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TOM TAT

Vit liéu nano k&m oxit duoc tong hop bang phuong phap sol-gel voi tién chit ban dau la
k&m axetat dihydrat. Mau xtic tac dugc tong hop ¢ nhiét do nung trong khoang 400-700 °C.
Céu trac dic trung cia vat liéu nano kém oxit dugc xac dinh bang cac phuong phap nhiéu xa
tia X (XRD) va kinh hién vi dién tir quét (SEM). Két qua cho thay kich thudc tinh thé nano
oxit kém trong khoang 22-32 nm, c6 hi¢u qua cao trong quang xUc tac phan huy xanh
methylen. Tinh chét quang xuc tac dugc danh gia thong qua qua trinh phan hury xanh methylen
dudi anh sang kha kién, sir dung dén compact 26 W. XUc tac nano k&m oxit tong hop & nhiét
d6 nung 400 °C dat hiéu qua quang xac tac cao nhat la 95,1% sau 4 gio chiéu xa.

Tur khoa: Xuc tc quang, ZnO, hat nano, phuong phéap sol-gel, xanh methylen.

1. GIOI THIEU

Thudc nhudm hiru co duge biét dén nhu mot nhom chit 6 nhidm chinh, xuét hién trong
nuée thai ciia cac nganh cong nghiép nhu my phim, dét, da, in 4n, thudc va cao su [1]. Pay la
nhiing mébi de doa 16m ddi v6i con nguoi, dong vat va hé sinh thai dudi nudc boi kha nang phan
huy sinh hoc kém va xu hudng gay ung thu ctia chiing. Hon nita, cic chat 6 nhiém nay ciing ¢6
tac dong x4u dén tinh chét va chat lugng cua nudc, can tr¢ sy thdm thau cua anh séng mat troi
1am bét 1gi cho cay thily sinh quang hop [2]. Viéc str dung thudc nhuém xanh methylen trong
nude ¢ thé gay ra nhidu bénh Iy nhu rdi loan tiéu hoa, kho chiu va thiéu mau, do dé can thiét
phai ngan chan tac hai ciia cac thudc nhudm nay ddi véi hé sinh thai [3]. Trong nhidu nim
qua, da c6 nhiéu nghién ciru duoc thuc hién dé cai thién nudc bi 6 nhiém bang cach sir dung
cac ky thuat xtr Iy nude nhu sinh hoc, hoa hoc, hap phu, dong tu va tach mang [1]. Tuy nhién,
céc ky thudt trén chi tap trung vao viée chuyen d6i cac chat 6 nhidém trong nudc vao pha ran
dan dén viéc tao ra cac chit 6 nhiém thtr cip c6 thé c6 tac dong gy hai twong duong dbi véi
hé sinh thai [3]. Vi vdy, can tim ra mot phuong phap hiéu qua va an toan dé loai bé thuéc nhuém
ma khong tao ra chat doc hai thir cp nao. Xtc tac quang ban dan 1a mot cong nghé dé xur ly va
cal tao cac vung nude bi 6 nhiém da dugc kham pha trong thoi gian gan day. Cong nghé nay c6
nhiéu tiém ning véi wu diém 12 than thién véi méi trudng, chi phi thap va bén ving, co thé 1am
sach nuéc bi 6 nhiém boi cac thude nhudm ma khong tao ra san pham trung gian doc hai trong
hau hét cac truong hop [3, 4]. Cac chat xtc tac quang da dugc kham pha trong nhimg ndm gén
day bao gom titan dioxit (TiO2), kém oxit (ZnO), vonfram oxit (WOs) va nhleu chat khéc [5].
Trong s6 cac oxit kim loai ban din, ZnO 1a mot trong nhiig ban dan loai n tot nhat vé mat ky
thudt, ré va khong doc hai, véi cac dac tinh dién va quang hoc ddc ddo. Khi ¢ dang nano, ZnO
tr thanh mot chét xtic tac quang tuyét voi [1, 6]. Nano ZnO co thé duoc tong hop bang cac ki

98


mailto:suonghtn@hufi.edu.vn

Téng hop nano kém oxit (rng dung quang xtc tac phén hdy xanh methylen

thuat vat Iy va hoa hoc khac nhau, bao gém cit lazer, phun xa, nghién bi, dbt chay, két tua, thay
nhiét va dung nhiét [7-10].

Trong nghién ctru ndy, cac hat nano oxit kém duoc tong hop bang ky thuét sol-gel, hoat
tinh quang cua cac hat nano ZnO ¢ cac nhi¢t d nung khac nhau da dugc khao sat, déng thoi
duoc str dung lam chat xuc tac quang dé phan hiy xanh methylen trong dung dich nuéc duéi
anh sang mo phong mat troi.

2. THU'C NGHIEM

2.1. Téng hep vit liéu nano ZnO

Kém axetat dihydrat Zn(CHsCOO0),.2H,O (Sigma > 98,0%) dugc s dung lam tién chat
cua ZnO, NaOH dugc st dung dé tao moi truong phan tan cia hdn hop. Ethanol (EtOH,
99,5%) duoc sir dung trong tat ca cac thi nghiém.

Qua trinh téng hop nano ZnO bao gém céac budc sau: Zn(CH3;CO0),2H,0 dugc hoa tan
trong 60 mL ethanol, dun néng va khudy lién tuc ¢ nhiét d6 60 °C. Tuong tu, NaOH ciing
dugc hoa tan riéng trong 20 mL ethanol & cing diéu kién. Sau khi ca hai chat hoa tan hoan
toan, dung dich NaOH duoc nhé tirng giot vao dung dich caa Zn(CHsCOO),2H,0 va khudy
manh & nhiét d6 60 °C. HAn hop duoc giir trong 3 gior & nhiét do phong, sau d6 duoc sdy &
nhiét d6 120 °C trong 4 gio va nung trong khdng khi & céc nhiét do 400-700 °C trong 2 gid s&
thu duoc bot nano kém oxit.

2.2. Pic trung vit liéu nano ZnO

CAu trac dic trung cua vat liéu nano ZnO dugc xac dinh boi XRD, st dung D2 Phaser
(Bruker) véi ghiéu xa CuKa Q = (0,154 nm). Phuong phap do SEM str dung may JSM-6500F,
JEOL dung dé do hinh thai bé mat cta vat liéu.

2.3. Hoat tinh quang xic tac

Hoat tinh quang xuc tic cia cac mau vat lidu ZnO duoc danh gia dya trén su phan huy xanh
methylen trong diéu kién phong thi nghiém. Binh phan ting dung tich 500 mL chira 200 mL dung
dich xanh methylen (ndng d6 dau 10 mg/L) va 200 mg mau xuc tic. Sudt qué trinh xtc tac quang
hoéa, hon hop nay dugc khqu & nhiét d6 30 £ 2 °C va duogc chiéu xa boi dén 26 W compact lamp
(Natural light PT 2191-ExoTerra) véi budc song trong khoang 390-640 nm, budc song cd cuong
d6 manh nhét tai 540 nm, dén duogc dit phia trén binh phan tng. Hon hop duoc khqu trong bong
t6i trong vong 60 phut dé dat can bang hap phu trudc khi chiéu dén. Cac thi nghiém dugc thyuc hién
trong 4 gio va 5 mL miu duoc 1dy & mdi khoang thoi gian nhét dinh. Mdi mau dugc loc qua dau
loc nylon 0,45 pm dé loai bo cac hat va sau d6 dugc xac dinh bang may quang phd ké Hitachi
UV-vis duoc trang bi ngudn sang ISSUV/VIS vdi viing bude song 400- 800 nm. Sy phan hiy cia
xanh methylen duoc theo ddi boi dinh hap thu ctia né & bude song 665 nm.

3. KET QUA VA THAO LUAN

3.1. Pac trung xic tac

Pho nhidu xa tia X ctia cac mau ZnO & cac nhiét d6 nung trong khoang 400-700 °C duoc
biéu dién & Hinh 1. Két qua cho thiy rang tat ca cac mau déu c6 dinh dic trung cua ZnO tai
cac vi tri 20 1a 31,81°, 34,44°, 36,31°, 47,60°, 56,62° va 63,01° tuong (mg voi cac mat tinh thé
(100), (002), (101), (102), (110) va (103) phu hop voi phd chuan JCPDS 00-001-1136. Két
qua nhiéu xa tia X cho thay, khi ting dan nhiét d6 nung cac dinh nhleu Xa clia cac tap chat
khong tinh khiét giam dan, dong thoi cac dinh dic trung tré nén sic nét. Diéu nay ching to
rﬁng, do tinh thé hoa clia cac mau tdng dan theo nhiét d¢ nung.
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Kich thudc tinh thé udc tinh cho tit ¢4 cac mau dugc tinh toan bang phwong trinh Debye Scherer:
0,91
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Trong do: t lé~kich thude tinh thé, A 1a bude song, B 1a @6 ban rong c6 cuong do cao nhét
(101). 9 14 g6c nhiéu xa Bragg.
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Bang 1 cho théy cac gia tri dugc tinh toan cia kich thudc tinh thé cua cac hat nano ZnO
thu dugc ¢ cac nhiét dg nung khac nhau. Cac hat nano ZnO nung ¢ 400 °C c6 kich thudc tinh
thé nhé nhat (21,9 nm), tiép theo 1a cac mau dugc nung & 500 °C, 600 °C (24,9 nm) va cubi
cung & nhiét 6 700 °C c6 kich thudc 16n nhét (31,2 nm).

Bdng 1. Anh huéng cta nhiét d6 nung dén kich thudc tinh thé ctia ZnO

STT Nhiét d¢ nung (°C) Kich thuéc tinh thé (nm)
1 400 21,9
2 500 24,9
3 600 24,9
4 700 31,2
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Hinh théi cu trac cua xuc tac ZnO nung & 400-700 °C duoc nghién ciru qua anh chyp
SEM, duoc thé hién trén Hinh 2. Hau hét cac hat déu c6 dang hinh cAu va roi rac. Ban dau, khi
nhiét d6 thip & 400 °C va 500 °C, cac hat hinh thanh rd rang va kha dong nhét, kich thudc hat
tir hinh anh chup SEM ciia cic mau nam trong khoang 20-50 nm. Tuy nhién khi 1én dén nhiét
d6 600 °C va 700 °C, hat c6 xu hudng dinh lai voi nhau va kich thudc hat to hon.

3.2. Hoat tinh quang xuc tac

Hiéu suit phan hay xanh methylen ciia cac mau ZnO theo nhiét d6 nung duoc biéu dién
trén Hinh 3. Qua trinh phan huy xanh methylen bang quang xtc tac dugc thuc hién trén cac hat
nano ZnO c6 kich thudc tinh thé khac nhau dé khao sat anh huong cia kich thude tinh thé dén
hiéu suét phan huy. Hiéu suit phan huy duoc tinh dua trén luong xanh methylen bi phan huy
trong vong 240 phit. Két qua cho thiy ring cac miu ZnO dugc nung & cac nhiét d6 400 °C,
500 °C, 600 °C va 700 °C dat hiéu qua phan huy twong ung 1a 95,1%, 90,6%, 83,4% va 75% sau
240 phut dué6i 4nh sang kha kién. RS rang, hoat tinh quang ctiia miu nung & 400 °C c6 gia tri cao
nhét 12 95,1%, két qua nay c6 thé 1a do kich thudc tinh thé nhé (21,9 nm), hon nita, anh SEM
cia mau ZnO nung & 400 °C cho théy cac hat co kich thudc nho va khong ¢6 su két tu. Theo do,
viéc nung & nhiét d6 400 °C da cai thién dién tich bé mat riéng clia mau va tao ra nhiéu vi tri hoat
dong, tir d6 thuc ddy phan Gmg xuc tac phan hity xanh methylen. Tuy nhién, khi ting nhiét do
nung 1én 500-700 °C, kich thuéc tinh thé tang 1én tir 29,4 -31,2 nm (Bang 1), déng thoi co su két
tu gitra cac hat nhu dugc thé hién trén Hinh 2 (b), (c) va (d). Viéc nay lam giam dién tich bé mit
riéng va lam giam su tiép xiic gitra Xic tac va dung dich xanh methylen, dan dén hoat tinh quang
clia Xc tac giam. Miac du, khi nung & nhiét d6 400 °C, mau ZnO c6 do tinh thé hoa khong cao
nhung dat dugce dén dién tich bé mat riéng cao. Diéu nay cho thay rang dién tich bé mit riéng Ia
yéu t quan trong dong vai trd quyét dinh trong phan tmg quang xuc tac phan huy xanh methylen
Tir day, nhi¢t d6 nung 400 °C duoc chon dé tong hop vét liéu ZnO. Cac cong trinh trén thé gisi
vé sy phan hay xuc tac quang cua vat licu ZnO dbi véi cac chat & nhidm trong nudc thai duoc
liét ké trong Bang 2. C6 thé thdy két qua nghién ciru ¢6 tinh so sanh véi cac nghién ciru trude vé
hoat tinh quang phan huy.
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Hinh 3. Anh huéng cua nhiét d6 nung mau ZnO dén su phan hiy xanh methylen
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Bang 2. Cac cong trinh nghién ciu trén thé gisi vé nano ZnO

) Kich thuge i Thoi gian | e ) qua
STT | Niam | Vatliéu | Chatd nhiém | tinh thé Ngudn sang chiéu xa m TLTK
(nm) (phut) 0
1 | 2021 | zno Meg}h"ee”e 12,5 Anh sang mat troi 180 91,4 [2]
2 2020 ZnO Rhodamine B 16 uv 160 95,4 [3]
3 | 2000 | zno Meg}{]"ee”e 19 Anhsangmattroi | 300 92 [1]
4 | 2018 | zno | Congored 18 | Mophonganhsang |5, 85 [5]
mat troi
5 2018 ZnO Titan yellow 52 Kha kién 60 96 [11]
Methyl
6 | 2017 | zno Orange 24 uv 100 81 [4]
7 | 2008 | zno-si | Methylene 32 uv 60 90 [12]
Blue
8 | 2022 | zno Xanh 21,9 Kha kién 240 95 | Baibao
methylen ' a xie alba
4. KET LUAN

Bai bao da tong hop thanh cong vat liéu nano ZnO bing phuong phap sol-gel. CAu tric
ddc trung cua vat liéu nano ZnO dugc xac dinh boi phuong phép nhiéu xa tia X (XRD) va kinh
hién vi dién tir quét (SEM). Ph XRD chimg t6 ring miu c6 cdu trac wurtzite v6i kich thude
tinh thé nano oxit kém trong khoang 22-32 nm. Cac hinh anh SEM cho thiy sy phan bd dong
déu cua cac hat nano. Hon nita vt liéu c6 hiéu qua cao trong quang xuc tac phan huy xanh
methylen dat hi¢u suét 95,1% sau 4 gio xir Iy dudi anh sang kha kién. Két qua thu duoc sé 1a
co s& dé phat trién cac chat xic tic quang nano ZnO tng dung trong xtr Iy méi trudng.
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ABSTRACT

PHOTOCATALYTIC DEGRADATION OF METHYLENE BLUE
USING ZINC OXIDE NANOPARTICLES

Ho Thi Ngoc Suong*, Nguyen Hung Thuy,
Nguyen Thi Thuy Linh, Nguyen Vien Tuong
Ho Chi Minh City University of Food Industry
*Email: suonghtn@hufi.edu.vn

Zinc oxide nanoparticles were synthesized by a simple sol-gel method with Zinc acetate
dihydrate as the precursor. The photocatalyst structure was characterized by X-ray diffraction
(XRD) and scanning electron microscopy (SEM). The catalyst was synthesized at 400-700 °C
calcination conditions, the results show that the zinc oxide nanocrystal size is 22 - 32 nm,
highly effective in photocatalysis, the decomposition of methylene blue. Their photocatalytic
activities for methylene blue degradation were evaluated in a batch reactor under simulated
visible light using a special 26 W compact lamp. The highest photocatalytic activity for methylene
blue degradation was observed at 400 °C, resulting in 95.1% photocatalytic degradation yield
after 4 h under visible light irradiations.

Keywords: Photocatalyst, ZnO, nanoparticle, sol-gel method, methylene blue.
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