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In this study, the SnO,/BaTiOs heterostructure has been fabricated by firstly
preparing SnO; and BaTiOs through, followed by coupling SnO, and BaTiOs
by the hydrothermally method. The samples are denoted as SBTO-x:y, where
xy is weight ratio of SnO; va BaTiOs (xy = 1.3, 1:5 va 1.7) in the reaction

mixtures. The obtained materials were characterized by XRD, IR, EDS-

SnO,/BaTiOs, photocatalyst,
methylene blue, visible light.

mapping, SEM. The photocatalytic activity of SBTO-xy SnO, and BaTiOs
samples was assessed by degradation of methylene blue in aqueous solution

under sunlight. Among them, SBTO-1:5 exhibited the best performance. An
enhancement in photocatalytic activity of the composites is believed to the

presence of BaTiOs.

Gidi thiéu chung

Ngay nay, 6 nhiém ngudn nudc la mét trong nhiing
van dé xa hoi dang phai d6i mat. Sy & nhiém lam anh
hudng rat xdu dén trang thai can bang cta hé sinh
thai. Vi thé, viéc nghién clu xU If cac hgp chét hitu co
ddc hai trong méi trudng nudc la mét trong nhiing
m&i quan tam hang dau ctia mdi quéc gia. Gan day,
phuong phép xU I nhan dugdc nhiéu sy quan tam cla
cac nha khoa hoc la qua trinh quang héa xuc tac [1].

Perovskite titanates, ATiOs (A= Ca, Sr, Ba, v.v..) la loai
vat liéu rat tiém nang cho qua trinh xic tac quang vi
kha nang oxy hda pht hop va dé 6n dinh hoa ly cao.
Trong do, BaTiOs la mét trong nhing vaét liéu day huia

hen cho céc Ung dung xuc tac quang. BaTiOs la mét
chat ban dan chi thé hién hoat tinh xtc tac quang
manh trong vung UV va hoat tinh gidm nhanh do téc
dé tai két hop gilta electron quang sinh va 16 tréng
guang sinh manh [2].

Tin (IV) oxide (SnO;) la chét ban dan loai n vdi nang
lugng vung cdm réng (3,6 eV) [3], chd yéu hap thu
manh anh sang ving tr ngoai. Khi st dung riéng ¢,
hoat tinh xUc tac cua vat liéu nay giam déang ké. Dé
khac phuc nhugc diém nay, nhiéu vt liéu d& dudgc ché
tao bang cach lai ghép SnO; vdi vat liéu khac. Cac vat
liéu tao thanh cé hoat tinh vuct tréi va dat hiéu suét
xUc tdc quang kha cao [4-6]. Do dé, viéc két hgp
BaTiOs vdi SnOz nham cai thién hoat tinh xtc tac
quang cla cac vat liéu riéng 1é la hudng nghién cliu
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thd vi, thu hat khé nhiéu sy chd y, quan tdm cla cac
nha khoa hoc [7, 8] trong nhitng nam gan day.

Thudc nhudém dugc st dung réng réi trong cac nganh
cong nghiép nhu dét may, thuc phdm, gidy.. San
luong thudc nhuém téng hop hang nam la khoang
70.000 tan vdi 100.000 loai thudc nhudém. Trong qué
trinh st dung, khodng 15- 20% bi mét va di vao trong
nudc thai [9]. Khi thai truc ti€p ra mai trudng, su xuat
hién ctia thuéc nhudém sé cé nhiing tac dong tiéu cuc
dén sinh vat dudi nudc va stc khde con ngudi.
Methylen blue (CigHisN3SCl) la mét trong nhitng thudc
nhudm cation dugc st dung thudng xuyén nhét trong
cong nghiép [10]. Lién quan dén s& lugng va tac déng
c6 hai cta né, can phai nd luc lam gidm ham lugng
methylene blue trudc khi thai ra méi trudng.

Trong cong bd nay, nhdm nghién clu tién hanh lai
ghép SnO;, vdi BaTiOs nham tao ra mét loai vat liéu
mdi, co hoat tinh xuc tac quang tét, khdc phuc nhiing
nhugc diém cua cac vat liéu don 1é, dong thai danh gia
hoat tinh quang xUc tac cla vat liéu nay bdi phan Ung
phan huy methylene blue trong dung dich nudc. bBay
la mét hudng di mai day hira hen, dang dugc cac nha
khoa hoc vat liéu rat quan tam.

Thuc nghiém va phuang phap nghién clu
Héa chdt

Céc hda chét dugc st dung trong nghién cliu nay déu
dugc mua tir hdng Sigma Aldrich (Bdc) bao gébm Tin
(IV) chloride pentahydrate (SnCls.5H.O, = 99,8%),
Titanium (IV) chloride (TiCls, > 99,9%), barium nitrate
(Ba(NO3),, = 99,0%), sodium hydroxide (NaOH, =
97,0%), isopropyl alcohol ((CH3).CHOH, > 99,5%),
methylene blue hydrate (CigHigCIN3SxHO, = 97%),
ethanol (CoHsOH, > 99,9%). Tat ca cac hda chit déu
thudc loai cd doé tinh khiét cao.

Phuang phdp téng hap vat liéu

Téng hgp SnOx Thém tU tr 100 mL dung dich
SnCla.5H,0 0.1 M vao 150 mL ethanol. Khudy lién tuc
hdn hap trong 2 gid, gitt nhiét d6 & 70 °C. Sau d6 dé
ngudi & nhiét dé phong. Tiép tuc thém ting giot dung
dich NaOH dén khi pH dat gi4 tri 8 thu dugc gel. Loc
gel, dem sdy kho trong 24 gid & 80 °C dé tao xerogels.
Cho xerogels vao c6c stt cod ndp day, boc kin bang gidy
nhom va nung & 550 °C trong 2 gid. D& ngudi & nhiét
do phong, nghién min thu dugc san phdm cd mau
trdng la la SnO..

T6ng hgp BaTiOs: cho mot lugng Ba(NOs), hoa tan vao
46,6 mL nudc cat dén khi dat dung dich bdo hoa &
nhiét dé phong. Mat khac, cho 5,6 mL isopropanol va
2 mL TiCls hoa tan trong 39 mL ethanol khan cho dén
khi tao thanh dung dich trong suét. Sau dé nhd tu tir
dung dich Ba(NOs), vao dung dich gém isopropanol
va 2 mL TiCls. Tiép tuc thém 10 mL dung dich NaOH
10M vao va khudy lién tuc trong 1 gid nlta. Dung dich
thu dugc cho vao autoclave, day kin va dun néng &
nhiét dé 200 °C trong 24 gio. Két tua thu dugc dem ly
tam, rlfa sach bang nudc cat cho dén khi pH = 7. Cudi
cling dem sdy & 80 °C trong 10 gid. Chat bét thu duagc
la BaTiO:s.

T6ng hop SnO»/BaTiOs: vat liéu SnO,/BaTiOs dugc
diéu ché bang phuong phép thdy nhiét. Hon hap SnO:»
va BaTiOs dugc trén theo ti 1& khéi lugng SnO»:BaTiOs
la 1:3; 1:5; 1:7. Nghién hén hop dén dé min can thiét.
H6n hop thu dugc dem phan tan trong 100 mL nudc
cét, khudy lién tuc bang may khudy tir trong 4 gi¢ cho
dong nhét. Chuyén toan bd dung dich vao bé thay
nhiét autoclave, day kin va dun néng & nhiét d6 200 °C
trong 24 gid. Tiép tuc dem li tdm 18y chét ran, rua
nhiéu 1&n bang nudc c&t dén pH = 7 va rla bang
ethanol, sau d6 dem sdy khd & 80 °C trong 24 gic.
Chét ran thu dugc ki hiéu SBTO-1:3, SBTO-1:5, SBTO-
1:7 tuong Ung vdi thanh phéan khéi lugng cta SnO; va
BaTiOs.

Phuang phdp ddc trung

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

Khdo sdt hogt tinh xtc tdc quang

DE danh gia hoat tinh quang xUc tac cla cac vat liéu,
methylene blue (MB) dugc chon lam chét 6 nhiém hiu
co. Ldy 0,05 gam mau SnO»/BaTiO; phan tan trong 120
mL dung dich MB 10 mg/L, dung dich dugc khudy lién
tuc bang may khudy tir va gitt yén 90 phut trong béng
t6i dé dat trang thai can bang hép phu—giai hdp phu.
Sau khoang thdi gian nay, dung dich dugc chiéu xa
bang anh sang mat troi. Thai gian chiéu sang bat dau
tU 11 gio dén 14 gic 30 phut trong ngay, cung thdi
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diém déi vai tat ca cac mau. bidu kién thi nghiém
khong dung va cé co dung kinh loc tia UV. Su suy giam
néng dé MB dudc theo d&i sau cac khoang thai gian
chiéu sang mdi 30 phat/lan. Nong dé dung dich MB
clia quéa trinh quang xUc tac dugc xac dinh dua vao
dudng chudn thiét 1ap bdi méi quan hé gitta d6 hap
thu quang theo néng dé MB trén may UV-vis Jenway
6800, tai budc song 663 nm.

Hiéu suat phan hay MB clia cac vat liéu dugc xac dinh
theo cdng thuc:

G -G

0
trong do, Co la ndng d6 dau clia MB tai thai diém dat
can bang hap phu—gidi hdp phu va C: la ndbng d6 MB
tai ting thai diém khao sat.

H= x100%

Két qua va thao luan
bdc trung vdt liéu
K&t qua dic trung nhiéu xa XRD clia cac mau SnO;,

BaTiOs va SBTO-1:3, SBTO-1:5, SBTO-1:7 dugc bay &
Hinh 1.
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Hinh 1: Gidn do nhiéu xa XRD clia cac mau vat liéu
SBTO-1:3, SBTO-1:5, SBTO-1:7, BaTiOs va SnO;

Trén gian dd XRD cho thdy, d&i vdi mau SnO, co céu
tric kiéu rutile theo thé chudn JCPDS 41-1445 [11] vdi
cac mat nhiéu xa (110), (101), va (211) c6 cudng do
manh tai 26 = 26,79% 34,31° va 51,78° tuong Ung [12-
14]. Cac méat nhiéu xa khac cta SnO2 nhu (200), (220),
(002), (310), (112) va (301) tai 26 = 37,95°; 54,78°; 57,715
61,84° 64,62° va 66,10° tucng Ung cling xudt hién vdi
cudng do yéu hon [13, 14]. BEi véi mau BaTiOs, hién
thi day du cac peak tai 26 = 22,16°% 31,50°; 38,82
45,099 50,75°; 56,07° va 65,87° tucng Ung vd&i cac mat
nhiéu xa (100), (110), (111), (200), (210), (211) va (220), day
la nhiéu xa dac trung ctia BaTiOs cdu truc t& giac theo
thé chuan JCPDS No. 05-0626 [15, 16]. D&i véi cac mau
SBTO, mau SBTO-1:5 chifa day du cac nhiéu xa cla
SnO, va BaTiOs. Ngoai ra, trén mau nay khong thay
xudt hién pha tinh thé cla bét ki chét khac. Diéu nay
chiing té, mau SBTO-1:5 chi gébm hai thanh phan Ia
SnO; va BaTiOs. V&i hai mau SBTO con lai, cac nhiéu
xa cla SnO; va BaTiOs hién thi khong day dd va kha
yéu. M3t khac, mau SBTO-1:5 ¢6 cudng dé nhiéu xa
manh hon nhiéu so vai hai mau SBTO-1:3 va SBTO-1:7.

SBTO-1:7
SBTO-1:5
9
©
g_ SBTO-1:3
c
<@
>
=
o | SnO,
ol
O-H/H,0
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B Y -
/( - -1
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2 Ba-Ti-O’ 490 ¢!
3445 cm I 144_'1 cm-1l I I
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S6 séng (cm™)
Hinh 2: Phé IR clia cac mau vét liéu SnO2, BaTiOs,
SBTO-1:3, SBTO-1:5, SBTO-1:7
Vi két quad nay, mau SBTO-1:5 c6 thé dugc xem [a
mau tét nhét trong s& cac mau SBTO dugc téng hap.
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PhS hong ngoai clia cac mau SnO», BaTiOs, SBTO-1:3,
SBTO-1:5 va SBTO-1:7 dugc trinh bay & Hinh 2.

Dai vai SnO,, mét dai hép thu réng & s6 séng khodng
3300-3500 cm™ va 1632 cm™ la dao déng hoa tri cla
lién két O-H cla cac phan t&r H.O hép phu trén bé mat
cac hat vat liéu [13, 17, 18]. Vang c6 s6 song thap & 635
cm™ va 553 cm™ la dao déng dac trung cla lién két
Sn-O-Sn phén déi xiing va déi xiing [18, 19]. BGi vdi
mau BaTiOs, mét dai hdp thu rong & 3445 cm™ dudc
quy cho dao déng hda tri cla lién két O-H cla céc
phan t& H.O hdp phu trén bé mat cac hat vat liéu va
dao déng cua céc lién két hydro gitta ching [20]. M6t
peak khac dugc quan sét thdy & s6 song 1634 cm’
cling la dao déng cla cac phan t& nudc vat ly [21]. Hai
peak manh & 1441 cm™ va 490 cm™ la dao ddéng cla
lién két Ba—Ti—O va Ti—O, tuang Ung [21, 22]. Béi véi
cac mau SBTO-1:3 va SBTO-1:7, khong xudt hién dao
déng dac trung cla lién két Sn-O-Sn va Ti-O. Tuy
nhién, trén mau SBTO-1:5 hién thi day du cac dao
déng dac trung cla cac lién két nay cia SnO; va
BaTiOs. biéu nay ching t6, da co sy tuaong tac gila
cac don phan SnO; va BaTiOs trong mau SBTO-1:5. Két
qua nay hoan toan phu hgp vdi két qua thu dugc tu
nhiéu xa XRD.

TU két qua dac trung XRD va IR ching to rang, mau
SBTO-1:5 1& mau t6t nhat hinh thanh vat liéu
SnO,/BaTiOs. Vi vy, nhém tac gid chon mau nay dé
khao sét cac dac trung tiép theo.

TU Hinh 3a cho thdy, SnO; la cac hat hinh cau kha
doéng déu, co kich thudc khodng 50 nm (tinh theo
thang do). Cac hat sap xép theo mét trat tu nhat dinh
va ¢4 dé phan tan t&t. Dang hat hinh c&u tao nén
nhiéu 16 xEp phan b kha déng déu trén bé mat vat
liéu. & Hinh 3b, bé m3t mau vat liéu SBTO-1:5 kha ghd
ghé, khac xa vdi bé mat cla SnO,. Biéu nay lam tang
dién tich bé mat cla mau vat lieu SBTO-1:5. Nhiing
thay déi nay la do su c6 mat ctia BaTiOs trong vét liéu
SBTO gay ra.

Thanh phan nguyén t§ clia cac mau SnO,, SBTO-1:5
dugc dac trung bdi phé tan xa nang luong tia X (EDS),
két qua dugc trinh bay & Hinh 3c-d. Trén phé tan xa
nang lugng tia X clia cac mau SnO, va SBTO-1:5, vé
mat dinh tinh chi xudt hién peak cla cac nguyén té
thanh phan tuong Ung ctda SnO; va SBTO-1.5 ma
khong thdy xudt hién peak cla bét ki nguyén t6 nao
khac. K&t qua nay rét phu hap vdi phucng phép dac
trung XRD va IR. Bay la mot trong nhiing minh chimng
bé sung, ching minh thém cho su téng hgp thanh
céng vat lieu SnO,/BaTiOs. Cling theo phucng phap

dac trung nay, thanh phan khéi lugng cla cac nguyén
t8 trong cac mau cling dugc xac dinh (Hinh 3c-d).

Weight% Atomic%

75.41 31.93
100.00

BTN 2459 68.07
| snL_ |
| Totals |

Weight% Atomic%
B-IrSl 3373 70.58

27.84 19.46

| TiK |
BT 1531 4.32
|_Bal |

23.13 5.64
100.00

0 ) 2 H ‘. s “ 7 [ [ " " ¥ i)
ol Scum 704 o Curser 139404V (194 5) et

Hinh 3: Anh SEM cla vét liéu SnO: (a), SBTO-1:5 (b) va
Ph6 EDS clia mau vat liéu SnO> (c), SBTO-1:5 (d)

Ngoai ra, sy phan bé cla cac nguyén t& trong mau
SBTO-1:5 cling dugc kiém tra bang ky thudt EDS-
mapping (Hinh 4). TU hinh nay cho thdy, su phan bé
clia cac nguyén t6 O, Ti, Sn va Ba kha ddng nhét trong
mau vat liéu SBTO-T:5.
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Hinh 4: Su phén bé clia cac nguyén té trong vat liéu
Sn0O,/BaTiOs bang ki thuat mapping

PhG UV~-vis DRS clia cac vét liéu dugc trinh bay & Hinh
5. TU hinh nay cho thdy, bG hép thu anh sédng cua vét
liéu SBTO-1:5 chi yéu nam trong vung UVA c6 budc
séng tu >300 nm dén 390 nm va mét phén nho tréi
dai sang vung kha kién & budc song <540 nm. Trén co
s3 cla phuong phap déc trung nay, ndng lugng vung
cdm clia mau vat liéu SBTO-1:5 cling dugc xac dinh, Eg
=35eV.

[ uv Vis
= ——SBTO-1:5
E: ——5Sn0,
2 ——BaTiO,
3. B N
= El £ g
o c 3 pi
® 2 & i
o % 7
o &
=2 2]
c L
© B T S
=] 30 31 32 33 34 35 36 37 38 39 40
o Eg (eV)
0

300 330 360 390 420 450 480 510 540 570 600
Budc song (nm)

Hinh 5: Ph& UV-vis DRS clia cac vat liéu SnO,, BaTiOs,

SBTO-1:5 (hinh I8n) va nang lugng ving cdm SBTO-1:5

(hinh nhd) clia cac mau vat liéu

Khdo sat hoat tinh xtc tdc quang
Hoat tinh xUc tac quang cla qua trinh phan hay MB (10

mg/L) bdi anh séng mat trai clia cac vat liéu dugc trinh
bay & Hinh 6.
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Hinh 6: Su phan hiy MB bdi cac vat liéu SnO,, BaTiOs
va SBTO dudi su chiéu xa ciia mat trgi khdng dung
kinh loc tia UV (lugng xuc tac 0,05 gam, MB 10 mg/L)

TU Hinh 6 cho thdy, cac mau vat liéu SBTO c¢6 hoat tinh
xUc tac quang vuat tréi so vdi SnO; va BaTiOs riéng 1é.
Cu thé, sau 210 phut chiéu séng, hiéu suét quang phan
hiy MB bdi mau vat liéu SBTO-1:5 dat 83,33%, gia tri
nay cao hon nhiéu so vai mau SBTO-1:3 (dat 74,11%) va
mau SBTO-1:7 (dat 70%). Trong khi do hiéu suét quang
phan hdy MB clia SnO; chi dat 60,26% va BaTiO; dat
48,76% & cung diéu kién khdo sat. Su tang cudng hoat
tinh xdc tac quang cla mau vat liéu SBTO dugc gidi
thich 1a do tac dung hiép trg ctiia SnO; va BaTiOs trong
cac mau vat lieu SBTO. Su hién dién ctia SnO; trong
cac mau SBTO d& khic phuc dugc nhugce diém tai két
hap electron — 16 tréng quang sinh xay ra trong vat
liéu ban dan riéng 1€, vi vay lam tdng hoat tinh xdc tac
quang cla vat liéu nay ma dac biét la tdng manh doéi
vGi méu SBTO-1:5.

Khéo sat anh hudng cla ngudn séng la anh sdng mat
trai khdng hodc cé kinh loc tia UV, két qua dugc trinh
bay & Hinh 7.

TU Hinh 7 cho théy, & diéu kién chiéu sang khong kinh
loc UV hoac ¢é kinh loc UV, hiéu quéd quang phan hdy
MB cla SBTO-1:5 rat khac nhau. Cu thé tUr 83,33%
(khéng dung kinh loc tia UV) gidm xuéng con 44,44%
(c6 dung kinh loc tia UV). Biéu nay ching té, mau vat
liéu SBTO-1:5 thé hién hoat tinh xUc tac quang manh
dudi su chiéu xa cla anh sdng mat trai tu nhién. Day la
mot lgi thé, 1am tang khad nang Ung dung cla vat liéu
nay vao thuc tién phan huy chat hitu co gay 6 nhiém,
lam sach m&i trudng nudc.
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100

83.33

I 44‘4
0 I

Khéng c6 kinh loc UV C6 kinh loc UV
Hinh 7: Hiéu sudt quang phan hly MB (lugng xUc tac
0,05 gam, MB 10 mg/L) bdi mau vat liéu SBTO-1:5 dudi
su chiéu xa clia mét trai khong va co kinh loc tia UV

P [=2] @
o o o
1 1 1

Hiéu suét phan hay (%)

N
o
L

Trén ca s& mot s6 tai liéu da dugc cong bé [8], su gidi
thich qua trinh gidm tai két hop electron—16 tréng
quang sinh cla vat lieu SnO,/BaTiOs dudc dé xuét &
Hinh 8.

‘0, + MB
0O,

CO, + H,0

cB
2
[}
o  BaTiO,
1
g
h* h* h* h*
VB

H,0

MB+'OH [—=) CO,+H,0

Hinh 8: So d6 giai thich ca ché phan tach electron— 6
tréng quang sinh cla vat liéu SnO,/BaTiOs dudi chiéu
xa anh sang mat trdi [8]

K&t luén

Nhu vay, bang phucng phap thuy nhiét don gian da
téng hgp dugc vét liéu SnO,/BaTiOs. Kich thudc, hinh
thai, thanh phan va tinh chat quang xUc tac cla vat liéu
SnO./BaTiOs di cdu tric dugc diéu chinh bang céch
thay déi ti 1& khéi luong clia SnO; va BaTiOs. Vat liéu
Sn0O,/BaTiOs dudc téng hop vai ti 1& khéi luong
SnOz:BaTiOs = 1:5 cho hiéu sudt quang phan huy MB
cao nhat dudi bdc xa anh sang mét trai. Diéu nay cho
thdy, khd nang si dung vat liéu nay trong viéc xU ly
nudc la rét kha thi. Dy kién, nghién cliu nay sé ma ra

mot 16 trinh mdi cho viéc phét trién cac chat xuc tac
quang di cau trdc véi hiéu qua vuat tréi, ing dung vao
viéc thanh loc céc chat hitu co gay 6 nhiém mai trudng
nuac.

L&i cdm on

Céc tac gid chan thanh cdm on dé tai cép B6 ma s
B2021-DQN-05 da tai trg moét phan kinh phi cho viéc
thuc hién bai bao nay.

Tai liéu tham khao

1. Danilo spasiano, Raffaele Marotta, Sixto Malato,
Pilar Fermandez-lbanez, llaria Di Somma, Applied
Catalysis B: Environmental 170-171 (2015) 90-123.
https://doi.org/10.1016/j.apcatb.2014.12.050

2. Harsha Bantawal and D Krishna Bhat, International
Journal of Engineering & Technology 7 (2018) 105—
109.
https://doi.org/10.14419/ijet.v7i4.5.20022

3. Abdel-Messih, M. F., Ahmed, M. A,, & El-Sayed, A.
S., Journal of Photochemistry and Photobiology A:
Chemistry 260 (2013) 1-8.
https://doi.org/10.1016/j johotochem.2013.03.071

4. H. Fan, H. Li, B. Liy, Y. Lu, T. Xie, D. Wang, ACS
Appl. Mater. Interfaces 4(9) (2012) 4853-4857.
https://doi.org/10.1021/am301199v

5. T. Xian, H. Yang, LJ. Di, J.F. Dai, Journal of Alloys
and Compounds 622 (2015) 1098-1104.
https://doi.org/10.1016/j jallcom.2014.11.051

6. S.E. Stanca, R. Muller, M. Urban, A. Csaki, F.
Froehlich, C. Krafft, J. Popp, W. Fritzsche, Catalysis
Science & Technology 2 (2012) 1472-1479.
https://doi.org/10.1039/C2CY20169K

7. Manoj Nageri , A. B. Shalet, Viswanathan Kumar,
Journal of Materials Science: Materials in Electronics
28(13) (2017) 9770-9776.
https://doi.org/10.1007/s10854-017-6729-5

8. S. Selvarajan, P. Malathy, A. Suganthi, M. Rajarajan,
Journal of Industrial and Engineering Chemistry 53
(2017) 201-212.
https.//doi.org/10.1016/j jiec.2017.04.026

9. Duran-Jimenez .G, Hernandez-Montoya V.,
Montes-Moran M. A, Bonilla Petriciolet A. and
Rangel-Vazquez N. A, Microporous  and
Mesoporous Materials 199 (2014) 99-107.
https://doi.org/10.1016/j.micromeso.2014.08.013

https://doi.org/10.51316/jca.2023.006
40


https://doi.org/10.51316/jca.2023.006
https://doi.org/10.1016/j.apcatb.2014.12.050
https://www.researchgate.net/publication/journal/International-Journal-of-Engineering-Technology-2227-524X
https://www.researchgate.net/publication/journal/International-Journal-of-Engineering-Technology-2227-524X
http://dx.doi.org/10.14419/ijet.v7i4.5.20022
https://doi.org/10.1016/j.jphotochem.2013.03.011
https://doi.org/10.1021/am301199v
https://www.infona.pl/resource/bwmeta1.element.elsevier-0b17cbf2-6117-3ffc-bad5-610870412d54/tab/jContent
https://www.infona.pl/resource/bwmeta1.element.elsevier-0b17cbf2-6117-3ffc-bad5-610870412d54/tab/jContent
https://doi.org/10.1016/j.jallcom.2014.11.051
https://doi.org/10.1039/C2CY20169K
https://www.researchgate.net/journal/Journal-of-Materials-Science-Materials-in-Electronics-1573-482X
https://www.sciencedirect.com/science/journal/1226086X/53/supp/C
https://doi.org/10.1016/j.jiec.2017.04.026

10.

.

12.

13.

14.

15.

16.

Vietnam Journal of Catalysis and Adsorption, 12 —issue 1 (2023) 35-41

FulJ, Xu Z,LiQ. S, Chen S, An S. Q. and Zeng Q.
F, J. Environ. Sci. 22 (2010) 512-518.
https://doi.org/10.1016/51001-0742(09)60142-X

Kim S. P, Choi M. Y, & Choi H. C, Materials
Research Bulletin 74 (2016) 85—89.
https://doi.org/10.1016/j.materresbull.2015.10.024

P. Thiru Ramanathan, M.Sheik Abdullah and L.
Amalraj, Journal for Bloomers of Research 5(2)
(2013) 657-655.
https://doi.org/10.1016/j.materresbull.2004.08.006
Jing Wang, Hui-ging Fan and Hua-wa Yu, Journal
of Nanomaterials 2015 (2015) 1-8.
https://doi.org/10.1155/2015/395483

Weigen Chen, Qu Zhou, FuWan, and Tuoyu Gao,
Journal of Nanomaterials 2012 (2012) 1-9.
https://doi.org/10.1155/2012/612420

Pengrong Ren, Huiging Fan, Xin Wang, Catalysis
Communications 25 (2012) 32-35.
https://doi.org/10.1016/j.catcom.2012.04.003

S. Kappadan, S. Thomas, N. Kalarikkal, Materials
Chemistry and Physics 255 (2020) 123583.

17.

18.

19.

20.

21.

22.

https://doi.org/10.1016/j.matchemphys.2020.123583.
Selvi N., Sankar S., & Dinakaran K, Superlattices and
Microstructures 76 (2014) 277-287.
https://doi.org/10.1016/j.5spmi.2014.10.015

Wenjin Wan, Yuehua Li, Xingping Ren, Yinping
Zhao, Fan Gao and Heyun Zhao Nanomaterials 8(2)
(2018) 112.

https://doi.org/10.3390/nano8020112

Shuang Zhan, Dongmei Li, Shengfa Liang, Xin Chen
and Xia Li, Sensors 13(4) (2013) 4378-4389.
https://doi.org/10.3390/5130404378

Ni Y, Zheng H, Xiang N, Yuan K and Hong J, RSC
Adv. 5(10) (2015) 7245-7252.
https://doi.org/10.1039/C4RA13642)

Kappadan S, Gebreab T W, Thomas S and Kalarikkal
N, Mater. Sci. Semicond. Process. 51 (2016) 42—47.
https://doi.org/10.1016/j.mssp.2016.04.019

Wang P, Fan C, Wang Y, Ding G and Yuan P,
Mater. Res. Bull,, 48 (2013), 869-877.
https://doi.org/10.1016/j.materresbull.2012.11.075

https://doi.org/10.51316/jca.2023.006
4


https://doi.org/10.51316/jca.2023.006
https://doi.org/10.1039/C4RA13642J
https://doi.org/10.1016/j.materresbull.2012.11.075



