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CHE TAO NANOCOMPOZIT QUANG
XUC TAC ZnO/TiO,
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TOM TAT:

Nghién ctu nay téng hgp nanocompozit ZnO/TiO, bing phuong phap sol-gel dé khit mau
thudc nhudm trong nuéc thai dét may. VAt liéu dugce phan tich bing TEM, XRD, BET va UV-Vis.
XRD xdc nhan ciu tric di thé ZnO/T 10, va TEM, cho thi'y cdc hat nano gan nhu hinh ciu.
Nanocompozit v6i ty 1& Zn(II):Ti(IV) 1a 1:5 ¢6 dién tich bé mit BET cao hon (91,045 m?/g) va
viing cA&m hep hon (Eg = 3,06 €V) so vdi ty 1€ 1:1. Tinh niing xiic tdc quang hda cling dugc danh

gid qua sy giam do mau ciia Methylene Blue.

T khéa: nanocomposit ZnO/TiO,, sol-gel, di thé, ning lugng viing cAm, quang xiic téc.

1.Pat van dé

Viét Nam phét trién manh nganh Dét May, din
dén sy gia ting dang k& kim ngach xuit khdu. Tuy
nhién, 6 nhiém tir thuoc dét nhudm 12 mot thich
thitc 16n, vi cidc phuong phip xit 1y truyén thdng
thudng giy 6 nhiém thit cAp. Gan day, vat liéu nano
quang xiic tdc tir oxit bdn din dd ndi bat nhu mot
gidi phdp tiém ning cho vin dé nay.

2. Téng quan nghién ciu

Cdc vat liéu ban din nhu ZnO, SnO,, MgO,
GeO,, Sby03, V,05, WO3 va TiO, c6 cdc vung
cAm, bi€u thi sy chénh léch ning lugng giita cdc
trang thdi electron ctia ching (Prasannalakshmi
etal. 2017; Shyamalee et al., 2024). Khi chi€u xa
photon, cdc vat liéu nay cé thé tao diéu kién cho
cdc electron chuyén tir viing héa tri (VB) sang
viing din (CB) dé tao ra cdc cip electron-16 trong
theo nguyén ly tuong duong khdi lugng-ning
lugng (Olga et al. 2016). Han ché& chinh vé hiéu
qué quang xuc tdc nim § sy tdi hgp nhanh chéng
cla cédc cip electron-10 tréng quang kich thich.
St dung cdu tric di thé nhu ZnO/TiO, c6 thé ting
cudng phan tich dién tich va gidm tdi hgp
electron-16 trong (Masahiro et al. 2002). TiO, va
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ZnO, nhd hoat tinh quang xic tdc cao, tinh &n
dinh héa hoc, khong doc hai va hiéu qui vé mit
chi phi nén dudc st dung phd bi€n (Ayan et al.
2014). C& TiO, va ZnO déu 1a chdtbén din loain
c6 ning lugng viing cAm tudng tu, TiO, (3,22 €V)
va ZnO (3,37 eV), nhung vi tri mdc ndang lugng
ving din (CB) va viing héa tri (VB) ciia chiing ¢6
st khdc biét. Do thé ning viing din clia ZnO Am
hon so v6i TiO,, cdc e tai ving dan clia ZnO s&
dé dang di chuyén sang viing din cta TiO,;
ngudc lai, cdc h* tir viing héa tri ctia TiO, cling sé&
di chuyén sang ving héa tri ciia ZnO, din dén
trang thdi can bing clia hé cdu tric nay. Sy hinh
thanh vat liéu nano ZnO/TiO, cé thé tao ra cdc
miic ning lugng mdi trong ving cAm, cé kha
ning cho phép hip thu cd 4nh sing khi kié€n
(Chebanenko et al. 2023, Chen et al. 2016). Khi
hdp thu ning lugng bing hodc 16n hon ning
lugng viing cAm, chit bdn din sé tao ra sy kich
thich dién t tit VB dé€n CB, tao ra cic 18 trong &
CB. Céc electron va 18 trong tu do nay tham gia
vao cdc phdn tng oxi héa khtt, tao ra cidc géc nhu
0, va *OH, then chdt cho hoat dong quang xic
tdc cla chat bdn din trong qud trinh phan hiy
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chit 6 nhiém, bao gdm thudc nhudm va cic hgp
chat hitu co (Barbara, 2023).

Trong nghién cu nay, vat li€u nanocompozit
xtc tdc quang ZnO/TiO, thu dugc thong qua qud
trinh sol-gel v6i sy thay d8i vé ty 1é mol
Zn(I):Ti(IV). Cac phudng phdp phan tich, bao gdm
TEM, BET, XRD va UV-vis, dugc st dung dé danh
gi4 hinh th4i, dién tich bé mit va kich thudc clia hat
nano TiO,/ZnO. Hon nita, hoat tinh quang xtc tac
ctia vatli¢u nano ZnO/TiO, cling dugc khdo sét.

3. Vat liéu va phuong phap

Acetat kém (Zn(CH3COO),.2H,0), Poly(N-
vinylpyrrolidone) (PVP, (CcHoNO),),
Isopropoxide titanium (IV) ([Ti{OCH(CHj3),},) 1a
nhitng héa chit clia Sigma Aldrich. Natri hydroxit
97%, An Do), cdn tuyét doi (Cemaco, Viét Nam),
bot Methylene Blue (Qingdao Sanhuan Colorchem
Co.) ¢6 dd tinh khi&t cao. Céc dung dich dugc pha
ch€& bing nudc khit ion.

3.1. Ché'tao nanocompozit ZnO/TiO2

Qu4 trinh tng hgp sol-gel TiO, & ndng do 0,2
va 1,0 M dugc thuc hién bing cach tron 5, 10 va 15
mL isopropoxide Titanium (IV) v6i 50 mL cbn
tuyét doi, khuay trong 20 phit. Sau d6, thém 20 mL
nuGc cit va khuay ti€p dé tao huyén phu tring.

Dicu ch€ 0,2 M Zn(CH;COO0),.2H,0 bdi sy hoa
tan 6,57 g trong 20 mL dung dich PVP 1%, thém 80
mL ethanol va khui'y manh & 80°C trong 20 phiit.
Tu tr thém 50 mL dung dich NaOH 0,02 M trong
hdn hgp nudc/ethanol (2:3, v/v), khudy lién tuc &
80°C trong 4 gid.

D4 dung dich vao huyén phit TiO, da chuén bi

Hinh 1: Anh TEM cda ZTO1 va ZTO2

va khudy trong 120 phiit d€ tao gel TiO,/ZnO ddng
nhit. Rita sach miu, siy kho & 100°C va nung &
550°C trong 3 gi6. Cac nanocompozit TiO,/Zn0O c6
ty 1€ mol Zn(I1):Ti(IV) 1a 1:1 va 1:5 dugc ky hiéu la
ZTO1 vaZTO2.

3.2. Nhitng ddc trung va hoat tinh xic tdc
quang héa ciia ZnO/TiO,

Anh TEM clia nanocompozit TiO2/ZnO dugc
ghi bing kinh hién vi JEOL JEM-1400 (100 kV).
Dién tich bé mit BET phan tich bing may NOVA
Station C trong diéu kién N,, & 120°C, 4 gis. Gidn
dd XRD do bing miy Shimadzu 5A (CuKa, A =
1,5405 A), quét 0,5°/phiit tir 5 d&€n 80°. Pic tinh
quang hoc dudc danh gid bing quang phd UV-Vis
trén may Jasco V-630 (200-800 nm).

Hoat tinh xidc tdc quang ctia vat li€u nano
TiO,/ZnO dugc khdo sdt ti sy phan hiy thudc
nhudm Methylene Blue du6i 4nh ning mit trdi.
LAy 1 g nanocompozit TiO,/ZnO dugc khudy trong
20 phadt v6i 100 mL dung dich 10 mg/LL MB trong
t6i. Sau khi hap phu, hdn hgp dudc chuyén ra ngoai
va phdi ndng trong 30, 45, 60 hoic 90 phiit. Sau mdi
giai doan, hdn hgp dudc loc va do do hip thu quang
phd UV-Vis ctia dung dich & A ~ 600 nm d€ danh
gi4 sy phan hiy thudc nhudm.

4. K&t qua va thio luan

4.1. Pdc trung cia nanocompozit ZnO/Ti02

Céc 4nh TEM x4c nhan hinh thdi gan nhu dang
cAu clia vat liéu nano ZTO1 va ZTO2, ¢6 xu huéng
k&t dinh, sdp x&p thanh chudi nhw Hinh 1. Quan sit
nay pht hgp véi ciu tric duge ghi nhan cho cic
nanocompozit ZnO/TiO, dugc tdng hdp thong qua

$6 18 - Thdng 8/2024 383



TAP CHi CONG THUONG

phudng phap sol-gel, nhu trong tai liéu tham khio
(Lawrence et al., 2023). C4c viing sdng hon biéu
thi cdc hat nano TiO, do hiéu suit tdn xa electron
cao, trong khi cdc viing t6i hon c6 thé 1a hat ZnO
bao boc bdi PVP. Phat hién nay phit hgp véi céc
nghién ctu trudc, trong d6 céc hat nano TiO, biéu
hién d6 tuong phdn sdng cao hon so v6i ZnO trong
anh TEM ctia nanocompozit ZnO/TiO, (Hamouda
etal. 2021).

Hinh 2 minh hoa gidn d6 XRD ctia cdc miu
ZTO1, ZTO2 va ZTO3 sau khi G & 550°C trong 2
gid. Cdc dinh & ~ 25° chi ra sy hién dién cta pha
“anatase” cua TiO2 (JCPDS 00-021-1272), trong
khi cdc dinh & ~ 36° cho tha'y pha “wurtzite” clia
ZnO (JCPDS 36-1451) (Anguraj et al. 2023, Pedro
etal. 2021). Piéu nay x4c nhan sy hién dién dong
thdi cia cd 2 pha ZnO va TiO, trong vat liéu
nanocompozit ZTO. Phéan tich kich thuGc
tinh thé bing phuong phip Debye-

trd then chét trong ng dung xic tic quang, thic
ddy hiéu suat ctia cic phép do dd hap thu UV-Vis.
K&t qud trén Hinh 4a cho thdy cdc dinh hap thu
quan sat dudc trong pham vi budc séng 300-400
nm. Nhitng dinh nay c6 thé do su déng gép cla cd
thanh phan TiO, va ZnO trong vat liéu
nanocompozit. Phuong phap Tauc la mot k§ thuat
dugc dp dung rong rai dé x4c dinh ning lugng viing
cAm clia vat liéu ban din dya trén phd hap thu UV-
Vis. Kha ning ting dung ctia phan tich biéu db Tauc
doi hoi vat liéu phai c¢6 kha ning phin tan trong
moi trudng 16ng, tao ra dung dich trong sudt vé mit
quang hoc, khong duc (Makula et al. 2018).

bay la phuong trinh Tauc:

(ahv)m=B(hv—-Eg) (2)

Phuong trinh nay lién hé sy hdp thu 4nh sidng

ctia vat liéu v6i nang lugng (hv) va niang lugng

Hinh 2: Gidn dé nhiéu xa tia X cta ZTO1 (a) va ZTO2(b)

Scherrer cho thdy kich thuéc hat nano 000

1an lugt 1a 25,2 va 27,1 nm ddi véi TiO2
tai ~25° va 22,3 va 24,9 nm doi v6i ZnO
& ~36° cho cic miu ZTO1 va ZTO2
tuong Gng. Cac ti€p xiic di thé trong qua
trinh nung thudng din dén xu huéng k&t
tu, phtt hgp véi cdc quan sdt TEM trong
Hinh 1. Lawrence va cOng su da bdo cdo
xu huéng két tu it hon trong vat liéu
nano TiO,/ZnO ché€ tao & 350°C so véi & 0

400°C (Lawrence etal., 2023).
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Hinh 3 thé hién dudng ding nhiét
tuyén tinh cla dién tich bé mit BET tir
qué trinh hip phu/gidi hip N, ctia ZTO,.

Hinh 3: Budng ddng nhiét tuyén tinh hép phu/gidi hép
N5 theo BET & 77,4°K cho 210,

Gi4 tri BET ting tir 68,803 m?g ddi véi

ZTOl 1én 91,045 m?/g d6i v6i ZTO,, cho o
thiy su gia ting pha “anatase” khi ham
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lugng TiO, ting. K&t qud nay phi hgp
vdi nghién cttu trude, cho thiy vat lieu c6
dién tich bé mit BET 16n hon thudng
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viing cAm (Eg) clia vat liéu. Hé s6 hap thu a dugc
xdc dinh tir gia tri hip thu quang (A) ctia phd UV
Vis. Hé s6 n dugc st dung dé xdc dinh loai chuyén
ti€p dién ti x4y ra khi cdc photon dugc vt liéu
hap thu (Anguraj et al. 2023). Trong biéu db Tauc,
niang lugng ving cdm - Band Gap (Eg) dugc xdc
dinh biing cdch ngoai suy doan tuyé&n tinh ctia bi€u
dd (ahv)? so v6i hv truc x, trong d6 (athv)? biing 0.
Cac gia tri Eg thu dugc 1a 3,23 eV va 3,06 eV tng
v6i ZTO1, ZTO2 ¢6 ty 1€ mol ZnO:TiO, 1a 1:1va
1:5 (Hinh 4b, 4c). Bang chd y, nidng lugng ving
cAm hep hon trong vat liéu nanocompozit
ZnO/TiO, so Vi gid tri Eg cia ZnO (3,37 eV). Su
bi&n ddi Eg nay dugc cho 1a do su dich chuyén bao
cla viing dan (CB) hodc ving héa tri (VB) cla
ZnO khi thay ddi ty 1¢ mol TiO, trong hdn hgp. Su
bi€n ddi ning lugng & giao dién cho phép tich cic
hat mang dién trén mdi phin clia bé mit di thé
(Masahiro et al. 2002). Khodng cdch dadi ning
lugng hep hon dugc quan sdt trong nanocompozit
cho thdy hoat dong xtc tidc quang ting cudng. Hon
nira, nhitng phat hién nay cling chitng minh thém
sy ton tai clia cAu tric di thé€ trong hdn hdp
ZnO/TiO,.

Hiéu wng quang xuc tdc ctia vit liéu
nanocompozit ZnO/TiO, dudc ddnh gid bang khd
ning phin hiy thudc nhudém Methylene Blue
(MB) dudi 4nh sing mit trdi. Hinh 5 cho thay phd
hap thu clia dung dich MB sau khi xtt Iy vdi cdc
miu ZTO1 va ZTO2 & cdc khodng thdi gian
chi€u ndng khdc nhau (0 30, 45, 60 va 90 phit).
Gid tri do hap thu clda dung dich MB dugc xit 1y
bing ZTO1 va ZTO2 gidm dan khi chi€u xa dnh
sang mit trdi kéo dai. Sy suy gidm nay cé thé
dugc cho 1a do sy hdp thu photon ting Ién clia
chd't bdn din lam ting cdc cip electron-16 trong.
K&t qué 1a sy hinh thanh cdc gbc phdn tng (*0,")
va (*OH) trén bé mit chat xiic tic quang. Nong
do gbc ting cao gidp ting cudng khd ning hap
thu phan t MB, do d6 lam ting t6c dd oxy hda
va phian hiy MB, biing chitng 1a sy gidm do hap
thu mau. Piéu nay phd hgp v6i nghién citu clia
Curco va cong sy vé dnh hudng cia sy hip thu
bifc xa d&€n sy phan hiy chat mau (Curco et al.
2002; Adam et al., 2019), trong d6 sy gidm do hﬁ’p
thu clia thuéc nhudm khi thdi gian chi€u xa kéo

Hinh 4: Phé UV-Vis (a) va dé thi cua (ahv)?
véi nang lugng photon hv cho (b) ZTO1 va
(c) ZT02
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dai thudng dugc quan st thdy trong qué trinh
quang xtc tidc. Hién tugng nay dudc cho la do sy
tao ra cdc gdc phdn ng bén trong chit ban din
trong qua trinh quang xuc tc.

Su khdc biét hiéu sudt phan hly c6 thé do dién
tich bé mit riéng cta vat liéu nanocompozit.
ZTO, c6 dién tich bé mit BET 1a 91,045 m¥g sau
khi nung & 550°C trong 2 gid, trong khi ZTO1 chi
c6 68,803 m?/g. Nghién cttu cho thiy dién tich bé
mit BET 16n hon lién quan dén kha ning hip phu
t6t hon, vi nhiéu vi tri hoat dong hon gitp ting
cudng ti€p xdc véi chdt xidc tdc quang (Huyen et

S6 18 - Thang 8/2024 385



TAP CHi CONG THUONG

al., 2018). Piéu nay cai thién kh3 ning hip thu
4nh sdng va tao ra nhiéu cip electron-16 trong,
ting cudng hiéu qué clia phdn ing quang xuic tac
(Sweta et al. 2021). Viéc thu hep khodng cédch
vliing cAm cida vat liéu ban din khong chi ning
cao hoat tinh xdc tdc quang, ma con cai thién kha
ning hap thu dnh sing va kéo dai tudi tho ciia
chat xiic tdc. Khodng cdch ddi hep hon gitp hap
thu 4nh sdng kha ki€n, ting hiéu qua trong céc
phdn tng quang xic tic, ddng thdi gidm tdc do tdi
hdp cla cdc cip electron (e)-18 tréng (ht), kéo
dai sy ton tai clia cdc hat mang dién. K&t qua
trong Hinh 5 cho thdy ZTO2 (Hinh 5b) phan hdy
thudc nhudm t8t hon ZTO1 (Hinh 5a), do hap thu
quang gidm nhanh theo thdi gian chi€u xa, dic
biét sau 45 phuit.

Hinh 5: Quang phd hdp thu cua dung dich
MB X0 ly véi (a) ZTO1 va (b) ZTO2 sau 0’ (MB),
30’, 45°, 60’ va 90’ duéi biic xa mdt trdi

12
1.0 (a)

08

— M8

"
Dos
04

0.2

400 500 600 700 600

Abs

400 500 600 700 600
Wavelength (nm)

Su hinh thanh di thé cla cic oxit bin din ZnO
va TiO, gitp phan tich cdp (e7)/(h*) quang sinh. Khi
vat lieu hap thu ning lugng 16n hon ning lugng
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viing cAm (Eg), c4c e- sé& dich chuyén tir viing ha
tri I1én viing din va tao cdc h+. Cic e- tai ving dan
clia ZnO s& di chuyén sang ving din cda TiO,,
trong khi h* tif viing héa tri cda TiO, di chuyén vé
ZnO (Endrika et al. 2023). Cic e tao ra goc
superoxide (*O,~ ) tif oxy trong khong khi, con h*
tao ra goc hydroxyl (*OH) tir nu6c. Co ché& dugc thé
hién trong Hinh 6. C4c phan ting hinh thanh gdc tu
do va phan hlly chAt mau:

ZnO/TiO, (light) — e /h* “4)
e + 02 d °027 (5)
h*+ H,0O — OH* (6)

*O, /OH* + MB — Oxidation (Fragmented)
Products of MB (7)

Hinh 6: S0 dé co ché quang xuc tac cla
ZnO/TiO5, CB: Dd@i dén, VB: DGi héa tij

hv
Dich chuyén e-
i \ 02
GGG e e ¢ o
Zno o8 B | Tio2 §
*02
SRR ;‘; Eg=3.20€V  phan huy thude nhudm
e — VB :
FOHELE R (P e H2020H™ *OH
h* h* h* h* h*
Dich chuyén h* h
5.Kétluan

- Nanocomposite ZnO/TiO, da dugc tdng hgp
thanh cong bing phuong phdp sol-gel 2 budc.
Trong qud trinh nay, cdc hat nano ZnO va TiO,
dugc chudn bi riéng biét, sau d6 k&t hop dé tao
thanh c4u tric di thé ZnO/TiO,. Kich thudc tinh thé
dat 25-27 nm d6i vé6i TiO, va 22-25 nm ddi v6i
ZnO, v6i ty 1é tién chat Zn(II):Ti(IV) 1a 1:1va 1:5
ung v6i ZTO1, ZTO2. Cac vat li¢u nanocompozit
déu thé hién hoat tinh quang xic tic, trong do,
ZTO, phan hily xanh methylene hiéu qua hon nhd
dién tich bé mit16n (91,045 m?/g) va viing cAm hep
(3,06 eV).

- Vat liéu nano ZnO/TiO, cho thdy hiéu qua
vugt troi trong vi€c x 1y nude thai dét nhudm nhd
ciu triic di thé. Su két hgp nay gitp ting cudng kha
ning hap thu 4nh sdng va tao ra cic goc tu do manh
mé&, phan hlly hiéu quéd cdc phan tif thudc nhudm.
Véi chi phi hgp 1y, vat liéu nay hita hen sé la giai
phép bén vitng cho van dé& & nhi&ém mdi trudng W
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ABSTRACT:

In this study, the sol-gel method was used to synthesize ZnO/TiO, nanocomposites for dye
removal from textile wastewater. The material was analyzed by using TEM, XRD, BET, and
UV-Vis. XRD was used to confirm the ZnO/TiO, heterostructure, and TEM showed nearly
spherical nanoparticles. The nanocomposite with a Zn(II): Ti(IV) ratio of 1:5 had a higher BET
surface area (91.345 m?/g) and a narrower band gap (Eg = 3.06 eV) compared to the 1:1 ratio.
The photocatalytic performance was also assessed by the reduction in Methylene Blue dye
concentration.

Keywords: ZnO/TiO, nanocomposite, sol-gel, heterostructure, band gap energy,
photocatalysis.
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