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The pure SrTiO3 nanoparticles were synthesized by sol-gel method and
Ag20 loaded SrTiOs (Ag20/SrTiOs) was prepared by precipitation
method. The obtained samples were characterized with powder X-ray
diffraction (XRD), transmission electron microscope (TEM) and UV-
visible diffuse reflection spectrum (DRS). The effect of Ag20 loading on
the photocatalytic activity of Ag20/SrTiOs nanoparticles for the
degradation of methyl orange (MO) as amodel pollutant under visible
light irradiation was studied. Compared with pure SrTiOs nanoparticles,
the Ag20/SrTiOs3 nanoparticle displayed higher photocatalytic activity for
the degradation of methyl orange and the 5 % Ag20/SrTiOs
photocatalyst exhibited the highest photocatalytic activity.

Gidi thiéu chung

Hién nay, trén thé gidi cling nhu & Viét nam, cac nha
khoa hoc dang nd Iuc nghién cu dé tim ra chat ban
dan quang xUc tac co hiéu suét cao dé Ung dung xr ly
cac chat hitu cg doc hai co trong mdi trudng nudc
thai. Gan day cac hdp chét co cdu tric perovskite, dac
biét la hgp chat ABOs (A = Sr, Ba, Pb, Cava B =Ti, Zr)
dd dugc quan tadm nghién cdu réng rai do céac
Ung dung cta ching trong ki thuét va dai séng bao
goém ca finh vuc quang xdc tac [1,2,3]. Trong ho vét liéu
ABO;3, vat liéu strontium titanate SrTiOs dugc nghién
cliu nhiéu hon ca do c6 kha ndng quang xdc tac, bén
héa hoc va én dinh nén dugc xem 1a vat liéu c6 nhiéu
trién vong ap dung trong thuc t€ nhét la déi véi Iinh
vUC quang xUc tac [4-6]. Dac biét, déi vdi ho vat liéu
ABQ;3, su thay thé cac nguyén t& khéc vao céc vi tri cla

A hoac B hoac thay thé ddng thai cung IUc hai vi tri tao
ra rat nhiéu su thay déi tinh chat. Tuy nhién, cling
tuong tu trudng hap TiOz, SrTiOs c6 do rong vung
cdm tuong déi 16n vao khoang 3,1-3,7 eV tly thudc
vao phuang phép diéu ché nén chi cé hoat tinh quang
xUc t&c manh trong vung anh séng t& ngoai (200-400
nm) chiém 5% nang luong anh sang mat trai [7,8].
Diéu nay lam han ché kha nang Ung dung trong thuc
tién v&i muc dich s& dung ngudn anh sang mat troi
cla vat liéu SrTiOs. BE nang cao hiéu sudt quang xuc
tac cla SrTiOs trong vung anh sang kha kién, nhiéu tac
gia da thuc hién cac bién phap nhu pha tap SrTiOs véi
cac nguyén t6 kim loai quy hiém nhu Mn, Ru, Cr, Rh,
Ru, Ir, Au va Pt [9-12] hodc cac phi kim [13]. Chung t6i
clng da thuc hién mdt nghién cdu pha tap Cu va
SrTiOs cho Ung dung quang xUc tac phan hly nudc
diéu ché Hz va da thu dugc két qué khad quan vdi loai
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vat lieu nay [14]. Mot céch tiép can hiéu qud khac la
ché tao hgp chdt compozit cla SrTiO3 véi chat ban
dan co Eg nhé hon dé tang kha nang hap thu anh sang
vung kha kién. Gan day, Chunbo Liu va cac cbng su
(2015) da thuc hién ché tao Cu20/SrTiOs va nghién clu
tinh chéat dién hda va quang xuc tac cla hé [15]. Diwen
Zhou va cac cong sy (2021) da thuc hién nghién cdu
tdng cudng hoat tinh clia SrTiOs bang CuS cho phan
Ung quang xuc tac phan hiy nudc ché tao Hz [16]. Cac
két qua nghién ctu ché tao vat liéu dang compozit cla
SrTiOs3 cho théy loai vat liéu nay cé hoat tinh quang
xUc tac tét.

Ag20 1 mét oxit ban dan, c6 nang lugng ving cam
nhd (1,2 eV) la mét chét pht hop véi muc dich nay.
Yongfei Cui va cac cong sy (2020) d& téng hop
Ag20/SrTiOs va nghién clu hoat tinh phan hay
Rhodamin B cua vat liéu [17]. Trudc day, chung toi
cling da thanh cong trong viéc ché tao Ag20/TiO2 va
nghién clu hoat tinh cla hé trong vung &nh sang tu
ngoai® Tuy nhién, & Viét Nam, cac nghién clu vé
Ag20/SrTiOs va hoat tinh clia nd trong vung anh sang
kha kién chua nhiéu. Trong nghién clu nay, ching toi
diéu ché hén hap Ag20/SrTiO: bang phuong phép
tdm uét va xir ly nhiét don gian. Su anh hudng cla
Ag20 dén hoat tinh quang xtc tac phan hiy metyl da
cam (MO) cuia hat nano SrTiO3 sé dugc nghién clu va
thdo ludn mét cach hé théng.

Thuc nghiém va phuang phap nghién cdu
Héa chdt

Céc hoa chét chinh st dung trong céc thi nghiém diéu
ché mau thudc loai tinh khiét (PA): Tetra
butylorthotitanat (TBOT), Ti(OCsHo)a) Merck; Sr(NOs3)2
Trung Quéc; AgNOs Trung Qudc; Axit citic (CeHgOy7)
Trung Quéc.

Ché tao vdt lidu SrTiOs

Lay 3,4 ml TBOT cho vao cdc¢ thay tinh ¢é chira 20 ml
CoHsOH ta thu duge hdn hap A. Khudy déu hdn hop A
bang méy khudy tu. Ldy 1 cSc thay tinh 100 ml khac,
thém vao do Ian lugt 10 ml dung dich Sr(NO3)2 1M va
10 ml dung dich axit citic IM dugc hdn hop B. St dung
dung dich NHz dé diéu chinh pH ctia dung dich bang
8. Cho ting giot hdn hop B vao A, thém tiép vao hon
hop khoang 20 ml nudc cat. Hon hop dugc khudy
manh trén may khudy tU trong thdi gian 60 min & nhiét
dé phong thu dugc sol mau trang. Sol dugc sdy kho &
80 °C trong 4 h thu dugc gel mau. Nung gel trong

chén s & cac nhiét do 500 °C trong khodng thdi gian
4 h thu dugc sén pham SrTiOs (ki hiéu STO).

Ché tao vat liéu x% Ag>0/SrTiOs3

Can 0,75 gam SrTiO3 cho vao c6c thly tinh, thém 75
ml nudc cat va khudy déu trén may khudy tu. Tiép
theo, thém tung giot lugng thich hgp dung dich
AgNOs 0,01 M vao hon hap trén va tiép tuc khudy déu
trén may khudy tU & nhiét d6 phong trong khoang 30
phit & nhiét do phong thu dugc hdn hop dung dich
mau xam. Sau do, thém tU tU mot luong du dung dich
NaOH 1 M vao hdn hgp trén dé két tua hét ion Ag™.
Cudi cung loc va rua ki két tia bang nudc cat dén pH
= 7 r0i séy khd & 80 °C. Thu dugc mau vat liéu SrTiOs
bién tinh Ag20 dudc ki hiéu x% Ag-0/SrTiOs (x la phan
tram khoi lugng Ag20).

Cdc ky thudt khdo sat ddc trung cdu tric

Gidn do nhiéu xa tia X (XRD) cua vat liéu dugc ghi lai
trong dai 26 = 20-70° bang may D8 Advance — Bruker
(Buo), st dung su phat xa Cu Koo (A = 0,154056 nm) &
40 kV va 40 mA 1a ngudn phéat xa tia X. PhS tan sac
nang lugng tia X (EDX) dugc ghi trén thiét bi JEOL
JSM-2300 (Nhat Ban). Anh hién vi dién tr truyén qua
cla vat liéu dugc quan sat bang thiét bj JEM-2100
(Nhat Ban). Phd phan xa khuéch tan UV-Vis cla cac
mau nghién clu dugc ghi trén may U-4100 Hitachi
(Nhat Ban).

Phdn (ng quang xtc tdc phdn hiy MO

Can 100 mg vat liéu cho vao 100 mL dung dich metyl
da cam (MO, ndng doé 10 mg/l, pH = 7). Hon hop ducc
khudy trong béng téi 30 phut vdi téc dd khong déi
bang may khudy tU dé qué trinh hdp phu dat can
bang. Sau do, hén hop dugc chiéu sang bang den
halogen 500 W (Philips). Sau nhitng khoang thdi gian
chiéu sang, khoang 5 ml mau dugc 1y ra roi ly tam dé
tach xtc tac, ndng dé cla dung dich MO sau nhiing
khoang thai gian chiéu séng (tuong Ung vdi gia tri mat
do6 quang Ay dugc xac dinh bang méy quang phé UV-
1700 Shimadzu (Nh&t Ban). Hiéu sudt quang xdc tac
dugc tinh theo cong thic

oo AoA
H(%) = =~ x 100
0

trong do, Ao va A la do hédp thu quang clia MO (Amax =
464 nm) tai thai diém can bang hdp phu va tai thoi
diém sau chiéu sang t phut, tuong Ung.

K&t qua va thao luan
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Két qud phan tich ddc trung cdu tric va hinh thdi bé
mdt cla vt liéu

Gian do nhiéu xa tia X clia cac mau vat liéu dudgc trinh
bay & hinh 1 cho thdy, mau SrTiOs pha tap Ag.O déu
co cu tric pha tuong ty véi mau SrTiOs. Ngudn di
liéu chudn cla cac vat liéu (thé chudn JCPDS s8 35-
0734) cho biét tinh thé 1ap phuang SrTiO3 cé cac dinh
nhiéu xa dic trung tai cac goc 20 = 32,42°, 39,98,
46,48°, 57,79°, 67,80° va 77,17° tuong Ung vdi mat tinh
thé (110), (1), (200), (211), (220) va (310).

VwJ\“JWﬁNWNAAAMNﬂﬂﬁmmNwnuvv\:fiCEiZfI?
3% Ag,0/STO
1% Ag,0/STO
0,5% Ag,0/STO

STO

20 3 40 50 60 70 80
26 (do)

Hinh 1: Gian dd nhiéu xa tia X cla cac vat liéu SrTiOs va
x% Ag20/SrTiOs

D liéu trén gian do nhiéu xa hinh 1 cho thdy cac san
phdm nghién clu déu cé xudt hién cac dinh nhiéu xa
tai cac goc 26 dac trung clia SrTiOs, diéu nay chiing té
cac san phdm diéu ché dugc cd thanh phan va cau
trdc cha SrTiOs3. Két qua phan tich con cho théy, gian
dd XRD ctia mau x% Ag20/SrTiOs khdng xuét hién cac
dinh nhiéu xa dac trung clia Ag:O diéu nay cé thé do
ham lugng cla Ag20 bién tinh kh& nho, chua du cho
may phéat hién, mac du két qua phan tich phé tan sac
nang lugng tia X (EDX) x&c nhéan sy ton tai cla thanh
phan Ag trong mau nghién ctu. Nhu véy, viéc tao hap
chét composite Ag20/SrTiOs khong lam thay déi cdu
trdc mang tinh thé cla SrTiOs, ndi cach khac thanh
phén cac nguyén t6 bac thém vao khong xam nhép
vao céu tric mang tinh thé cta SrTiOs.

Cac anh TEM & hinh 2 cho thédy cac hat nano SrTiOs3
thu dugc déu cd dang hinh cadu va kich thudc khé
dong déu khodng 30nm. Anh TEM cla 5%
Ag20/SrTiOs thdy cd xuét hién cac hat rdt nhd pht
dong déu cac hat I16n hon. Ching téi cho rang, cac hat
rat nhd doé chinh cac nano Ag.O dudc tao thanh trong
qué trinh ché tao mau. Phd tan séc nang lugng tia X
clia mau 5% Ag20/SrTiOs (hinh 3) cho biét sy ton tai
cta Sr, Ti, O va lugng nhd Ag trong vat liéu nghién
cu.

PhS phan xa khuéch tan cia SrTiOs va cac mau
Ag20/SrTiOz & hinh 4 thdy, cac mau SrTiOs ¢ bd hdp
thu manh tai 433 nm tucong Ung vd&i mic nang lugng
ving cdm  Eq 2,86 eV. Tuy nhién, cac mau
Ag20/SrTiOs thé hién khd nang hép thu manh anh
sang trong vung budc song dai.

B oarer
Hinh 2: Anh TEM clia SrTiOs (a) va 5% Ag20/SrTiOs (b)

1 2 3 5 7 8
Ul Soale B55 o Cursor: 13,300 ke (0 ofs) ket

Hinh 3: Ph& EDX clia mau 5% Ag.0/SrTiOs

K&t qua hinh 4 cho thdy khi ham lugng Ag.O trong
mau sy hdp thu anh sang kha kién cla cac mau
Ag20O/SrTiOs tang. Tu hinh 4 nhan thay dudng kéo dai
b hédp thy ctia mau 5 % Ag20/SrTiOs cét truc hoanh
khodng 580 nm tuong Ung vdi Eg = 2,13 eV. Két qua
nay cho théy, cac mau Ag20/SrTiOs c6 kha nang hap
thu anh sang kha kién (400-800 nm) cao haon nhiéu so
VvGi SrTiO:s.

1.04

0.8

0.6 @

(©)
(b)
(@

Abs.

0.4 1

0.2 1

0.0+

260 360 460\ 5(I)O 660 760 8(I)O
Budc song (nm)
Hinh 4: PhS phan xa khuéch tan UV-Vis (DRS) cua
SrTiOs va 0,5% Ag20/SrTiOs (a), 1% Ag20/SrTiOs (b),
3% Ag20/SrTiOs (c), 5% Ag20/SrTiOs (d)
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Anh hudng ctia ham lugng Ag-0 dén hoat tinh quang
xuc tdc cta Ag20/SrTiOs

DE danh gid sy anh hudng cla Ag2O dén hoat tinh
quang xuc tac cla hat nano Ag20O/SrTiOs, chung toi da
tién hanh thi nghiém quang xuc tac phan hly hgp chét
MO bang cac mau trong diéu kién thi nghiém nhu
nhau. Két qua thuc nghiém & hinh 5 va két qué tinh
hiéu sudt bang 1 cho thdy, cac mau cd Ag.0 déu co
hiéu sudt quang xuc tac phan hiy MO cao hon so vdi
SrTiOs tinh khiét, mau 5 % Ag20/SrTiOs cé hoat tinh
quang xUc tac phéan hdy phéan hay MO cao nhét. Sau
60 phdt chiéu séng, hiéu suét phan hiy MO dat 36 %,
trong khi dé hiéu sudt quang xuic tac phan hay MO
clia SrTiOs tinh khiét 1a 13 %.

0.8
MO
0.6 sTO
0,5% Ag,0/STO
1% Ag,0/STO
3% Ag,0/STO
G 0.4
3 \\| 5% Ag,0/sTO
< \ 2
0.2+
0.0

260 360 3%0 460 4%0 560 SéO 660 650
Budc séng (nm)

Hinh 5: Su thay déi phé hédp thu phan ti ciia dung
dich MO xUt ly bang cac vat liéu x% Ag0/SrTiOs sau
60 phut chiéu sang

Bang 1: Hiéu suét quang xuc tac (H) phan hay MO cla
x% Ag20/SrTiOs (x = 0,05, 1, 3, 5)

X 0 05% | 1% 3% 5%

H%) |13 20 25 30 36

Ag20 - nai dién ra cac phan Ung oxi héa khu, két qua
la lam gidm sy téi t8 hgp nhanh clia dién ti va 16 tréng
mang dién duang (h*) tao diéu kién cho qué trinh san
sinh ra dién tir cla hat SrTiOs dudi &nh sang kich thich
tiép tuc dién ra, do do lam tang hiéu sudt lugng tir clia
hat SrTiOs.

Hogt tinh quang xdc tdc phdn hidy RhB theo thdi gian
cua vt lieu 5% Ag=0/SrTiO3

Hinh 6 va bang 2 cho biét hiéu sudt quang xuic tac
phan hly MO cla vat liéu 5% Ag20/SrTiOsqua cac
maéc thdi thai gian la khéc nhau. Sau 180 phut chiéu
sang, hiéu suét phan hay MO cla 5% Ag20/SrTiOs dat
65%. Két qud nghién clu cho thdy, vat liéu 5%
Ag20/SrTiOs ma ching ti diéu ché 1a bén, 6n dinh cé
hoat tinh cao cho Ung dung xt Iy 6 nhiém moi trudng.

0.8 1

0.6 1

0.4 1

Abs.

0.2 +

0.0 T T T T T T T
250 300 350 400 450 500 550 600 650

Budc séng (nm)

Hinh 6: Phé hép thu phan t& dung dich RhB sau xU Iy &
nhitng khoadng thai gian khac nhau bang vét liéu 5%
Ag20/SrTiO3

Bang 2: Hiéu suét quang xuc tac (H) clia mau

5% Ag20/SrTiOs

Hoat tinh quang xuc tac ciia Ag20/SrTiO3 cao han so
vdi SrTiOs dudc gidi thich nhu sau: Thir nhat, nhu két
qua khao sat phé phan xa khuéch tan DRS (hinh 4), cac
mau Ag0/SrTiOs co kha nang hap thu anh sang kha
ki€n manh hon so vdi SrTiOs do ¢ néng lugng viing
c&m nho hon nén c6 hoat tinh I1én han. Khi ham lugng
Ag20 trong mau cang I6n thi kha nang hép thu anh
sang cla Ag.O/SrTiOs cang 16n do d6, mau 5 %
Ag20/SrTiO3 ¢b hiéu sudt quang xUc tac cao nhat. Thur
hai, Ag20 1a mét oxit ban dan, co6 nang luong ving
cam la 1,2 eV nhd hon SrTiOs (2,86 eV, theo két qua
thuc nghiém nhu & hinh 4). Do d6, cac hat mang dién
(", h") t&r SrTiOs sau khi hinh thanh dugc chuyén dén

T (phat) | 30 60 90 120 150 | 180

H (%) 24 34 46 52 58 65

Két luén

D3 diéu ché thanh cong SrTiOs bang phuong phép
sol-gen, vat liéu nano Ag:0/SrTiOs dugc diéu ché
bang phuong phap tdm udt theo sau la xr ly bang
nhiét. Viéc tao hdn hop Ag.0/SrTiOs khéng 1am bién
d6i cdu trdc mang tinh thé cta SrTiOs nhung lam hé
c6 khd nang hap thu anh sang vung kha kién manh
han so vdi SrTiOs tinh khiét. Pha tap mét lugng thich
hop Ag0 vao SrTiOs sé& lam tang cudng dang ké hoat
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tinh quang xuc tac cla hat SrTiOs. Két qué nghién ctu
gép 3 lan so vdi SrTiOs tinh khiét cho thady day la loai
vat liéu co trién Ung dung trong thuc té.
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