Tap chi phan tich Héa, Ly va Sinh hoc - Tdp 31, Sé 2A/ 2025

NGHIEN CUU TONG HQP NANO ZnFe,0, BANG PHUONG PHAP
SOL-GEL CITRATE UNG DUNG LAM XUC TAC PHAN HUY
CHAT MAU HU'U CO DUGI BUC XA MAT TROI

Pén tda sogn: 21-05-2025

Lé Hai Pang', Tran Pic Anh?, Vi Viét Doanh?

'Khoa Ho4 hoc, Triong Pai hoc Sie pham Ha Ngi

2Khoa Duor, Truong Dai hoc Kinh doanh va Céng nghé Ha Ngi

*E-mail:vuvietdoanh.hnue@gmail.com

SUMMARY

STUDY ON SYNTHESIS OF NANO ZnFe,0O, BY SOL-GEL CITRATE METHOD
APPLIED AS A CATALYST TO DECOMPOSE ORGANIC PIGMENTS UNDER SOLAR
RADIATION

In this study, nano spinel ZnFe,O, was synthesized by the sol-gel citrate method. The structural,
morphological, optical, and photocatalytic properties of ZnFe,O4 were studied. X-ray diffraction (XRD)
analysis showed that the ZnFe,O, powder was polycrystalline in nature. Scanning electron microscopy
(SEM) images confirmed that the synthesized particles were nanoparticles with sizes ranging from 25 to 30
nm. The band gap energy (Eg) of ZnFe,0,was determined to be 1.93 eV at room temperature. ZnFe,O,
exhibited the ability to absorb visible light and functioned as an efficient photocatalyst for the degradation
of methylene blue. Moreover, the material demonstrated good reusability and could be easily recovered

using an external magnetic field.

Keywords: Spinel ZnFe,0y,, sol-gel citrate, methylene blue, photocatalytic activity.

1. MO PAU

Trong nhimg nim gan day, quang XUcC tac
trén co so s dung cac oxide ban dan
duoc biét dén nhu 13 mot cdng nghé xanh
trong xir Iy nugc 6 nhidm chat mau hiu
co [1]. Vat liéu tir tinh ¢6 ciu trdc spinel
ZnFe,0, voi wu diém noi bat nhu ving
cam hep (~1,9 eV), kha ning hip thu
manh anh sang vuing kha kién, d6 6n dinh
cao, than thién vai méi truong, da dang
phuong phép téng hop va chi phi thap da
dugc chitng minh ¢6 hiéu qua trong tng
dung quang xuc tac di thé phan huy chat
mau hiru co [2-9]. Ngoai ra, nho cé tu
tinh nén ZnFe,04 c6 thé duoc thu hdi
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bang tr trudng ngoai va tai st dung [2].
Hon thé nita, cac hat tir tinh ZnFe,O4
cling ¢6 hoat tinh gidng nhu peroxidase
noi tai, cd thé phan tng véi H,0, dé tao
ra goc tu do "OH, tir 46 nang cao hiéu suat
xt ly chat mau hitu co [9-11]. Hién nay,
mot sé phuong phap dwoc st dung dé
t6ng hop ZnFe,0, bao gdbm: dong két tua,
thuy nhiét, sol-gel, vi nhii twong, dung
mdi nhiét [10, 12] va phuong phap hoa
hoc xanh sir dung chiét xuat tir thuc vat
[13-15].

Trong bai bao nay, hat nano spinel

ZnFe,04 duoc tong hop bang phuong
phap sol-gel citrate va nghién ctru hoat
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tinh quang xdc tac phan huy chat mau
methylene blue dudi bic Xa mat troi,
trong dicu kién c6 mat H,O,.

2. THUC NGHIEM
2.1. Tong hop vat liéu

Hoa tan hdn hop gom 14,54 gam iron(I11)
nitrate nonahydrate (Fe(NOz3)3.9H,0),
526 gam zinc nitrate hexahydrate
(Zn(NOs3),2.6H,0) va 34,02 gam citric acid
monohydrate (C¢HgO7.H,O) trong dung
dich chra 20 mL nudc cat va 30 mL
ethylene glycol (C,HgO,). Hon hop dugc
gia nhigt 1&n 80 °C va khuay lién tuc véi
tbc do 400 vong/phut trong 3,0 gio den
khi thu dugc gel. Ly mot luong nho mau
gel dé phan tich nhiét, phan con lai sdy u
& 120 °C trong 12 gio dé loai bo dung
moi, thu dugc xerogel. Trén co s& phép
phan tich nhiét, miu xerogel dugc nghién
va nung ¢ nhiét do thich hgp trong moi
truong khong khi véi tée do gia nhiét 10
°C/phiit dé tao ra san pham ZnFe,0,.

2.2. Xac dinh dic trung ciu tric va
tinh chat

Nhiét d6 nung duoc xac dinh dua vao két
qua phan tich nhiét (TGA/DTA) trén may
DTG-60H-Shimadzu. Phd nhidu xa tia X
(XRD) dugc thyc hién trén may
D8Advance, K,(Cu), A =1,5414 A véi goc
quay 26 = 10° dén 70°. Phé hép thu hdng
ngoai (FT-IR) duoc ghi trén thiét bi quang
phé hong ngoai bién d6i Nicolet iS10.
Hinh thai hoc va thanh phan hoa hoc dugc
xac dinh bang thiét bi SEM S-4800. Ning
lugng ving cam (E,) dugc xac dinh bang
phd phan xa khuéch tan tir ngoai-kha kién
(DRS: UV-Vis) sir dung thiét bi Jasco-
V670. Tinh chét tir caa vat liéu dugc xac
dinh bsi hé do tr ké miu rung
Microsence EZ9.

2.3. Thir hoat tinh quang xuc tac

Diéu kién thu hoat tinh quang x(c tac cua
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cac ngay thi nghiém duoc tién hanh dudi
anh sang tu nhién trong khung gio 11 +
14h, nhiét do 28 + 30, do am 33 + 35%,
chi sb tia UV 7 = 8, mat d6 may che phu
37 + 52%.

Khao sat anh huong caa khéi lwong xdc
tac ZnFe,04; Thuc hién lan luot véi cac
coc chira 0, 50, 100 va 150 mg mau va
100 mL methylene blue (ki hiéu la MB)
nong d6 10 mg/L, khudy hdn hop trong
bong téi 30 phut véi tée ¢ 200 vong/phut
dé dat can bang hap phu. Tiép tuc khuiy
va phoi hé phan ung dudi anh sdng mat
troi, cir sau 30 phut 1y ra 4 mL dem li
tam, loai bo chat rin va léy dung dich
dem do quang & budc song 664 nm dé xac
dinh ndng d6 MB con lai.

Khao sat anh huong cua su ¢ mat HyO,:
Chuan bi 4 céc chira 100 mL dung dich
MB néng do 10 mg/L va 100 mg mau
ZnFe;04, khudy trong bong téi 30 phut dé
dat can bang hap phu. Thém tiép lan luot
0 mL 0,05; 0,10 hoac 0,15 mL H,0; 30
%. Hon hop dugc khudy véi téc do 200
vong/phtt va phoi dudi anh sang mat troi,
ctr sau 30 phut léy 4 mL dem li tam, loai
bo chat ran, 1iy dung dich dem do quang
& bude song 664nm dé xac dinh ndéng do
MB con lai.

Hiéu suat phan hay MB duoc tinh theo
cong thuec:

Hoe = o= S 10006 = A=A (1)
CO

Xac dinh hiang sb téc do cua phan tng

theo phuong trinh gia dong hoc bac 1.

LAYy

C
In=2=In
t

(2)

Trong d6: Co (Mg/L) 1a ndng do cua dung
dich MB ban dau tng véi gia tri mat do
quang Ao; C; (mg/L) 1a néng d6 cua dung
dich MB tai thoi diém t phit tng véi gia
tri mat d6 quang A:.
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3. KET QUA VA THAO LUAN

3.1. Pic trung ciu tric va tinh chit caa
vat ligu

Hinh 1a la gian d6 phan tich nhiét
TGA/DTA cua mau gel ZnFe,Oy4, do tur
nhiét d6 phong dén 700 °C va téc do gia
nhiét 10 °C/phdt. Quan sat duong TGA
cho thdy sy giam khéi luong trong 2
khoang nhiét do 30 - 200 °C va 200 - 450
°C. Theo d6, khoang thir nhat twong tng
V&1 qua trinh bay hoi cua nudc va dung
moi hiru co da str dung khi tong hop vat
ligu, d6 giam khdi luong dugc xéac dinh 1a
20,877%. Khoang tht hai c6 d6 giam khoi
luong 66,045%, dong thoi trén duong
DTA xuit hién hai dinh cuc dai tai 270,37
°C va 318,74 °C, ing véi qua trinh chay va
phan huay gel. Khi nhiét d6 16n hon 450 °C
khéi lugng mau gan nhu khong thay doi.
Piéu nay cho phép du doan, & nhiét do trén
450 °C, sy hinh thanh tinh thé ZnFe,O, s&
thuan loi. Tir két qua phan tich nhiét va
bang thuc nghiém, mau spinel ZnFe,04 da
duoc tao ra khi nung u xerogel & 500 °C
trong 3 gio.

Két qua do nhiu xa tia X ctia mau vat
liéu sau nung u dugc dua ra & Hinh 1b. S6
liu cho thdy, ché @6 xir Ii nhiét 1a pho
hop nén da thu dugc ZnFe,O4 don pha vai
c4u trac ferit spinel nhu mong doi, Voi su
Xuit hién cua cac dinh nhidu xa dic trung
(111), (220), (311), (222), (400), (422),
(511), (440). Tir &6 ma rong nira vach phd
cua dinh nhiéu xa (311), tinh dugc kich
thugc trung binh cua tinh thé theo cong
thirc Debye-Scherrer 1a ~ 24 nm.

Hinh 1c 1a anh SEM caa mau vat liéu.
Quan sat anh cho thay céc hat duoc hinh
thanh trong vt liéu c6 dang twa cau, c6
kich thudc tir 25 dén 30 nm, twong doi
phi hop véi két qua thu dugc tir phd
nhiéu xa tia X.

Quan sat pho tan xa nang luong tia X
(EDX) ¢ Hinh 1d thay xuat hién day du

cac peak dic trung cua cac nguyén tb
trong mau (Zn, Fe, O) va khong thay xuat
hién peak ctia nguyén t6 la. Ty I& mol
giita nguyén t6 Zn va Fe phl hop Vi ti l¢
da str dung khi tong hop.
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Hinh 1. Gian d6 phén tich nhiét (a), gian do
XRD (b), anh SEM (c) va pho EDX (d) cua
mau ZnFe,0,
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Hinh 2a la két qua pho phan xa khuéch
tan tir ngoai - kha kién cua cac mau vat
lisu. Gia tri ning lugng ving cam (Eg)
dugc tinh theo céng thuc:

E, = 1240
A

max

(ev) ©)
Trong d6 Amax 12 budc séng hap thu cuc
dai cua mau, duge xac dinh tur giao diem
gitra duong tiép tuyen vai bo hap thu va
truc hoanh.

Két qua thu duoc Eq cua mau 1a 1,93 eV.
Nhu vay, mau vat liéu ZnFe,O4 ¢ kha
nang hap thu birc xa mat troi dé thuc hién
phan g quang xuc tac.

Két qua xac dinh tinh chat tir cua vat liéu
ZnFe,04 trong vung tu truong ngoai -11
dén 11 kOe duoc dua ra & Hinh 2b. Gié tri
tir d6 bdo hoa Ms tai 300K cta mau 13 6
emu/g, pht hop cho kha ning thu hdi xuc
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tac bang tir truong ngodi sau qua trinh
quang xuUc tac.

3.2. Hoat tinh quang xuc tac cia vat
liéu
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Hinh 3. Hiéu suat phan huy MB (a) vd phirong
trinh déng hoc (b), khi sur dung lurong ZnFe,04
khéc nhau

Hinh 3a 1a két qua nghién ctu anh huong
cua lugng xdc tac dén hiéu suat phan huy
MB. Khi tang khdi lugng xdc tac tir 0 dén
100 mg thi hiéu suat phan hay MB sau
180 phut ting tir 16,8% lén 37,2%. Nhu
vdy, trong cung diéu kién vé nong d6 MB
va thoi gian phan ang, khi khéi luong vat
licu ting s& lam ting sb lwong tdm xlc
tc, dong thoi dudi birc xa mat troi s& 1am
tang s6 lwong hat electron va 15 tréng (e
va h") trén vat liéu, dan den lam tang toc
d6 phan @ng sinh ra cac goc tu do "OH, tir
d6 hiéu suat phan hiy MB ting. Tuy
nhién, khi luong vat liéu ting tir 100 dén
150 mg, hiéu suat phan hay MB giam, chi
con 32,3%. Nguyén nhan cé thé 1a khi
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lugng xtic tdc vuot ngudng nao do6 sé can
tré sy hap thu birc xa mat troi clia cac tim
hoat dong trén vat li¢u, lam can tro hoat
dong cua tam xUc tac, dan dén hiéu suat
phan ng phan huy giam.

Su phu thudc caa In(Cy/Cy) vao thoi gian
khi luong mau ZnFe,O, khac nhau duoc
thé hién trong Hinh 3b. Két qua cho thay
su tuyén tinh gitra gié tri In(Co/Cy) va thoi
gian t, hé s6 hdi quy r* = 1, chiing to phan
Gtng phan hay MB c¢6 chit xdc tac
ZnFe,0,4 da tuan theo phuong trinh dong
hoc bac nhit, twong tu két qua nghién ctu
cua Guangren Qian va cong su [4]. Gia tri
hiang s6 toc do6 phan tng cua mau
ZnFe,04 ing Vvai cac khéi lugng 0, 50,
100 va 150 mg Ian Iuot 12 0,00096 phit™
0,00174 phat*; 0,00221 phat™ va 0,00164
phat®. Khéi lugng vat lieu ZnFe,O, la
100 mg cho hiéu suat phan hiy va hang
s6 toc dd cao hon nén duoc chon cho
nghién tiép theo vé anh huéng cua sy co
mat H,0,.

Hiéu suat phan hay MB khi chi sir dung
ZnFe,04 trong nghién ctu nay van con
thap, moét phan do thi nghiém quang xc
tac dugc thuc hién dudi anh sdng mat troi
ty nhién c6 cudong do buc xa khdng 6n
dinh, dac biét chiu anh huong bai mat do
may che phu. Bén canh do, su tai t6 hop
nhanh cua céc cap electron - 13 tréng ciing
lam giam hiéu qua tao gbc tu do. Vi vay,
dé nang cao hiéu suit quang xuc téc,
H,0, da duoc bd sung vao hé quang xc
tac nham dong vai tro chat nhan electron,
gop phan han ché qua trinh tai t6 hop
e” /h* va tao thém gdc tu do "OH.

Hiéu suat phan huy MB st dung 100 mg
ZnFe,04 va lugng H,O, khac nhau theo
thoi gian duoc biéu thi trén Hinh 4a. Két
qua cho thay, khi c6 H,0, thi hiéu suét
phan huay cao hon va ting khi ting thé tich
H,0; da dung. Khi tang lugng H,0; tic 1a
tang luong chat sinh ra gbc ty do "OH
theo co ché Fenton di thé [7], gbc "OH 1a
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tac nhan phan huy manh chit MB. Két
qua sau 180 phdt, hiéu suat phan hiy 100
mL MB 10 mg/L cua 100 mg ZnFe;O4
khi thém 0 mL, 0,05 mL, 0,1 mL, 0,15

mL HyO, lan luot la 37,2%, 54,9%,
73,7%, 86,8%.
100
(a) —=—(mL
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Hinh 4. Hiéu suat phan huy MB () va phwong
trinh dong hoc (b), khi s dung ZnFe,0, va
lrong H,0, khac nhau

Phan tng phan hay MB khi sir dung thém
H,0; ciling tuan theo phuong trinh dong
hoc bac nhat. Gia tri hang s6 téc do phan
tng lan Iuot 13 0,00221 phat?; 0,00388
phat?; 0,00690 phat’; 0,01089 phat?,
tuong Gng voi thé tich H,0, sir dung 12 0
mL; 0,05 mL; 0,1 mL; 0,15 mL H;0,
(Hinh 4b).

Mau ZnFe,O4 sau khi str dung 1am quang
xuc tac dd dugc thu hdi bang nam cham,
say kho va tai str dung. Két qua ¢ Hinh 5
cho théy, sau 5 1an thi nghiém trong ciing
diéu kién, hoat tinh quang xdc tac cua
mau ZnFe,04 giam nhung khong dang ké.
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Hinh 5. Hiéu sudt phan huy MB khi si dung
ZnFe,04 va H,0, trong 3 gio sau 5 lan tai si dung

V6i kha nang quang xuc tac dudi &nh
sang mat troi, ¢6 thé tai sir dung nhiéu 1an
va dé dang thu hoi bang tir truong ngoai,
cling véi hiéu suat phan huy MB duoc cai
thien khi két hop voi H,O, vat ligu
ZnFe,0, téng hop bang phuong phap sol-
gel citrate cho thay tiém nang ung dung
thuc tién trong xir Iy céc chat mau hiru co.

4. KET LUAN

Str dung phuong phap sol-gel citrate da
ché tao thanh cong vat liéu ZnFe,04 dang
bot. Cac dac trung co ban cua vat liéu da
duoc khao sat. Vat lidu c6 cau tric spinel,
cac hat nano dang tua cau véi kich thugc
khoang 25-30 nm, ty 1& nguyén té
Zn*/Fe** phu hop voi ti 16 dua vao khi
tong hop vat liéu. Phé DRS cho thay vat
liéu c6 kha nang hap thu manh btrc xa mit
troi, Egla 1,93 eV.

Hoat tinh quang xuc tac phéan huy MB
dudi buc xa mat troi da dugc nghién cau.
Ket qua cho thay thoi gian, khéi lugng
MAau va su ¢6 mat cua H20; c6 anh hudng
truc tiép dén hiéu suat phan huy MB.
Hiéu suat phan huy 100 mL MB 10 mg/L
dat 86,8% khi st dung 100 mg ZnFe,04
va 0,15 mL H,0,. Qué trinh phan huy MB
tuan theo phuong trinh dong hoc bac 1.
Vit liu ZnFe,04 c6 tir tinh nén c6 thé thu
hoi bang tr truong ngoadi. Vat liéu
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ZnFe;04 ¢ kha nang tai sir dung nhiéu
lan.
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