc tac tong hop F chat xuc chat thir chicu . -
(nong tac (g) (mL) (pht) huy khao
do) (%)
SnO2/TN Hai budc: Nuéc 0,03 40 Truc tidp anh 180 100 [3]
Ts thiy nhiét + thai dét sang mat troi
héa hoc (~40
mg/L)
MB (30 0,03 40 Dén UV (30W, 45 100
mg/L) A = 364 nm)
Mang | Lingdonghoi | Chét Mang day DPén UVA 91 100 [71
TiO2- héahoc co sy | nhudm ~ 7 um) (thong lugng =
Sn0O; hd tro cua hé | Resazuri 3,67.10%
keo n photons/(cm?.s)
Tam TiO2 | Hai budc: xit | Rhodam 0,05 50 Peén Xenon (500 60 100 [8]
trén dng ly axit éng ine B W, X <420 nm)
SnO2 nano polymer (10
va thily nhiét | mg/L)
TNTs/Sn | Quaétrinhtiép | MB (3,2 Dén Xenon 180 90 [12]
O2-Pb xuc va kich mg/L)
hoat hat SnO»-
Pd Ién TNTs
SnO2/TN Hai buéc: MB (16 0,05 100 30w 20 56,9 [4]
Ts Thuy nhiét + mg/L)
dung nhiét
Hatnano | Thiy nhiét | MB (20 0,01 60 Dén gia phd 180 ~70 Nghién
SnO2/TN médt budc mg/L) mat troi ciru nay
Ts (Philips 120 W)
KET LUAN

Vit lidu t6 hop SnO2/TNTs da dugc tdng hop
thanh cong biang phuong phap thuy nhiét mot
budc. Két qua cho thiy cac hat nano SnO; véi
kich thuéc trung binh 1-3 nm phan bé rai rac trén
TNTs & nong do tién chat SnO, 12 5 % va xuat
hién nhiéu hon, tham chi 1a day dic khi nong do
tang 1én 15 %. Cac 6ng nano nay c6 duong kinh

trung binh tir 10 &én 12 nm va dai ¢& vai pm. Vat
liu SNO2/TNTSs cho thdy kha ning quang xtc tac
vuot troi so véi hat nano SnO; thuan dudi didu
kién anh sang mat troi. Két qua khao sat kha
ning quang xuc tac trén dung dich MB cho thiy
hiéu sut quang xuc tac ctia mau véi ham lwong
2 % SnO2/TNTs hon 70 %.
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Synthesis and survey of the photocatalytic
activity of SnO./T10, nanotubes material

under visible light
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ABSTRACT

In this paper, SnO; nano particles were
loaded on TiO. nanotubes (SnO2/TNTS) by one-
step hydrothermal method with the purpose to
enhance the photocatalytic ability of TiO;
nanotubes (TNTs). Structure and morphology of
the material were characterized by X-ray
diffraction measurement (XRD) and transmission
electron microscopy (TEM). SnO, nano particles
onto TNTSs prevent the recombination of electron-
hole pairs at the interface area. This contribution
increased the photocatalytic efficiency of the

material. The effect of SnO, contents on the
photocatalytic activities of the composite
materials was also investigated with methylene
blue that is chosen as the pollutant in industry.
The results showed that SnO2/TNTs composite
materials had been successfully synthesized by
one-step hydrothermal method and SnO2/TNTs
composite material with 2 % SnO; content
loading possesses the highest photocatalytic
efficiency with 70 % after 180 minutes
illuminated under sunlight.

Key words: TiOz nano tubes, SnO,/TiO,, photocatalysis, composite material, sunlight
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