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ABSTRACT

This work presents the synthesis of ZnO, SrTiOs;, and SrTiO3/ZnO
catalysts by simple hydrothermal method. The obtained materials were
characterized by X-Ray Diffraction (XRD), Fourier transformation
infrared spectra (FT-IR), scanning electron microscopy (SEM), Energy-
dispersive  X-ray (EDS) and element mapping images, Photo-
luminescence  spectroscopy (PL), and Ultraviolet-Visible Diffuse
Reflectance Spectroscopy (UV-Vis DRS). The photocatalytic activity of
the synthesized materials was assessed by degradation of methylene
blue (MB) under sunlight. In particular, SrTiOs/ZnO displayed
outstanding photocatalytic activity compare to individual catalysts. Our
findings have revealed an improvement of photogenerated charge
separation and the dominating role of the holes and electrons in the

degradation of MB.

1. Gigi thiéu chung

Viéc x& mét lugng I6n nudc thai co chilra cac chat
httu co ddc hai khac nhau vao mdi trudng la
nguyén nhan chinh gay nén tinh trang & nhiém cac
ngudn nudc. CO nhiéu phudng phap da dugc ap
dung dé xir ly nudc, trong do xdc tac quang la
phuang phap don gidn va hiéu qud nhat do kha
nang phan hiy hoan toan cac chat & nhiém.
Phuang phap nay s dung anh sang mat trdi nhu
mdt ngudn nang lugng xanh, sach, téi sinh.

Trong nhitng ndm gan day, ZnO dugc cac nha khoa
hoc quan tam dac biét trong Iinh vuc xdc tac quang
[1]. SrTiOs la mét perovskite dién hinh, cé kha nang

diéu chinh cac tinh chét ly, héa bang cach thay déi
thanh phan cta nd [2]. SrTiOs3 la mét vat liéu xdc tac
quang tiém nang [3]. SrTiOs con la chat ban dan
quang xUc tac cé thé thay thé ZnO da dugc nghién
clu chuyén sau [4]. Tuy nhién, nhugc diém cua hai
chat ban dan nay la su tai két hop cac electron — 16
tréng quang sinh khi s& dung don &, Iam han ché
tinh Ung dung. Vi vay, viéc tim ra mdt vat lieu mdi
trén cd s3 cla hai vat liéu ban dan nay dé khac
phuc nhugc diém ctia ching la rét can thiét.

Trong cong bd nay, nhém nghién clu tién hanh lai
ghép ZnO vé&i SrTiO; nham tao ra mét loai vat liéu co
hoat tinh xUc tac quang t6t, khdc phuc nhugc diém
clia céc vat liéu don 1é ZnO va SrTiOs. bay la mot
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hudng di mdi déy hira hen, dang dugc cac nha khoa
hoc vat liéu rat quan tam.

2. Thyc nghiém va phuang phap nghién ciu

Cac hoa chat dugc st dung trong nghién clu nay
déu dugc mua tr hang Sigma Aldrich (Buic) bao gém
Zinc acetate dehydrate  (Zn(OCOCHs3),.2H:0,
99,0%), Zinc nitrate hexahydrate (Zn(NO3),.6H,O, >
98%), Ammonium hydroxide solution 28% (NHs in
H,O, > 99,99%), Potassium carbonate (K.CO;, =
99,99%), Ethylene glycol (HOCH,CH,OH, = 99,8%),
Titanium (IV) chloride (TiCls, > 99,9%), Strontium
nitrate (Sr(NQOs)z, = 99,0%), Sodium hydroxide (NaOH,
> 98%), Methylene blue (CisHsN3SCl, > 97%), Ethanol
(CoHsOH, = 99,9%), Isopropyl alcohol ((CH3);CHOH, >
99,9%). Tat ca cac hda chat déu thudc loai cd dd tinh
khiét cao.

\%
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Nhiéu xa tia X (XRD) clia cdc mau dugc do trén may
Brucker D8 Advance, 6ng phét tia X bang Cu cb budc
song A = 1,540 A, dién ap 30kV, cudng do dong éng phét
0,01A. Phé hoéng ngoai (IR) dugc quét trén may
IRPrestige-21 (Shimadzu). Kinh hién vi dién tr quét (SEM),

K§ thudt DES-mapping va quang phé tan nang lugng tia
X (EDS) dugc thuc hién trén may HITACHI S 4800 HR-
SEM. Phé quang phéat quang (PL) dugdc ghi trén méy do
quang ph& huynh quang Horiba-Jobin-Yvon FL322.
Quang phd phan xa khuéch tan tr ngoai — kha kién (UvV—
vis DRS) duac tién hanh trén thiét bj GBC—2885.

Khdo sdt hogt tinh quang xdc tdc

Nong dé dung dich MB dugc xac dinh dua trén
dudng chuén dugc thiét 1ap bdi méi quan hé gitta do
hép thu theo ndng dé dung dich methylene blue
(MB) trén may UV-vis Jenway 6800, tai budc séng 663
nm. Hiéu sudt phan hdy MB cla céc vat liéu dugc xac
dinh theo cdng thuc:

H:%XTOO%

0
trong d6, Co la ndbng db dau cla MB tai thai diém dat
can bang hdp phu — gidi hdp phu va C; la ndng doé
MB tai ting thai diém khao sat.

3. Két qua va thao luan

Nhiéu xa XRD cla cadc mau ZnO, SrTiOs va composite
SrTiOs/Zn0O dugc bay & Hinh 1a. Két qué cho théy, vdi
mau ZnO, cac peak nhiéu xa tai 20 = 31,749 34,45,
36,25° 47,53° tuong Ung vdi cac mat (100), (002),
(101), (102), 1& cac nhiéu xa dac trung cho cau tric luc
gidc clia ZnO (theo chudn JCPDS No. 36-1457) [5].
Kich thudc tinh thé cia ZnO dudgc tinh dua vao db
rong cla nlia peak (FWHM) tai peak cuc dai Ung vdi
mat (101) bang phuong trinh  Debby-Scherer:
d = kVMBcosH (v&i k = 089 A = 0154 nm;
B = (FWHM)Tt/180 v&i FWHM = 0,182° va 6 = 36,259),
két qua tinh dugc kich thudc tinh thé ZnO khodng 45
nm. Mau SrTiOs, cac dinh nhiéu xa tai 26 = 22,86°;
32,48% 40,04% 46,54° tuong Ung vdi cac mat nhiéu xa
(100); (110); (111); (200). K&t qua nay hoan toan trung
khdp véi thé chudn JCPDS No.35-0734 clia SrTiOs [6].
Mau composite SrTiOs/Zn0O, chira ddy dl cac nhiéu
xa dac trung clia ZnO va SrTiOs. Ngoai ra, trén mau
nay khéng théy xudt hién pha tinh thé clia bt ki chat
khac. Biéu nay ching té, composite SrTiOs/ZnO chi
godm hai thanh phén la ZnO va SrTiOs.
PhS IR cla cac mau dan ZnO, SrTiOs va composite
SrTiOs/ZnO dugc trinh bay & Hinh 1b. Két qua cho
théy, dai hdp thu tai 509 cm™ la dao déng dac trung
clia lién két Zn-O [7]. BSi v8i mau SrTiOs, peak & 550
cm™ la dao déng cla lién két Sr-Ti, mét peak manh &
1483 cm™ la dao dong cla lién két Sr-Ti-O va mot
peak & 1642 cm™ la dao déng cda lién két Ti-O [8].
Trén mau composite SrTiOs/ZnO hién thi day du cac
dao déng dac trung cac lién két nay cia ZnO va
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SrTiOs. Ngoai ra, dai hdp thu c6 s6 séng 3300 cm’™
dac trung cho dao déng clia cac phan tir nudc hap phu
vat ly trén bé mat cac mau vat liéu. K&t qua nay hoan
toan phu hgp vai két qua thu dugc tr nhiéu xa XRD.
Hinh thai, kich thudc hat clia cac mau vat liéu ZnO,
SrTiOs va composite SrTiOs/ZnO dugc xac dinh bdi kinh
hién vi dién tir quét (SEM), két qua duac trinh bay & Hinh
Ic,de. Hinh théi bé mat ciia ZnO hoan toan khac vdi
SITiOs va composite SrTiOs/Zn0O. O Hinh 1c, ZnO ¢
hinh dang hinh lap phucng; Hinh 1d, SrTiOs la cac hat co
dang hinh cau, kich thudc phan bé tap trung tir 50-150
nm tinh theo thang do. O Hinh Te, 1& c4c hat hinh cau
nho hon, co kich thudc phan bé tap trung tir 30-100 nm
tinh theo thang do. Su khac nhau nay dugc gay ra bdi

su c& mat cla vat liéu ZnO trong composite. Thanh
phan nguyén t& clla mau vt liéu SrTiOs/ZnO dugc dic
trung bdi phé tan xa nang luong tia X (EDS), két qua
dugc trinh bay & Hinh 2a,b. Trén phé tan xa nang lugng
tia X cla composite SrTiO3/Zn0O, vé mat dinh tinh chi
xuét hién peak clia cac nguyén t6 Sr, Zn, Tiva O.

Ngoai cac nguyén té& nay, khong thdy xudt hién peak
cla bat ki nguyén t6 nao khac. Cling theo phucng phép
d&c trung nay, thanh phén khéi lugng clia cac nguyén té
trong cac mau cling dudc xac dinh, két qua cling dugc
trinh bay & Hinh 2b. Co thé thdy rdng mau chi cd cac
nguyén t6 Sr, Ti, Zn va O la thanh phan cla composite
SrTiOs/Zn0.
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Hinh 1: (a)-Gian dod nhiéu xa XRD; (b)-Ph& FT-IR clia cac mau vat liéu ZnO, SrTiOs va composite SrTiOs/Zn0;
(©), (d), (e)- Anh SEM clia mau vét liéu ZnO, SrTiOs va SrTiOs/ZnO tucong Ung
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Hinh 2: (a,b)-Phd& EDS clia mau vat liéu composite SrTiOs/ZnO; (c-H)-Su phan bé clia cac nguyén té trong vét liéu
SrTiOs/Zn0O dugc xac dinh bang ky thuat EDS-mapping
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Sy phan bd clia cac nguyén t& trong mau composite
SrTi0s/ZnO con dugc kiém tra bang ky thuat EDS-
mapping. Két qua tu Hinh 2(c-f) cho thay, su phan bd
clia c&c nguyén té Sr, Ti, Zn va O kha ddng nhét trong
mau vat liéu SrTiOs/ZnO. Pay la phuong phap xéc dinh
chinh x&c thanh phan dinh tinh cac nguyén té. Nhu
vay, két qué dac trung XRD va IR va EDS ching to
rang, composite SrTiOs/ZnO da dugc téng hgp thanh
cobng va tinh khiét.

PhS UV-vis DRS clia cac mau vat liéu dugc trinh bay &
Hinh 3. TU két qué nay cho thay, ZnO va SrTiOsz c6 ba

2500

hap thu &nh sang nam hoan toan trong vung t& ngoai
(A < 390 nm), bG hép thu cla composite cd dich vé
vung kha kién nhung khong nhiéu. Biéu nay chiing to,
su lai ghép tao composite SrTiOs/ZnO khéng thay déi
nhiéu gia tri nang lugng vung cam.

Nang lugng vung cdm cla cac vat liéu ZnO, SrTiOs va
composite  SrTiOs/ZnO cling dugc xac dinh bang
phuong phap nay dua vao ham Kubelka-Munk. Két
qud, Eq(ZnO) = 3,25 eV, Eg(SrTiOs) = 3,20 eV va
Ey(SrTiO3/Zn0O) = 3,24 eV.
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Hinh 3: Phé UV-Vis DRS (a) va nang luong viing cdm clia cac mau vét liéu ZnO (b), SrTiOs (c) va composite
SrTiO3/Zn0O (d)

Hoat tinh xtc tac quang phan hiy MB (10 mg/L) cla
céc vat lieu dugc trinh bay & Hinh 4a. Két qua cho théy
muc db phan hly quang MB dudi su chiéu xa clia anh
sang mat trai & thi nghiém tréng (khdng co chét xuc
tac) va cac thi nghiém khac vdi sy cd mat clia cac vat
liéu don ZnO, SrTiOs, composite SrTiOs/ZnO da diéu
ché la rat khac nhau. MUc dé phan hdy MB quang xtc
tac xac dinh bdi dai lugng Cy/Co dudc tinh toan cho
mdi qué trinh phan hly quang tai cuc dai & budc séng
663 nm (Co va C; lan lugt 1a ndng d6 MB ban dau va
nong do tai thdi diém phan Ung t, tuong tng). O thi
nghiém khong co chéat xdc tac, néng dé MB hau nhu
khong gidm. Ngugc lai, khi thém chét xdc tac, nong doé
dung dich MB gidm dang k& composite SrTiOs/ZnO
diéu ché dugc cho thdy muic dd phan hdy MB cao haon
rat nhiéu so vai cac mau vat lieu don ZnO va SrTiOs.

Hiéu sudt phan hiy MB bdi composite SrTiOs/ZnO dat
98,16%; trong khi hiéu sudt phan hay MB cla ZnO va
SrTiOs chi dat 55,40% va 31,24% tuong Ung.

M6 hinh déng hoc biéu kién Langmuir - Hinshelwood
cling dugc ap dung dé dénh gid doéng hoc cla qué
trinh quang xdc tac phan hay MB, két qua dugc trinh
bay & Hinh 4b.
InSo —kkt=k't
C

t

V)

véi k' 1a hang s6 t6c dé biéu thi cho mic db phan hay
MB.

Két qua tUr Hinh 4b cho thay, téc dé phan hdy MB cua
cac vat lieu tuan theo phuong trinh déng hoc bac 1, vdi
hé s& hoi quy kha cao. Hang s6 t6c dé k' cda SrTiO;,
https://doi.org/10.62239/jca.2024.028
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ZnO va SrTi0s/Zn0O la 0,0037; 0,0079 va 0,0464 (min™),
tuong ung.

TU céc gia tri k' chi ra rang composite SrTiO3/Zn0O ¢6
t6c dé phan hly MB khé 16n so vdi cac vat liéu ZnO va
SrTiOs riéng lé. Cu thé, téc do phan hiy MB bdi mau
SrTiOs/Zn0O gép 12,5 1an so v&i mau SrTiOs, gép gan
59 1an so vd&i mau ZnO. Két qua nay mot lan nia
khadng dinh, hoat tinh xUc tac quang cla composite
SrTi03/Zn0O dugc tang cudng vuct trdi so vdi cac vat
liéu ZnO, SrTiOs. Cé thé gidi thich mot cach don gian
vé hiéu sudt xuc tac quang cao clia composite nay dya
vao ly thuyét ving nang lugng cla vat liéu lai ghép
nhu sau: khi lai ghép, s& xudt hién cac muc nang lugng
nam trong vung cadm, chinh cdc muc nay khién cho
dién t&r dé dang chuyén 1én ving dan hoac 16 tréng dé
dang di chuyén xuéng ving hoa tri dé tao nén tinh
dan clia vat liéu. Vi thé, chi can lai ghép v&i ham lugng
rat nhd cling lam thay déi 6n tinh dan dién cla vat
liéu. Bay la su thay déi rat ¢ y nghia, su thay déi nay
s& lam gidm kha nang tai t6 hop electron — 16 tréng
quang sinh xdy ra trong vat liéu composite
SrTiOs/Zn0O. D& minh ching cho diéu nay, cac mau vat
litu tiép tuc dugc dac trung bdi phé quang phéat
quang va dugc trinh bay & Hinh 4c.
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1.04
0.8
§ 06
5}
—=— Khong xtc tac
0.4 —o— SITiO,
—A—Zn0
—¥— SrTi0,/Zn0
0.2
00 1 T r r : r Y
0 15 30 45 60 75 90 105
Thei gian (phut)
e
2, (c)
_ —2Zn0
3 = 8rTiO,
@ .
= = SrTi0,/Zn0
[ =
@
-]
o
T
=
[s%
g
(=)
c
©
=3
(6]
0 - T T T T T
350 400 450 500 550 600

Buodc song (nm)

K&t qua phd PL & Hinh 4c cho thédy, ZnO va SrTiOs c6
cusng dé phét quang manh & budc song 458 nm va
451 nm, tuong Ung. Trong composite SrTiOs/Zn0O, sy
c6 mat dong thai cta hat nano SrTiOs va ZnO (anh
SEM & Hinh 1e) lam gidm manh cudng dé phat quang
clia composite nay. Phat hién nay cho thdy, hiéu qud
kéo dai "thdi gian séng” cla hat mang dién (e” quang
sinh, 16 tréng quang h*) thong qua hai cd ché: Thi
nhéat, SrTi0s/Zn0O hoat déng nhu mét chat cam quang,
gop phan 16n electron vao ving dan, dan dén su hinh
thanh nhiéu g&c hydroxyl hon. Thd hai, SrTiOs/ZnO
thic ddy su phan tach cac cap electron - 16 tréng
quang sinh lam tang cudng hiéu sudt quang xuc tac
clia composite SrTiO3/Zn0O.

Trén cg s& mét s6 vat liéu da dugc cong bé [9, 10], qué
trinh phan tach electron — 16 tréng quang sinh, sy hinh
thanh cac gbéc tu do trong vat liéu composite
SrTiOs/Zn0O khi dugc chiéu sang dugc dé xuét & Hinh
4d.

Bién vung hda tri (VB) va vung dan (CB) clia ZnO va
SrTiOs o thé dugc tinh bang cac cong thirc sau:

Ece = X - E¢ - 0,5E,
Eve = Ecs + Eq

aaaaaa

SrTi0,/Zn0O: k' = 0.0464
—2Zn0: k'=0.0079
SITiO,;: K =0.0037

0 15 30 45 60 75 90 105
Thoi gian (phut)

A
4‘.‘. (d)

SrTio,

/7

CO, + H,0

Hinh 4: (a)-Su phan hdy MB (10 mg/L) bdi vat liéu ZnO, SrTiOs va composite SrTiOs/ZnO (lugng xuc tac 0,03 gam)
(3 diéu kién can bang hap phu); (b)-Su phan hiy MB theo mé hinh déng hoc biéu kién Langmuir-Hinshelwood cla
vat liéu ZnO, SrTiO; va composite SrTiOs/Zn0O; (c)-Phé quang phat quang clia cac vat liéu ZnO, SrTiO; va
composite ZrTiOs/ZnO va (d)-Sa dé giai thich ca ché phan tach electron — 16 tréng quang sinh clia véat liéu
SrTiOs/ZnO dudi sy chiéu xa anh séng mat trai
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Trong do6 x 1a d& &m dién tuyét doi clia chat ban dan
(dugc dinh nghta la trung binh cdng cua ai luc electron
va do ion hdéa dau tién cla cac nguyén ti cdu thanh),
E¢ la ndng lugng cua cac electron tu do trén thang
hydrogen (4,5 eV), va Eq la ndng lugng vung cdm cla
chat ban dan. Gia tri x cla SrTiO; va ZnO dugc udc
tinh 1an lugt la 4,94 eV [1] va 5,79 eV [2]. Theo két qua
UV-Vis DRS, Eq cla SrTiOs va ZnO lan luct la 3,2 eV va
3,25 eV. Do dé, thé nang bién CB va VB cua SrTiOs lan
lugt dugc xac dinh & -1,16 eV va +2,04 eV. Thé nang
bién CB va VB clia ZnO lan lugt dugc tinh & 0,335 eV
va +2,915 eV (Hinh 4d). Ca ché phan (ng quang xuc tac
phan hiy MB bdi composite SrTiOs/ZnO dugc md ta chi
tiét nhu sau: khi dugc chiéu sang bang anh sang mat troi,
su phan tach electron - 16 tréng quang sinh xay ra & bé
mat clia cac vat liéu thanh phan ZnO va SrTiO; cla
composite SrTiO3/Zn0O. O vung hoa tri (VB), h* sé tuong
tac vdi cac phan ti H,O dé hinh thanh nén cac géc tu do
‘OH, ti€p tuc phéan hdy MB. Bong thai véi qué trinh nay,
cac e” s di chuyén Ién viing dan (CB), tai day do sy chénh
léch thé gilta cac vang CB, electron trén ving CB cla
SITiOs thay vi quay trd lai vung VB (téi két hap), nd sé di
chuyén sang viing CB ctia ZnO va di chuyén ra bé mat vat
liéu, dieu nay lam giam qué trinh tai t8 hap electron - 16
tréng quang sinh. Tai day, cac electron nay sé tuong tac vdi
Oz khong khi hdp phu trén bé mat vét liéu dé hinh thanh
nén cac géc "0, tiép tuc phan hldy MB (Hinh 4d).

Nhu véy, tac dung hiép trg ctia hai thanh phan ZnO va
SrTiOs trong composite SrTiOs/ZnO lam gidam dang ké téc
dé téi t6 hap electron — 16 tréng quang sinh va lam tang
cudng hiéu suét quang xUc tac clia composite SrTiO3/ZnO
(dat hiéu suét 98,16% & pH = 12).

4. K&t luan

Composite SrTiOs/ZnO d& dugc téng hgp thanh céng
bang phuang phap thdy nhiét va dugc danh gid hoat
tinh xUc tac bang phan Ung quang phéan hiy MB. Céc
thi nghiém dugc thiét k& dé t6i uu hoda cac diéu kién
phén Ung quang xdc tac. Hoat tinh quang xuc tac cla
composite SrTiO3/ZnO dugc tang cudng la do: i) sy
hinh thanh lién két dj thé SrTiOs-ZnO trong composite

lam thic ddy su phan tach cac electron — 16 tréng
quang sinh va kéo dai “thdi gian séng” cla cac hat
mang dién (e, h*); i) khd nang nhay quang, lam tang
cac hat mang dién & phan tiép gidp lam tang cudng
phan Ung quang xuc tac phan hdy thudc nhuém MB.
Ca ché cla phan Ung quang xuc tac phan hdy MB bai
composite SrTiO3/Zn0O cling dugc dé xuat.
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