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Heterostructured ZnO/BaTiO3 composites were successfully prepared with
varying contents of BaTiO3 via a mixed solvent-thermal method. The samples
are denoted as ZBTO-xyy, where x:y is weight ratio of ZnO va BaTiO3 (xy =1:2,
1:3 va 1:5) in the reaction mixtures. The obtained materials were characterized
by X-Ray diffraction (XRD), infrared spectra (IR), energy-dispersive X-ray
spectroscopy (EDS), scanning electron microscopy (SEM). The photocatalytic
activity of ZBTO-x:y samples was assessed by degradation of methylene blue
in aqueous solution under sunlight. Among them, ZBTO-1:3 displayed the best
photocatalytic activity. The enhancement in photocatalytic activity for the
ZBTO-1:3 was observed, which can be attributed to the presence of BaTiO3 in

the materials.

Gidi thiéu chung

XUc tac quang dugc xem la ki thuat “xanh’, gay dugc
su chd y 16n vé hiéu qua va kha nang Ung dung réng
rai dé loai bd cac hda chat déc hai trong moi trudng
[1-3].

Gan day, cac vat liéu ban dan dugc sir dung lam chat
xUc tac quang la cac oxide kim loai nhu SnO2, TiO2,
Zn0O, W03 [2, 3]. Song song cung vdicac oxide, hé vat
libu c& céu tric perovskite dang ABO3 (vd&i A: Sr, Ba,
Pb, Ca va B: Ti) [4-6] ma dac biét |a BaTiO3 cling dugc
nghién clru kha nhiéu [7, 8].

Zn0O va BaTiO3 dugc biét dén la vat liéu ban thé hé thi
hai sau TiO2. Ching dugc Ung dung nhiéu trong cac

h vuc khédc nhau [9, 10], dac biét la linh vuc xdc tac
quang. ZnO va BaTiO3 dugcdanh gia la nhitng vat liéu
xUc tac quang day tiém nang. Tuy nhién, bén canh viéc
s& hitu nhiting vu diém ndi béat, ching 1a nhitng vat liéu
6 nang lugng vung cdm tuang ddi rong (3,25 eV doi
vaiZnO [11] va 3,2 eV déivai BaTiOs [12], phd hdp thu
anh sang chl yéu nam & ving tir ngoai, co sy tai té
hop nhanh cdp electron — 16 tréng quang sinh trong
qué trinh quang xUc tac. Diéu nay lam han ché kha
nang Ung dung ching vao thuc tién & dang tinh khiét.
DE khdc phuc nhitng nhugc diém nay, da cd nhiéu
cobng trinh dugc cdng bé bang cach lai ghép ZnO véi
BaTiO3 hodc vdi cac chdt ban dan khac nham tao ra
nhifng vat liéu c6 hoat tinh xic tac quang vugt tréi [13,
14].
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Trong cong bd nay, nhdom nghién cdu tién hanh lai
ghép ZnO vd&i BaTiO3 nham tao ra mot loai vat liéu
mdi, c6 hoat tinh xdc tac quang tét, khdc phuc nhirng
nhugc diém cla cac vat liéu don 1é. Day la mét hudng
di mai déy htra hen, dang dudc cac nha khoa hoc vat
liéu rat quan tam.

Thuyc nghiém va phuong phap nghién clu
Héa chat

Cac hda chat dugc st dung trong nghién cu nay déu
dugc mua tir hdng Sigma Aldrich (Buc) bao gém zinc
acetate dihydrate (Zn(CH30CO)2.2H20, > 99,0%),
Titanium (IV) chloride (TiCl4, > 99.9%), barium nitrate
(Ba(NO3)2, = 99,0%), sodium hydroxide (NaOH, >
97,0%), isopropyl alcohol ((CH3)2CHOH, > 99,5%),
methylene blue hydrate (CieH18CIN3SxH20, > 97%),
ethanol (C2HsOH, = 99,9%), 1,4-benzoquinone (BQ, =
99,5%), ammonium oxalate (AO, = 99%), tert-buty!
alcohol (TBA, > 99%), dimethy! sulfoxide (DMSO, >
99,9%). Tat ca cac hda chat déu thudc loai ¢ dé tinh
khiét cao.

Phuang phdp téng hgp vt liéu

T6ng hop ZnO: Cho 5 gam zinc acetate dihydrate vao
c6i nghién dén dé min can thiét, tién hanh nung & 550
°C trong 4 gid. D& ngudi mau ty nhién dén nhiét dé
phong. Chat rédn thu dugc dem rlra sach nhiéu lan
bang ethanol, ti€p tuc dem sdy khd mau & 80 °C trong
12 gi&s. Nghién min mau thu dugcla ZnO.

T6ng hgp BaTiO3: Chudn bi dung dich A: cho mot
luong Ba(NO3)2 hoa tan vao 46,6 mL nudc cat dén khi
dat dung dich bdo hoa, & nhiét d6 phong. Chuén bi
dung dich B: Cho 5,6 mL isopropanol va 2 mL TiCls,
hoa tan trong 39 mL ethanol khan tao thanh dung dich
trong sudt. H6n hap dudgc khudy trong 2 gid. Nho tur
tu dung dich A vao dung dich B, thém 10 mL dung
dich NaOH 10M, tiép tuc khudy trong 1 gig nlfa. Dung
dich thu dugc cho vao autoclave, day kin va dun néng
& nhiét do 200 °C trong 24 gid. Két tha thu dugc dem
ly tam, rifa sach bang nudc cat cho dén khi pH = 7.
Sau do, dem sdy & 80 °C trong 10 gig. Chét bét thu
dugcla BaTiOs.

Téng hgp ZnO/BaTiO3: Composite ZnO/BaTiO3 dudc
diéu ché bang phuong phap thdy nhiét. Hon hgp ZnO
va BaTiO3 dugc trén theo ti 1é khdi lugng ZnO:BaTiO3
la 1:2; 1:3; 1:5. Nghién hén hop dén d6 min can thiét.
Hén hop thu dugc dem phan tan trong 100 mL nuGc

cét, khudy tu lién tuc trong 4 gig cho ddéng nhat.
Chuyén toan bd dung dich vao bd thly nhiét
autoclave, day kin va gia nhiét dén nhiét dé 200 °C va
duy tri trong 24 gid. Tiép tuc dem li tdm l&y chét ran,
rifa nhiéu lan bang nudc cat dén pH=7, sau dé dem
sdy khd & 80 °C trong 24 gi¢. Chét ran thu dugc ki
hiéeu ZBTO-1:2, ZBTO-1:3, ZBTO-1:5 tucng Ung vdi
thanh phan khéi lugng clia ZnO va BaTiOs.

Phudng phdp ddc trung

Nhiéu xa tia X (XRD) cla cac mau dugc do trén may
Brucker D8 Advance, 6ng phat tia X bang Cu cb budc
song A = 1,540 A, dién ap 30kV, cudng do dong éng
phat 0,01A. PhS hdng ngoai (IR) clia mau vat liéu dugc gh
trén may GX - PerkinElmer. Phé tanxa nang luong tia X
(EDS) va anh hién vi dién t& quét (SEM) dugc do trén
may Nova Nano SEM 450. Nong dé dung dich MB
dugcxac dinh bang phuong phap do quang trén may
UV-vis Jenway 6800.

Khdo sdt hogt tinh xuc tdc quang

N6éng dé dung dich MB dugc phan hly bdi qué trinh
quang xUc tac & cac thai diém khac nhau dua trén
dudng chudn dugc thiét lap bdi méi quan hé gitta do
hdp thu theo ndng do trén may UV-vis Jenway 6800,
tai budc song 663 nm. Hiéu sudt phan hlly MB cla cac
vat liéu dugcxac dinh theo cong thuc
H=S0C 100%
CO
trong do, Co la ndng dé dau clia MB tai thai diém dat
can bang hédp phu — giai hdp phu va Ct la ndng d6 MB
tai tUng thai diém khao séat.

K&t qua va thao luan
Ddc trung vat liu

K&t qua dac trung nhiéu xa XRD clia cac mau ZnO,
BaTiO3 va ZBTO-1:2, ZBTO-1:3, ZBTO-1:5 dugc bay &
Hinh 1.

Trén gian dd XRD cho thdy, d6i véi mau ZnO, hién thi
day du cac peak tai 26 = 31,74°; 34,450; 36,25°; 47,53°;
56,67°; 62,929 66,35°, 67,88° va 69,18° tucng Ung vai
cac mat (100), (002), (101), (102), (110), (103), (200), (112)
va (201) 1a cac nhiéu xa dac trung cho cau tric luc giac
clla ZnO (theo chudn JCPDS No. 36-1451) [15]. D&i vdi
mau BaTiO3, hién thi day du cac peak tai 20 = 22,16°;
31,500; 38,829 45,099 50,75°; 56,07° va 65,87° tucng

https://doi.org/10.51316/jca.2022.066
32


http://doi.org/10.51316/jca.2020.066

Vietnam Journal of Catalysis and Adsorption, 11—issue 4 (2022) 31-37

Ung vd&i cac mat (100), (110), (111), (200), (210), (211) va
(220) 1& cac nhiéu xa dac trung cho cdu tric td giac
clia BaTiOs (theo chudn JCPDS No. 05-0626) [15, 16].
D&ivdicac mau ZBTO, mau ZBTO-1:3 chita day du cac
peak nhiéu xa clia ZnO va BaTiOs. Ngoai ra, trén mau
nay khdng thdy xudt hién pha tinh thé clia bat ki chét
khac. Biéu nay chiing t6, mau ZBTO-1:3 chi gébm hai
thanh phan 1a ZnO va BaTiO3. V&i hai mau ZBTO con
lai, cac nhiéu xa clla ZnO va BaTiOs hién thi khong day
dt va kha yéu. Vd&i két qua nay, mau ZBTO-1:3 c6 thé
dugc xem 1& mau t6t nhat trong s6 cac mau ZBTO
dugcténg hop.

+
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Hinh 1: Gidn do nhiéu xa XRD clia cac mau vat liéu
/BTO-1:2, ZBTO-1:3, ZBTO-1:5, BaTiO3 va ZnO

Ph& hdng ngoai clia cac mau ZnO, BaTiOs, ZBTO-1:2,
7BTO-1:3 va ZBTO-1:5 dugc trinh bay & Hinh 2. D&i vdi
Zn0, dai hdp thu tai 509 cm™" la dao déng dac trung
cla lién két Zn-O [17]. Ngoai ra, dai hdp thu co s6
sdng tir 3100-3400 cm ' la dao déng hdatri cia nhém
O-H cla cac phan ti nudc hdp phu vat ly trén bé mat
cac hat ZnO [17]. B&ivéi mau BaTiOs, métdai hdp thu
rong & 3445 cm! dugc quy cho dao déng hda tri cla
lien két O-H clia cac phan tir H2O hédp phu trén bé mat
cac hat vat liéu va dao dong cla cac lién két hydro
gita chung [18]. Mot peak khac dugc quan sét thdy &

s6 séng 1634 cm™" cling la dao déng clia cac phan tur
nudc vatly [19]. Hai peak manh & 1441 cmva 490 cm”
la dao déng cua lién két Ba-Ti-O va Ti-O, tuang Ung
[19, 20]. B6ivaicdc mau ZBTO-1:2 va ZBTO-1:5, khdng
xuét hién dao déng dac trung cla lién két Zn-O va Ti-
O. Tuy nhién, trén mau ZBTO-1:3 hién thi day du cac
dao déng dac trung cla cac lién két nay cla ZnO va
BaTiO3. Mat khac, cling tUr dac trung nay cho théy, dao
doéng cla cac lién két Zn-O va Ti-O trong mau ZBTO-
1:3 c& phén léch vé ving c6 s6 séng cao han so Vi
chdng trong ZnO va BaTiO3. Biéu nay ching to, d& co
sy tuang tac gitra cac don phéan ZnO va BaTiO3 trong
mau ZBTO-1:3. K&t qua nay hoan toan phu hop vdi két
qua thu dugctl nhiéu xa XRD.

ZBTO-1:2

Do truyén qua (%)
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1
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Hinh 2: PhS IR clia cac mau vat liéu ZnO, BaTiO3,
/BTO-1:2, ZBTO-1:3, ZBTO-1:5

TU két qua dac trung XRD va IR ching to rdng, mau
ZBTO-1:3 1a mau t8t nhit hinh thanh composite
Zn0O/BaTiO3. Vi vy mau nay dugc chon dé khao sat
cac déac trung ti€ép theo. Thanh phan nguyén t& cla
cac mau ZnO, BaTiOs, ZBTO-1:3 dudc dac trung bdi
phé tan xa nang luong tia X (EDS), két qua dugc trinh
bay & Hinh 3.
Trén phd tan xa ndng lugng tia X clia cdc mau ZnO,
BaTiO3 va ZBTO-1:3, vé mat dinh tinh chi xudt hién
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peak cla cac nguyén t6 thanh phan tucgng Ung cla
Zn0O, BaTiO3 va ZBTO-1:3 ma khéng thdy xudt hién
peak cla bat ki nguyén t6 nao khac. Két qué nay rat
phu hop vai phuang phap dac trung XRD, IR. Diéu nay
cho thdy, mau ZBTO-1:3 1a kha tinh khiét. Day la mot
trong nhting minh chiing bé sung, chiing minh thém
cho sy téng hop thanh cdng vat liéu composite
Zn0O/BaTiO3. Cling theo phuang phap dac trung nay,
thanh phan khéi lugng clia cac nguyén té trong cac
mau cling dugcxac dinh.

(o] 22.03 53.58

Zn 77.97 46.42
Téng 100.00 100.00

10 1 12 13 14 15 16 17 18 19 20
ke

1‘ ;; 3' l’ 5‘ EI 7 8 9 10 n 12 13 14
ul Scole 48704 cts Cursor: 13321 ke (192 ts) ke

Hinh 3: Phé EDS clia mau vatliéu ZnO (a) va BaTiO3
(b), ZBTO-1:3 (¢)

Hinh thai, kich thudc hat clia cac mau vat liéu dugc
khdo sat bai ki thuét hién vidién tir quét (SEM), két qua
dugctrinh bay & Hinh 4a-b.

TU hinh nay cho thay, hinh thai bé méat cla hai vat liéu
I3 hoan khac nhau. & Hinh 4a, cic hat ZnO c6 dang
hinh try, c6 canh séc nhon, véi kich thudc phan bé cha
yéu tap trung khoang 100-200 nm (tinh theo thang
do). Két quéa nay kha trung khdp véi mét s6 tai liéu da
dugc cong bé [21, 22]. Tuy nhién, & mau ZBTO-1:3
(Hinh 4b ), bé mat la cac hat hinh cau, co kich thudc tu
50-100 nm. Su khac biét vé hinh dang cla hai vét liéu
nay la do su cd mat cla BaTiO3 trong ZBTO-1:3 gay

nén. Cac hat BaTiO3 bao boc cic hat ZnO dé hinh
thanh nén composite ZnO/BaTiOs.

Hinh 4: Anh SEM clla mau vat liéu ZnO (a), ZBTO-1:3
(b) va EDS mapping ctia O, Ti, Zn, Ba

Ngoai ra, sy phan bd cla cac nguyén té trong mau
ZBTO-1:3 cling dudgc kiém tra bang cach st dung ky
thuat EDS-mapping (Hinh 4c—f). TU hinh cho thdy, su
phan bd clia cac nguyén t& O, Ti, Zn va Ba khéd déng
déu trong mau vatliéu ZBTO-1:3.

Ddnh gid hogt tinh xtc tdc quang

Trén <3 s3 thu dugc tu viéc dac trung cac vat liéy,
nhém nghién clu tiép tuc khao sat hoat tinh xuc tac
quang cla vat liéu nay bang phan Ung phan hiy MB
(10 mg/L) bdi anh séng mat trai. Két qua dugc trinh
bay & Hinh 5.

1.0+
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Hinh 5: Su phan hiy MB bdicac vétliéu ZnO, BaTiO3

va ZBTO dudi su chiéu xa anh sang mat trgi (lugng xuc

tac 0,02 gam, MB 10 mg/L)

TU Hinh 5 cho thay, mau ZBTO-1:3 ¢& hoat tinh xdc tac
cao nhét. Sau 70 phdt chiéu séng, su phan hiy MB
trén mau nay dat 95,54%, gia tri nay cao hon nhiéu so
v&i mau ZBTO-1:2 (dat 84,01%) va mau ZBTO-1:5 (dat
75,36%). Két qua nay cho théy rang, cac vét liéu ZBTO
c6 hoat tinh quang xUc tac vugt trdiso vdivat liéu tién
https://doi.org/10.51316/jca.2022.066
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chat ZnO va BaTiO3 riéng é. Biéu nay dugc giai thich
la do tac dung hiép trg clia ZnO va BaTiO3 trong vat
liéu ZBTO. Su hién dién ctia ZnO trong cac ZBTO da
khac phuc dugc nhugce diém tai két hap electron — 16
tréng quang sinh thudng xay ra trong vat liéu ban dan
rieng &, vi vay lam tdng hoat tinh xUc tac quang cla
vatliéu nay ma dac biétla déivdi mau ZBTO-1:3.

Mau ZBTO-1:3 dudc chon dé khdo sat ca ché quang
xUc tac clla miu composite ZnO/BaTiOs dbi vdi sy
phan hiy MB. Dé thuc hién diéu nay, vai trd cla cac
gbc ty do dugc nghién cltu bang cach sit dung chét
dap tat dé€loaibd cac gécty do [23]. Trong thi nghiém
nay, ching téi dung tert-butyl alcohol (TBA) lam chét
dap tat géc *OH, 1,4-benzoquinone (BQ) dap tatanion
g6c 027, ammonium oxalate (AO) dap tat 16 tréng
quang sinh h* va dimethyl sulfoxide (DMSO) dap tat
electron quang sinh e”. Cac dung dich chat dap tat vdi
ndng d6 dau 10 mmol/L, thé tich 2 mL dugc cho vao
ngay tU thai diém bat dau chiéu sang.
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Hinh 6: (a)-Anh hudng clia cac chat dap tat géctu do
dén qua trinh phan hly MB bdi mau vét liéu ZBTO-1:3
dudisu chiéu xa anh sang mat trai (Ilugng xdc tac 0,02

gam, MB 10 mg/L). (b)-Hiéu sudt quang phan hiy dudi
tac dung clia cac chét dap tat khac nhau

TU Hinh 6 cho thdy, vdisu c& mat clia cac chat bat géc
tu do, hiéu sudt quang xuc tac phan hdy MB clia mau
vat liu ZBTO-1:3 bi gidm han. Sau khi b sung DMSO
va TBA, hiéu sut phan hily MB b&imau vat liéu ZBTO-
1:3 da gidm manh tur 95,54% xuéng con 70,95% va
78,66%, tuang Ung. Trong khi do, sy c& mat cia AO va
BQ, hiéu suat phan huy MB clla miu ZBTO-1:3 khéng
thay d6i nhiéu, con 85,41% va 89,99% tuang Ung vdi
AO va BQ. biéu nay cho thay, anh hudng ctia DMSO
va TBA la manh han, chiing to electron quang sinh va
*OH 14 tac nhan chinh quyét dinh hiéu suét cling nhu
t&c dé phan huy cla toan bé qua trinh.

Pé lam & hon vé qué trinh phan tach electron — 16
tréng quang sinh, hinh thanh cac géc tu do trong vat
liéu composite ZnO/BaTiO3 khi dugc chiéu sang, nhd m
nghién cltu dan thém tai liéu d& dugccdng bé [14], két
qua xay ra nhu sau:

Hinh 7: So d6 giai thich co ché phan tach electron — 16
tréng quang sinh clia vatliéu ZnO/BaTiO3 dudi chiéu
xa anh sang mat tragi [14]

Zn0O/BaTiO3 + hv = ZnO/BaTiO3 (&' + h*vs)
Zn0O/BaTiO3 (h*wve) + H2O = ZnO/BaTiO3 + H* + "OH
Zn0O/BaTiO3 (h*ve) + OH (ads) = ZnO/BaTiO3 + "OH
MB + *OH — MB’ (su phan huy MB)

Theo do, khi dudc chiéu sang, su phan tach electron —
16 tréng quang sinh xdy ra & bé mat cla cac vat lieu
thanh  phan ZnO va BaTiO3 cla composite
Zn0O/BaTiO3. vung hoa tri (VB), h* sé tuang tac vdi
cac phan tif H20 dé hinh thanh nén cac géc ty do “OH,
ti€p tuc phan huy MB. Bong thdi vdi qua trinh nay, cac
e s& dichuyén 1én vung dan (CB), tai day, do su chénh
léch thé gilta cac vung CB, electron trén ving CB cla
BaTiO3 thay viquay trd lai ving VB (tai két hap), nd sé
di chuyén sang ving VB clia ZnO va di chuyén ra bé
mat vat liéu, diéu nay lam gidm qua trinh tai t6 hop
https://doi.org/10.51316/jca.2022.066

35


http://doi.org/10.51316/jca.2020.066

Vietnam Journal of Catalysis and Adsorption, 11—issue 4 (2022) 31-37

electron — 16 tréng quang sinh. Tai day, cac electron
nay sé tuong tac vai O2 trong khdng khi hdp phu trén
bé mat vatliéu dé hinh thanh nén cac géc "0z tiép tuc
phan huy MB. Qua trinh nay dudc goi la tac dung hiép
trg cla hai thanh ZnO va BaTiO3 trong vat liéu
composite ZnO/BaTiO3.

K&t ludn

Composite ZnO/BaTiO3 da dugcténg hap thanh cdng
bdng phuong phap thdy nhiét. San phdm dugc dac
trung va xac nhan bdi cac phudng phan tich hda ly
nhu XRD, IR, EDS-mapping, SEM. Su phan hdy MB (10
mg/L) trong vong 70 phdt dudi chiéu xa anh sang mat
trdi bdivat liéu ZnO/BaTiO3 dat 95,54%, cao han nhiéu
so vdivatliéu riéng 1& ZnO (73,09%) va BaTiO3 (31,37%)
G cung diéu kién khdo sat. Nghién clru nay chiing minh
rang ZnO/BaTiO3 la mdt vat liéu xic tac quang tét cd
thé Ung dung dé xtr ly nudc thai.
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