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SUMMARY
GREEN SYNTHESIS OF ZnO AND COFe,O, NANOMATERIALS AND EVALUATION
OF THEIR PHOTOCATALYTIC PERFORMANCE IN DEGRADATION OF
METHYLENE BLUE IN WATER

ZnO and CoFe;O, nanoparticles were successfully synthesized by green synthesis using lime juice extract at
the annealing temperature of 500°C. XRD analysis confirmed that the obtained materials exhibited single-
phase crystalline structures, with crystallite sizes of 13.9 nm (ZnO) and 10.0 nm (CoFe,0.). SEM and EDX
analyses revealed spherical morphologies and elemental compositions consistent with their stoichiometric
formulas. UV-Vis DRS studies indicated that ZnO primarily absorbs ultraviolet light (<400 nm), while
CoFe,0, exhibited significant visible-light absorption. Bandgap energies determined via Tauc plot method
were 3.11 eV (ZnO) and 2.12 eV (CoFe,0,). Photocatalytic degradation of methylene blue achieved
efficiencies of 64.2% (ZnQO) and 85.3% (CoFe,0,) after 180 minutes of irradiation.

Keywords: Green synthesis, ZnO nanoparticles, CoFe,O,, photocatalysis, methylene blue degradation.

1 MO PAU plvn_l, khong p}iéi xu li thém, mirc ti€u thu
) . nang luong thap,...[4-7].
Trong cac chat hitu co gdy 6 nhiém moi
truong nudc, thuéc nhuém thudc nhém
cac chat hitu co kho xur |i bang phuong
phap thong thuong vi chung bén trong su
c6 mat cua anh sang, tac nhan oxi hoa [1,
2]. C6 nhiéu phuong phap duogc sir dung
dé loai bo chat hiru co kho bi phan huy
nhu trao ddi ion, két tiia, hap phuy, thim
thau,... [3]. So vdi cac phuong phap xir li
thong thuong, cong nghé quang xtuc tac
¢6 nhiéu vu diém nhu d& dang lip dit,
hoat dong & nhi€t d0 moi truong, cod thé
sir dung oxi khong khi dé oxi hoa cac chit
6 nhiém hiru co, khong sinh ra phin tng

Cac oxide kim loai ban dan kich thudc
nano, dic biét 1a ZnO, thu hit duoc nhiéu
sy quan tdm nghién ctu trong linh vuc
quang xuc tac xir I chat mau hiru co trong
nudc nhd do nhay sang cao, khong ddc,
chi phi thip va than thién méi truong [8-
10]. Véi su da dang vé thanh phan, cdu
tric cling nhu kha nang tng dung, spinel
ferit MFe,O4 (M = Mg, Mn, Co, Ni, Cu,..)
ciing thu hat dwoc nhidu sy quan tim
nghién ctru [11]. Trong ho vat liéu ferit,
CoFe;0O4 c6 kha ning thay thé cho kim
loai quy dé lam xuc tac hoa hoc va quang
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xuc tac xir |i cac chat mau hiru co trong
nude [12]. Vat liéu nano CoFe,04 thé
hién tir tinh manh, than thién véi moi
truong Va ¢ nhiéu vu diém vuot troi hon
so véi cac loai nano oxide sit nhd tinh
chit hoa Ii on dinh, it bi oxi hoa, tinh di
hudng cao,...[13-15].

Hién nay c6 rat nhiéu phuong phap trong
viéc tong hop vat liéu nano néi chung va
vat liéu ZnO, CoFe;04 nodi riéng, co thé
ké dén nhu phuong phap hoa hoc, phuong
phap vat li va phuong phap sinh hoc [16].
Tuy nhién, phan 16n cic phuong phéap
truyén thong, dic biét 1a cac ky thuat hoa
hoc wét, thuong yéu cau st dung nhiéu
loai hoa chat, dung moéi hitu co hodc tac
nhan phan tng c6 chi phi cao va tiém an
nguy co gay doc hai cho méi truong ciing
nhu stic khoe con nguoi [17-20]. Tong
hop xanh sir dung ngudn ty nhién c6 sin
tir thuc vét hodc chiét xuét tir cdc thanh
phﬁn cua thuc vat (la, vo, qua,...) co
nhiéu vu diém nhu khong doc (non-toxic),
than thién moi trudng, chi phi thap,..[17-
21]. Nho @6, phuong phap nay dang duoc
uu tién trong nghién clu ché tao vat liéu
nano cho cac ung dung trong xur li moi
truong, y sinh va ndong nghiép.

Trong bai bido nay, vat liéu nano ZnO,
CoFe,;0, dugc téng hop sir dung nudc ép
chanh xanh. Cac dac trung cua vat li€u
dugc xac dinh bang cac phwong phap
phan tich hoa li hién dai. Kha nang xu li
methylen blue (MB) ctia cac vat liéu cling
dugc danh gia.

2. THUC NGHIEM

21. Héa chit

Cac hoa chit dugc s dung trong quéi
trinh tong hop va danh gia hoat tinh
quang xUc tac cua vat liéu nano ZnO,
CoFe,0, c6 xuit x@ Trung Qudc va &
dang tinh khiét phan tich. Gom cac hoa
chat ¢ bang 1.

17

Bang 1. Cdc hod chat sir dung trong qud trinh
thuc nghiém

STT | Tén hoa chét Cong thirc
Zinc nitrate
! hexahydrate Zn(NO3),.6H,0
Cobaltous
2 nitrate Co(NO;),.6H,0
Iron nitrate
3 nonahydrate Fe(NO5);.9H,0
ic aci CH5;COOH 36%
4 Acetic acid (Gnng dich)
; NH; 25-28%
5 Ammonia (dung dich)
6 Urea (NH,),CO
Methylene
! B|ﬁe C16H1gN3SCI.3H,0
22.  Quy trinh tong hop

Chanh xanh (Citrus aurantifolia) dugc
mua & chog, sau khi dugc rira sach va boc
vo, duge ép ldy nudc cbt, ly tim va loc
qua gidy loc thu duoc nudc ép chanh.

Lay 10 mL dung dich Zn(NO3); 1M cho
vao coc thuy tinh, thém tiép 20 mL nudc
ép chanh va 30 mL nudc cat. Khudy tir
hén hop ¢ nhiét dd 70 — 80 °C dén khi thu
duoc gel. Sy kho mau gel va nung mau &
nhi¢t do thich hop thu dugc vat liéu nano
Zn0.

Qué trinh tong hop vt liéu nano CoFe,04
tuong tu nhu tong hop vat liéu ZnO: Tron
dung dich Co(NOgz); 1M voi Fe(NOs)s
IM theo ty 1& thé tich 1:2. Lay 10 mL
dung dich hdn hop hai mubi kim loai cho
vao cdc thuy tinh, thém tiép 20 mL nudc
ép chanh va 30 mL nu6c cit. Khudy tir
hén hop & nhiét d6 70 — 80 °C dén khi thu
dugc gel. Sy kho miu gel va nung miu &
nhié¢t do thich hop thu duogc vat liéu nano
CoFe,04.

2.3.  Cac phuong phap dac trung

Vat liéu sau khi téng hop duoc dac trung
bang cac phuong phap: Nhidu xa tia X
(XRD) duoc ghi trén thiét bi D8
Advance —Bruker birc xa Cu Ko, A =
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1,5406 A & nhiét d6 phong, goc quét 20 =
10+70; Anh SEM ciia vat liéu dugce do
trén may HITACHI S-4800; Phé tan xa
nang lugong tia X (EDX) dugc ghi trén
thiét bi HORIBA 7593-H duoc lap trén hé
SEM HITACHI S-4800; Phé phan xa
khuéch tan tir ngoai kha kién dugc ghi
trén  thiét bi Cary 5000 UV-Vis-NIR
Spectrophotometer (Agilent) véi  budc
song tir 200-800 nm, toc d6 quét 300
nm/phut.

24. DPanh gia kha nang xw i
methylene blue trong méi truwong nwéc

Thuc nghiém danh gia kha nang xu li
methylene blue (MB) trong nudc dugc
tién hanh ¢ hai diéu kién: trong bong t6i
va chiéu sang bang dén Halogen (500W)
cd budc soéng chu yéu tir 400-790 nm
[22]. Lay 0,1 gam cac chat xuc tac (ZnO,
CoFe,04) va 50 mL MB 15 ppm cho vao
cde 100 mL, khudy tir hdn hop trong bong
t61 hodc chiéu sang (trudc khi chiéu sang
hén hop dugc khudy tir 60 phat trong
bong t6i dé dam bao can bang hap phy) ¢
nhi¢t do phong, sau moi khoang thoi gian,
ldy ra 5 mL mau dung dich, li tdm rdi do
mat do quang cua dung dich thu dugc tai
Amax = 665 nm. Tu s li€éu mat do quang
do dugc va dir liéu duong chuan, tinh hiéu
sudt xir i MB theo cong thuc:

H:(COC;“).wO%

o
Trong do:
Co: nong do MB tai thoi diém t=0 phut.
C,: ndng d6 MB tai thoi diém t phut.

3. KET QUA VA THAO LUAN

3.1. Tong hop va dic trung cia vat liéu
nano ZnO

Két qua phan tich nhidu xa tia X (XRD)
ctia cac mau gel ZnO dugc diéu ché bang
tong hop xanh nung & cic nhiét do khac
nhau chi ra ¢ hinh 1.
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Hinh 1 chi ra vat liéu ZnO dugc nung &
300 °C dd c6 su xudt hién cua cac pic
nhiéu xa, ngoai pha chinh ZnO, sy xuat
hién cua pic ¢ 20~ 18,5° chi ra pha tap
chat. O mau diéu ché ¢ nhiét 46 nung 400
°C, cac pic nhiéu xa ctia ZnO c6 ccuong do
16n hon, pic cta pha la bién mit va mau
thu dugc 12 don pha. O nhiét d6 nung 500
°C, pha tinh thé duoc hoan thién voi
cuong do céac pic cao hon ¢ 20 = 31,8°,
34,4°, 36,4°, 47,8°, 56,7°, 62,8° va 68,2°
dugce gan cho cac ho mit phang tinh thé
(100), (002), (101), (102), (110), (103) va
(112) ctia pha ZnO wurtzite (JCPDS s
36-1451) twong tmg [23]. O ving nhiét do
nung 600-800 °C, cac pic cao hon va c6
su dich chuyén vé goc 20 nho hon. Ngoai
ra, khong c6 sy xuét hién cua bit ky pha
nao khac chtng to rang vat liéu tong hop
¢ nhiét do cao la don pha. Khi tdng nhiét
do, cuong do cua cac pic tang cho thdy su
cai thién vé d6 tinh thé hoa cua cac miu
da tong hop [24].

Counts
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400°C
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11 |||,‘.D,m 555555 .
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Hinh 1. Gidn dé nhiéu xa tia X ciia cdc mau gel
Zn0O nung ¢ cac nhiét do khdc nhau.
Phuong trinh Debye-Scherrer dugce su
dung dé xac dinh kich thudc tinh thé D

(nm) cta vat liéu ZnO [23]:

K2

~ B cosb
Trong do: K 1a hé s6 hiéu chinh c6 gia tri
0,9; A (1,5406 A) 1a bude séng cia bic Xa
Cu Ka; B l1a FWHM cua pic cao nhat
(101) va 6 1a goc nhieu xa Bragg cho cung
mot dinh.
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Trong cau tric hexagonal cua ZnO,
khoang cach gilra cac mat phang dy, lien
quan dén cac hang s6 mang a, ¢ va chi sb
Miller theo moi quan hé sau [25]:

- (hz+k2+hk)+{)2
dhk{,’ 3a 3a?

Céac mit phang (002), (100) dugc chon dé
tinh hiang sb mang. Hang s6 mang (a, c),
thé tich 6 mang co s& (V) va khdi luong
riéng cua tinh thé (p) duoc tinh toan tir dix
liéu XRD theo cac biéu thirc sau [25]:

,4d2
a = —3())01 Cc = 2d002
\/_ nM
V="d% p=—
NV

Trong d6 M 1a khéi lugng mol phén tur
ctia chat (81,38 g/mol ddi véi Zn0O), n 1a
s6 don vi cong thirc trong 6 don vi (n =2
d6i véi ZnO) va N 1a sb Avogadro
(6,022.10% mol™).

Bdng 2. Kich thuée hat tinh thé, hang sé mang (a,

¢), thé tich 6 mang co sé (V) va khoi heong riéng
(p) cua vat liéu nano Zn0O.

Kich Héng b mang
Nhiét do | thude ( A) : V( A3) (
nung (°C) | hat (nm) cm3
a c
300 6,5 - - - -
400 11,2 (3,2359| 5,1913 | 47,07 | 5,74
500 13,9 |(3,2413| 5,2036 | 47,35 | 5,71
600 18,8 |3,2430| 5,2044 | 47,40 | 5,70
700 21,6 |(3,2438|5,2051 | 47,43 | 5,70
800 32,3 |3,2468| 5,2087 | 47,55 | 5,68
Zno (
JCPDS 3,249 | 5,2060 |47,5920| 5,68
36-1451)

Bang 2 liét ké kich thuéc hat tinh thé,
hang s6 mang (a, c¢), thé tich 6 mang co s&
(V) va khéi luong riéng (p) thu duogc tir
dit liéu nhiu xa tia X. C4c gia tri tinh
toan clia cac tham sé mang ciia miu tong
hop phu hop véi mau chuan ZnO (JCPDS
36-1451, a = 3,2490 A, ¢ = 5,2060 A).
Bang 2 cho thy kich thudc hat tinh thé
tang theo nhiét d§ nung gel. Nguyén nhan
14 & nhiét d6 cao cac tinh thé ZnO d& dang
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bi két tu lai v6i nhau tao thanh tinh thé c6
kich thuge 16n hon [26]. Ngoai ra, viée
tang nhiét do nung gel lam tang hang s6
mang (a, ¢), thé tich 6 mang co s& (V) do
kich thugc tinh thé ting. Pong thoi, khoi
lwong riéng cua tinh thé (p) giam xudng.

Duya trén dit liéu kich thudc tinh thé trinh
bay trong bang 2 va phd nhidu xa tia X &
hinh 1, nhi¢t do nung 500 °C duoc lya
chon dé téng hop vat liéu nano ZnO trong
cac thi nghiém tiép theo. Tai nhiét d6 nay,
pha tinh thé ZnO d3 hoan thién véi kich
thude hat tinh thé trong d6i nho thudn loi
cho phan trng quang XxUc tac.

Hinh thai hoc cua vat liéu ZnO va phé
EDX ctia mau ZnO nung & nhiét do 500
°C duoc trinh bay ¢ hinh 2. Quan sat thiy
cac hat nano ZnO (hinh 2a) c¢6 kich thudc
hinh ciu, cac hat phan bd twong d6i déng
déu, bé mit chta céac khoang, hdc. Kich
thudc hat trung binh cia ZnO udc tinh
theo SEM trong khoang 10-20 nm phu
hop vé6i két qua phan tich nhiéu xa tia X.

Element Atomic%
Zn K

OK

Weight%
81.28

51.51

18.72 48.49

12 3 s 2 13
Fut Scule 4468 cty Cursar 17 ‘san e

Hinh 2. Anh SEM (a) va phé EDX (b) ciia mdu
ZnO diéu che ¢ nhiét do nung 500 °C

Phén tich phé EDX (hinh 2b) cua vat liéu
ZnO xuat hién cac pic ddc trung ciia Zn
va O, thanh phan phan trim vé sd nguyén
tr cua cac nguyén td Zn, O trong vat li¢u
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ZnO lan luot 1a 51,51% va 48,49% phi
hop v6i cong thirc hop thirc cia mau va
dicu kién tong hop vat liu.

Két qua phéan tich nhidu xa tia X, anh
SEM va phé EDX cho thay vat liéu nano
ZnO di dugc tong hop thanh cong bang
phuong phap tong hop xanh.

3.2. Tong hop va dic trung cia vat liéu
nano CoFe;O4

(220)
422)
(511)
{440)

(222)
[
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T T T T
10 20 30 40 50 60 70
2Theta

Hinh 3. Gidn do nhiéu xa tia X cia cac mdu gel
CoFe 04 nung o cac nhiét do khac nhau

Vat liéu nano CoFe,O4 duoc téng hop
bang phuong phap téng hop xanh. Phan
tich nhiéu xa tia X cua cac mau gel nung
¢ cac nhiét do khac nhau dugc trinh bay ¢
hinh 3. Mau nung & 300 °C chi ra vat liéu
cht yéu & dang vo dinh hinh. Mau nung ¢
400 °C xuét hién cac pic dic trung cia
pha CoFe,04. Mau nung & 500 °C, cac pic
duoc hinh thanh r0 rang ¢ 20=18,3°,
30,2°, 35,4°, 43,1°, 53,5°, 57,0° va 62,6°
twong ng voi cac ho mit phiang (111),
(220), (311), (400), (422), (511) va (440)
ctua pha CoFe,O4 (JCPDS 22-1086) [27].
Ngoai ra, khong quan sat thdy bat ky pha
tinh thé nao ching té vat liéu CoFe,04
duoc tong hop 1a don pha. Cudng d6 cac
pic dac trung cua pha CoFe;O,4 tang lén
dang ké khi nhiét d6 nung tang tir 400 1én
700 °C, két qua nay bét ngudn tir qua trinh
hinh thanh céc tinh thé c6 kich thuée 16n
hon (hat vat li¢u cang 16n, cuong do pic
cang cao). Vat liéu nano CoFe,O, diéu
ché & nhiét d6 nung 400 va 500 °C c6 pic
thap va ti hon chimg t6 cc hat nano c6
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kich thudc nho. Nhigt do nung 500 °C
duoc Iuva chon (7ié tong hop vat li€éu nano
CoFe;04 bang tong hop xanh.

Spinel CoFe,04 c6 cau trdc lap phuong,
hang s6 mang (a), thé tich 6 mang co so
(V) va khéi luong riéng cua tinh thé (p)
cua vat liéu CoFe,O4 nung ¢ cac nhiét do
khac nhau dugc tinh theo cong thirc [28]:

0 = dyy VIZF KT 2

V =a3
_nM
P="Nv

Trong d6, n = 8 d6i véi ferit spinel khéi
lap phuong, M la khdi luong mol phan tir,
N 1a s6 Avogadro (N=6,022.10 Zmol ).

Két qua xac dinh kich thudc hat, hing sé
mang, thé tich 6 mang co s va kh01
luong riéng cia tinh thé ciia cic méu
nung ¢ cac nhiét do khac nhau duogc chi ra
& bang 3. Két qua (bang 3) chi ra nhiét do
nung anh hudéng dén kich thuéc hat va
thong s6 mang tinh thé. Khi nhiét d6 nung
tang, kich thudc hat tinh thé, hing s
mang, thé tich 6 mang co s& tang va khéi
lugng riéng cua tinh the giam xuong. CaC
thong s6 mang cua mau phu hop véi mau
chuan CoFe,04 (JCPDS 22-1086).
Bang 3. Kich thuoc hat tinh thé, hang so”"mang
(a=b=c), thé tich 6 mang co sé (V) va khoi luong
riéng (p) cua vat lieu nano CoFe,0y.

Kich . .
Nhiét d§ nung| thwéc | Hang so 3 g
(c) # hat mz.mgg A) V(&) p(cm—3)
(nm)
300 - - -
400 8,1 8,3304 | 578,09 5,39
500 10,0 | 8,3349 | 579,03 5,38
600 14,9 | 8,3530 | 582,81 5,35
700 28,6 | 8,3666 | 585,67 5,32
CoFe,0O4
(JCPDS 22- 8,3920 | 591,01 5,27
1086)

Hinh thai hoc va phé EDX cua vat liéu
CoFe;0O4 nung & nhi?t do 500 °C dugc
trinh bay & hinh 4. Anh SEM (hinh 4a)
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chi ra mau CoFey04 co kich thudc hat
dong déu vao khoang 10-15 nm, bé mit
vat liéu co ciu trac xOp véi cac khoang,
héc phi hop cho xuc tac xtr Ii chit hitu co
trong nudc. Két qua anh SEM va phd
nhiéu xai tia X cho théy vat liéu nano
CoFe;04 di duoc tong hop thanh cong
bang phuong phap tong hop xanh.

Két qua phan tich phé EDX ciia CoFe;0y
(hinh 4b) cho thiy sy ton tai cac nguyén
t6 Co, Fe va O trong mau, va thanh phan
phan trim vé s6 nguyén tir cua cic
nguyén t6 Co, Fe va O trong vat liéu lan
luot 12 16,02%; 32,06% va 51,92% phu
hop v6i cong thirc hop thirc cua vat licu
va diéu kién tong hop mau.

IMS-NKL 5.0kV 6.1mm x150k SE(M)

Flement | Weight®s | Atomic%
oK | 23 | 5192

FeK | 5022 | 3206

CoK 26,48 16,02

Hinh 4. Anh SEM (a) va phé EDX (b) ciia mdu
CoFe,0, diéu ché 6 nhiét dé nung 500 °C

3.3. Pho hap thu UV-Vis-DRS va kha
niang xir [i MB ctia cac vit liéu

Phé hip thu tr ngoai — kha kién
(UV-Vis—DRS) duoc st dung dé dénh
gia tinh chat quang ciia cac vat liéu tong
hop. Két qua phd hap thy UV-Vis-DRS
(hinh 5a) cho thay, ZnO chil yéu hap thy
anh sang trong vung tir ngoai, tuong Ung
v6i1 vung anh sang c6 bude song dudi 400
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nm. Vit liéu CoFe;O4 c6 kha nang hép
thy 4nh sang trong ving kha kién. Gia tri
ning lugng ving cdm cla cac vat licu
tong hop duoc xac dinh dua trén két qua
do UV-Vis-DRS, su phu thudc ciia (aE)?
theo ning luong anh sang hap thu cia vat
li¢u theo phuong phép Tauc. Gia tri nang
lugng vung cAm cla cac vat lieu ZnO,
CoFe;04 dugc xéc dinh lan luot 1a 3,11 va
2,12 eV.

Hiéu suat xir li MB cta cac mau ZnO,
CoFe,04 theo thoi gian duogc bicu dién &
hinh 5b. Hinh 5b cho thay trong diéu kién
bong t6i (khong chiéu sang) cac vat ligu
thé hién kha ning hap phu MB. Kha ning
hap phu MB ciia CoFe;O, va ZnO tuong
ung 1a 23,2% va 20,1%.
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Hinh 5. Phé hap thu UV-Vis DRS (a) va hiéu sudt
xu li MB ciia cdc vt liéu ZnO va CoFe,04 (b).

Trong diéu kién co chiéu sang, trudong
hop khong cé xtic tac, hicu suét xir i MB
thap. Khi c6 mit xuc tac quang ZnO,
CoFe,0; hiéu suét xir i MB dat duoc 1a
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64,2 va 85,3% sau 180 phiit chiéu sang.
Hiéu suét xtr i MB cua CoFe,04 cao hon
7ZnO ¢6 thé do CoFe,0y4 c6 kha nang hép
thu 4nh sang ving kién cta dén halogen
t6t hon ZnO.

Viéc dé xuét co ché quang xuc tac co thé
giai thich kha nang xtr 1i MB cuia cac vat
lidu tong hop. Qua két qua nghién ctru va
tham khdo cac cong trinh nghién cuu,
chung t6i dua ra co ché phan huy quang
xuc tac xur li MB trén cac vat liéu duogc
téng hop nhu sau:

Céc hat nano hap thu anh sang c6 ning
lwong dii 16n 1am cho electron chuyén tir
vung hoa tri (VB) sang dung dan (CB) tao
ra cip 15 trdng/electron (h*/e™). Sau dé,
h* & ving VB phan tmg voi HyO dé tao
ra H*va OH", va e~ ¢ vung CB phan ting
v6i 0, dé tao ra 05 . Cudi cung, cac goc
OH'va 05 tuong tac v&i phan tir thudc
nhuom MB va phén hay nd thanh
C0,, H,0 va cac san pham khac.

Co ché quang xuc tac phan huy MB trén
hé vat liéu co6 thé dugc mod td qua cac
budc va so do sau:

Vat li€u nano ZnO/CoFe,04 +
—ht+e”

h* +H,O0 - H* + OH
e_+02—>0'2_

OH', 05 + MB — CO; + H,0 + san phdm
khac

hv

‘eele, MO
maEeee c
02

Chiéu séng E
0 MB

(CoFex0) s 0+ H20 + San phdm khéc

I Y

h*h*h* h* H;0

Dua trén co ché quang xuc tac, CoFe,O4
cho hiéu qua xir 1i MB t6t hon ZnO do
CoFe,04 ¢6 kha ning hap thy anh sang kha
kién tao ra nhiéu gdc tu do hon (OH' va
O,") c6 tac dung chinh trong phan hily MB.
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4. KET LUAN

Vat liéu nano ZnO va CoFe,0, da dugc
tong hop thanh cong bang tong hop xanh
st dung nude ép chanh & nhié¢t d6 500 °C,
kich thuéc hat tinh thé cia ZnO va
CoFe,0, lan Iugt 14 13,9 nm va 10,0 nm.
Phan tich nhiéu xa tia X xac dinh ZnO c6
cAu trac wurtzite, spinel CoFe,0, co cAu
trac lap phuong. Anh SEM cuia cac vat
liéu cho thdy cac hat hinh cau phan bd
ddng déu. Pho tan xa khuéch tan tr ngoai
- kha kién (UV-Vis-DRS) x4c nhin ZnO
chu yéu hép thy anh sang tir ngoai (buoc
séng <400 nm), trong khi CoFe,0, thé
hién kha ning hap thy anh sang kha kién.
Gid tr1 nang luong vung cam xac dinh
bang phuong phap d6 thi Tauc lan luot 13
3.11 eV (Zn0O) va 2.12 eV (CoFe,0,),
phii hop vé6i dic tinh hap thu quang hoc
cua turng vat liéu.

Thi nghiém quang xuc tac danh gia hi¢u
sudt xtr 1i MB cho thdy, sau 180 phit
chiéu sang bang deén halogen, hiéu suét
dat 64,2% (ZnO) va 85,3% (CoFe,0,).
Vit liéu nano CoFe, 0,4 cho hiéu qua xur i
MB cao hon ZnO do kha ning hip thu
anh sang kha kién t6t hon. Co ché phan
huy quang xtc tac MB trén h¢ vat liéu
téng hop dugc d& xuit, cac gbc tu do
(OH" va O,") dugc tao thanh tir cap dién
ta-16 tréng (e™-h*) sinh ra nho kha ning
hép thu anh sang cua vat liéu c6 tac dung
phan huy MB.

Nghién ciru cho thdy tiém ning tng dung
ctiia phuong phap tong hop xanh st dung
nuGe ép chanh trong tong hop vat lidu
nano gép phan giam thiéu sir dung hoa
chét dc hai.

Loi cam on: Cong trinh nay dugc tai tro
boi Bo Giao duc va Dao tao Viét Nam
theo d¢ tai ma s6 B2024-TDV-10.

Cam két: T6i xin cam doan day 1a cong
trinh cia nhom tac gid va chua gui dang
ndi dung nay ¢ bat ky tap chi nao.
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