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SnO2 nanoparticles have been synthesized using precipitation method and
heat treatment. Firstly, SnCls.5H.O was reacted with NaOH solution, and than
the precipitate heat treated at 350 °C, 450 °C and 550 °C. The obtained
materials were characterized by X-Ray diffraction (XRD) infrared spectra (IR)
energy-dispersive X-ray spectroscopy (EDS) scanning electron microscopy
(SEM) and UV-vis diffuse reflectance spectroscopy (UV-vis DRS). The
photocatalytic degradation of rhodamine B (RhB) using SnOz nanoparticles
was investigated. The results show that the SnO2 nanoparticles exhibited a
significantly enhanced photocatalytic activity. The photoactivity of SnO:
nanoparticles photocatalysts can be ascribed to the enhanced electron-hole

separation.

Gidi thiéu chung

TU lau, SnO2 dudc biét dén la vat liéu co nhiéu Ung
dung trong linh vuc quang hoc. Dua vao cac dac tinh
vugot tréi clia chiing nhu hédp thu quang phé anh sang
mat trai t6t, nha dién trd 6n dinh ma mang mong
SnO2 d& dugc chiing minh la oxide dan dién trong
sudt (TCO) dung lam man hinh ki thuat s6, diot phat
sang (LEDs)...[1].

Clng do co tinh chat hoa ly tuyét vai, SnO2 con dugc
Ung dung trong nhiéu finh vuc khac, dac biét trong
cam bién khi [2] va xUc tac quang [3]. Gan day, céc
nganh cong nghiép dét may da thai ra mdi trudng
nudc mot lugng 16n chat thai nhudm, la chat doc va
khéng thé phan hay [4]. Cac ki thudt truyén théng tu
lau dugc st dung dé xu ly thuSc nhudém trong nudc
thai, nhung thudng kém hiéu qud, chi phi cao va

khong phan hly triét @€ chat & nhiém hodc co thé gay
6 nhiém thtt cdp [5]. Gan day, viéc phan hly thudc
nhuém trong nudc thai bang xdc tac quang st dung
cac vat liu ban dan da dugc ching minh la mét
phuong phap rat hiéu qua, dan dén qué trinh khoang
héa hoan toan cac chat & nhiém [6]. Nhidu chat ban
dan oxide, chdng han nhu TiO2, ZnO, va Sn0O: [7, 8, 9]
dé dugc nghién clu réng réi do chdng c6 hoat tinh
quang xuc tac tét. Trong do, SnOz la vat liéu ban dan
la mot oxide loai n rat tiém nang, tuy c6 dé réng vung
cdm réng (3,6 — 3,9 eV) [10, 11],.

Trong cong bd nay, nhém nghién cliu s& t6ng hop
SnO; kich thudc nano bang phuong phép két tla két
hop phuong phép nung & pha rén. Hoat tinh xtc tac
quang clia SnOz dugc danh gia bang phan Uing phén
hdy RhB dudi su chiéu xa clia &nh séng mat trai.
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Thuc nghiém va phuong phap nghién cdu

Héa chdt

Céc hoa chat st dung trong nghién cltu bao géom:
SnCls.5H20 (= 99,8%) C3HeNe (melamine) CogH31CIN2O3
(rhodamine B) dugc mua tu hang Sigma Aldrich (Buc)
va CHsOH (= 99,9%) tu Samchun (South Korea)
NH4OH (> 96,6%) tU Viét Nam. Tat cd cic hda chéat
déu thudc loai ¢ doé tinh khiét cao.

Phuong phdp téng hop vat liéu

Hoa tan hoan toan 3 gam SnCls.5H20 vao 50 mL nudc
(dung dich A). Cho tu tU tung giot dung dich NaOH
dén du vao dung dich A (khudy lién tuc trén maéy
khudy t). Pem xUr ly nhiét & 80 °C trong 24 gid. Loc
ldy két tua trang, rdfa nhiéu ladn bang nudc cat va
ethanol dén mai trudng trung tinh. Tiép tuc dem nung
két tla thu dugc & cac nhiét do khac nhau 350, 450 va
550 °C trong thdi gian 4 gid, chat ran mau trang thu
dugc ki hiéu SO-T (T = 350, 450 va 550 tudng Ung
theo nhiét dé nung).

Phuong phdp ddc trung

Nhiéu xa tia X (XRD) ctia cac mau dudc do trén may
Brucker D8 Advance, 6ng phat tia X bang Cu c6 budc
song A = 1,540 A, dién ap 30kV, cudng dé dong 6ng
phéat 0,01A. Phé héng ngoai (IR) clia mau vat liéu ducc
ghi trén may IRAffinity-1S (Shimadzu). Phé tan xa nang
lugng tia X (EDS) va anh hién vi dién tir quét (SEM)
dugc do trén méy Nova Nano SEM 450. Phé UV-vis
DRS dugc do trén may GBC Instrument—2885 budc
séng tr 200 dén 800 nm. Nong dé dung dich RhB
dugc xac dinh bang phuong phap do quang trén may
UV-vis Jenway 6800.

Khdo sdt hoat tinh xtc tdc quang

Can bang hap phu - gidi hdp phu clia cac vat liéu dugc
xac dinh trong bong téi trude khi dem dung dich RhB
chiéu séng bdi anh sang mat trdi (quang xuc tac).
Nong dé dung dich RhB trong qué trinh hap phu - giai
hdp phu, quang xtc tac & cac thai diém khac nhau
dugc xac dinh dua vao dudng chudn dugc thiét lap bdi
m&i quan hé gilta d6 hédp thu theo ndng do, trén méay
UV-vis Jenway 6800, tai budc song 554 nm. Hiéu suét
phan hiy RhB clia céc vat liéu dugc xac dinh theo
cong thuc:

H:%AOO%

0
trong do, Co la ndng do dau cla RhB tai thai diém dat
can bang hap phu - gidi hdp phu va C la nébng db RhB
tai tng thai diém chiéu sang.
K&t qua va thao luan

bdic trung vt liéu
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Hinh 1: Gian dd XRD (a) Phé IR (b) clia cAc mau vat liéu
SO-350, SO-450 va SO-550

Thanh phan pha cla cac mau SO-350, SO-450 va SO-
550 dugc dic trung bdi nhiéu xa tia X (Hinh 1a). Két
qué cho thay, cac mau SO-T hinh thanh SnO, c6 cu
trac kiéu rutile theo thé chudn JCPDS 41-1445 [12] vdi
cac mat nhiéu xa (110) (101) va (211) c6 cudng dbd peak
manh tai 20 = 26,79; 34,31 va 51,78° tuong Ung [1, 13,
14]. Cac mat nhiéu xa khac clia SnO2 nhu (200) (220)
(002) (310) (211 va (301) tai 26 = 37,95; 54,78; 57,771;
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61,84; 64,62 va 66,10° tuong Ung cling xudt hién vdi
cudng do peak yéu hon [13, 14]. Mat khac, trén gidn do
nhiéu xa tia X clia cac mau SO-T khong thdy xuat hién
pha cla tinh thé nao khac ngoai SnOz, diéu nay ching
td mau tao thanh 1a kha tinh khiét. Tuy nhién, so vdi
cac mau SO-350 va SO-450, mau SO-550 c6 cudng
dd nhiéu xa manh nhét.

TU gié tri d6 réng nlfa peak (FWHM) ghi trén gidn doé
XRD clia cac mau SO-T Ung vsi mat nhiéu xa dic
trung (101) kich thudc trung binh cla tinh thé SnO:
duagc xac dinh bang phuong trinh Debye — Scherrer:

_ 0,892
.cosO

Vi A = 0,154 nm; B la nlta chiéu réng t6i da (FWHM)
cla peak, B = (FWHM).1t/180. Két qua tinh dugc kich
thudc tinh thé clia cac mau vat liéu SO-T khoang 30 —
40 nm.

Phé héng ngoai clia cac mau vat lieu dugc trinh bay &
Hinh 1b. Ca ba mau déu c6 mét dai hdp thu rong & s6
song khoang 3300-3500 cm™ va 1632 cm™ 1a dao
déng hoa tri cla lién két O-H cla cac phan tir H20
hép phu trén bé mat cac hat vat liéu [13, 15, 16]. Vung
c6 s6 song thap 6 635 cm™ va 553 cm™ 13 dao doéng
dac trung cla lién két Sn-O-Sn phéan déi xing va doi
xUng trong SnOz [16, 17]. Tuy nhién, d&i véi cac mau
SO-350, SO-450, viing ¢6 s6 séng tir 1521 — 1261 cm™
con xudt hién cac dao déng kha manh dugc cho la cla
lien két Sn-OH [16]. Két qua nay hoan toan phu hop
vdi két qua phan tich XRD.

Dua trén két qua thi nghiém, su hinh thanh cac hat
nano SnO: vé ban chat cé thé dugc dé xuat nhu sau
[18, 19]:

Sn** + 4H0 = Sn(OH)4 + 4H* ©)
SN(OH)4 + 20H™ - Sn(OH)s*~ @)
Sn(OH)e*™ + xH0— SnO2.xH0 + 20H™ + 2H20 (3)

Khi SnCl4.5H20 hoa tan trong nudc, Sn(OH)4 thu ducc
la do qua trinh thdy phan nhanh cac cation Sn** (1). Khi
thém dung dich NaOH, két tia Sn(OH)4 ludng tinh
ngay lap tuc phan tng véi OH™ néng doé cao dé tao ra
ion phiic SN(OH)s>™ hoa tan (2). Trong qué trinh X Iy
nhiét, phic Sn(OH)s>™ bi phan hiy va hinh thanh SnO2
vo dinh hinh (3) [20]. Tiép tuc nung két tla & cac nhiét
dod 350, 450 va 550 °C, céc hat SnO2 nano co cau tric
duagc hinh thanh.

Hoat tinh xUc tac quang clia cac mau vat liéu SO-T
cling dugc khao sat sg bd bang phan ting phan huy
RhB dudi su chiéu xa cla anh sdng mat trai c6 dung

kinh loc tia UV. Hiéu suét phan huy RhB dugc sép xép
theo thd tu: SO-550 > SO-450 > SO-350.

T d&c trung XRD va IR cho thdy, mau SO-550 hinh
thanh SnOz t6t nhat, SnOz tao thanh dat kich thudc
nano. Han nia, két qua khao sat hoat tinh quang xtc
thc cia mau vat liéu SO-550 cling 1a manh nhat. Vi
vay, mau SnOz tao thanh & diéu kién nay dugc chon
dé khao sat cac dac trung tiép theo.

Thanh phan nguyén t& clia mau vat liéu SnO> dudc xac
dinh bdi phd tan xa nang lugng tia X (EDS) két qua
dugc trinh bay & Hinh 2. TU hinh nay cho thay, su hién
dién clia cac nguyén t6 Sn, O hién thi & cac peak Ung
vdi cac muic nang lugng kich thich tuong Ung. Ngoai
ra, khong thdy peak cla nguyén t& khac trong phé
nay. Thanh phan khéi lugng cac nguyén t8 trong mau
SnO:2 cling dugc xac dinh va dudc trinh bay & Hinh 2.
Theo dé, t6ng khéi luong hai nguyén t& Sn va O Ia
100% ma khong co bat ky nguyén té nao khac. Biéu
nay chiing to, mau SnO: hinh thanh c6 dé tinh khiét
khé cao. K&t qua nay hoan toan phu hgp vdi két qua
phan tich XRD va IR.

Sn

as Nguyén td %khdi lwong %nguyén tir

Sn 75,41 31,93

360 0 24 .59 68,07
Tong 100

0 12 24 36 43 60 72 84 96 108 12

Hinh 2: Phé tan xa nang lugng tia X ctia vét liéu SnO>

300nm

IMS-NKL 5.0kV 5.0mm x150k SE(M)

Hinh 3: Anh SEM clia mau vat liéu SnO:

Hinh thai cla mau vat liéu SnO: tiép tuc dugc dac
trung bang kinh hién vi dién t& quét (SEM) két qua
dugc trinh bay & Hinh 3. Anh SEM hién thi sy hinh
thanh céc hat SnO:> kich thudc nano. SnO:z la céc hat

https://doi.org/10.51316/jca.2022.003
19


http://doi.org/10.51316/jca.2021.003

Vietnam Journal of Catalysis and Adsorption, 11— issue 1(2022) 17-21

hinh cau ¢ kich thudce tir khodng 30-50 nm (tinh theo
thang do). Cac hat sép x€p theo mot trat tu nhét dinh
va c6 dé phan tan tét. Hinh dang da kich thudc tao
nén nhiéu 16 x8p phan bd kha déng déu trén bé mat
vat liéu. Bac diém nay lam cho dién tich riéng clia bé
mat mau vat liéu SnO2 t8ng hap dugc la kha Ién.

Ph& UV-Vis trang thai ran cla vat liéu SnO, dugc trinh
bay & Hinh 4. B& hdp thu anh sang clia mau vat liéu
SnOz ndm hoan toan trong vung t& ngoai (A < 390
nm). Trén cG s& cla phuong phap nay, néng lugng
vling cdm clia mau vat lieu SnOz dugc xac dinh dua
vao do thi biéu dién sy phu thudc ham Kubelka —
Munk theo nang lugng anh sang hép thu (Hinh nhd).
Gia tri nang lugng ving cdm cla mau vat liéu SnO;
dudc xac dinh khoang 3,70 eV. Két qua nay kha phu
hop vdi cong trinh d& cong bd vé gié tri ndng luong
ving cadm cla vat liéu SnO; [10, 11].
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Hinh 4: Ph& UV-Vis DRS va nang lugng ving cdm clia
mau vat liéu SnO;

Tom lai, tat cd cac dac trung trén chi ra rang vat liéu
SnO> dugc t6ng hop thanh cong & nhiét d6 550 °C.
Thanh phan pha, kich thudc hat, dac diém lién két,
vung hép thy anh sédng va nang lugng ving cadm cla
SnO2 t8ng hap da dugc khao sat mot cach chi tiét.

Bdnh gid hoat tinh xdc tdc quang

Hoat tinh xuc tac quang cla vat liéu SnO> téng hop
dugc danh gia bang su phan hay RhB (30 mg/L) dudi
su chiéu xa cla anh sang mat tréi & cac digu kién thi
nghiém khéc nhau. Thdi gian chiéu sang & cing mot
diém tu 11 gid dén 14 gid trong ngay. Nong dé RhB
dugc xac dinh bang cach do quang tai budc song cuc
dai Amax = 554 nm, két qua dugc trinh bay & Hinh 5.
Sau 180 phut chiéu sang, vat liéu SOz (khdng dung

kinh loc tia UV) phan hly RhB vdi hiéu sudt cao, dat
84,95%. Tuy nhién, v&i SnO:2 (c6 dung kinh loc tia UV)
hiéu sudt rat thap, chi dat 22,15%. Biéu nay ching td,
vat liéu SnO2 thé hién hoat tinh quang xUc tac tét dudi
chiéu xa tia UV va kém dudi vung anh séng kha kién
clia quang phd anh sang mat trdi.
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Diéu kién thi nghiém
Hinh 5: PhG UV-vis (a) va hiéu sudt (b) phan hay RhB

bai vat liéu SnO2 dudi su chiéu xa cla anh sang mat
trdi sau 180 phut & cac diéu kién thi nghiém khac nhau

Qué trinh phan hdy manh RhB bdi vat liéu SnO2 dudi
tia UV cla anh séng mat trai dugc gidi thich: Khi SnO:
hép thu anh sang vdi nang lugng I6n hon nang lugng
viing cdm Eg, cac 16 tréng (h*) & vung hda tri va dién
t (e) & ving dan dugc hinh thanh theo quéa trinh
phan tach electron — 16 tréng quang sinh. Cac 16 tréng
va dién tir phan Ung vdéi nudc bé mat hodc cac phan t
02 dé tao ra géc "OH hoac "0, tuong Ung. Cac géc tu
do nay tiép tuc phan hdy chat & nhiém hitu ¢ (RhB)
[21]:

SnO2 + E(>Eg) = SnOz2ece + SnO2h*vs
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h*tve + HDO —» "OH + H

e + 02 - 'O,

O, o+ RhB - CO2 + H20O

‘OH + RhB - CO, + HO

Két luan

Nhu vay, trong nghién clu nay vat liéu SnO2 dang hat
co kich thudc nano da dugc téng hop thanh cong. San
phdm dugc dac trung bang cac phuang phap XRD, IR,
SEM, EDS. Tinh chat quang cla vat liéu dugc xac dinh
bang ph& UV-vis DRS. Vat liéu nano SnO; thé hién
hoat tinh xUc tac quang t&t dudi sy chiéu xa cla anh
sang mat trai qua phan phan hay RhB. Tinh chat nay
gay ra bdi cac tac nhan "O, va "OH khi vat liéu SnO:

nano hap thu manh anh séng tir ngoai clia quang phé
anh sang mat trdgi.

L& cdm on

Céc tac gid chan thanh cdm on dé tai cép BO mé s
B2021-DQN-05 da tai trg moét phan kinh phi cho viéc
thuc hién bai béo nay.
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