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TOM TAT

Trong nghién citu nay, CuFe,04 dirgc tong hop
bang phiong phdp tao gel véi ho tinh bot & cac nhiét
do nung khdc nhau nham tao ra mét vat liéu xic tdc
maoi, viea co hoat tinh xuc tac quang Fenton hiéu qud,
vita c6 tir tinh dé cé dé dang thu héi va tdi sir dung
bang nam cham. Cau triic tinh thé, thanh phan pha,
hinh thdai, nhém chirc trén bé mdt, tw tinh cua cdc
mau xiic tic lan lwot dwgce khdao sat bang gian do
nhiéu xa tia X (XRD), anh kinh hién vi dién tir quét
(SEM), quang phé hong ngoai (FTIR) va phuwong
phap tir ké mau rung (VSM). Hoat tinh x(c tac quang

Fenton dwoc danh gia thong qua phan wng phan huy
methylene xanh dwdi dnh sing tir ngoai va kha kién
Véi tde nhdn oxy héa la HyOa Két qua cho thdy khi
nhiét do nung tang tir 700-900 °C, ham Ilwong pha
spinel tr phuwong CuFe;O4 tang cung voi kich thudc
hat va tir tinh. Chiing 16i ciing quan sdt thay cé su
thay déi ham leong ion Cu* trén bé mdt khi nhiét @6
nung thay déi. Giita cdc mau xic tdc, mau dwoc diéu
ché & 800 °C vira thé hién tir tinh tot, vira thé hién
hoat tinh xiic téc phdan hity methylene xanh manh nhdt
dudi cd 2 nguon sdng tir ngogi va kha kién.

Tir khéa: CuFe;0., sol-gel, hoé tinh bét, xuc tac quang Fenton

MO PAU

Trong mot thoi gian dai, quy trinh Fenton, dua
trén viéc str dung hdn hop dong thé dung dich mubi
Fe?*/Fe®* va tac nhan oxy hdéa H0,, [1, 2] d3 duoc
biét dén nhu mot giai phap trién vong cho viéc xir ly
c4c chat & nhiém hiru co, nhu pham nhugm, nhd vao
kha nang sinh ra cac gbc tu do hydroxyl c6 hoat tinh
oxy héa cao (1, 2). Bac biét, qua trinh nay con duoc
tang cudong khi hé xuc tac dugc chiéu xa anh séang
UV-kha kién [3], von dugc biét dén vai tén goi phan

ung photo-Fenton (3, 4). Tuy nhién, xuc tac photo-
Fenton ddng thé van con ton tai mot s6 han ché. Pau
tién, hau hét xtc tac dong thé déu khong thé thu hoi
duoc sau qué trinh xu ly. Thir hai, phan (ng photo-
Fenton thudng tao ra mot lwong I6n bun, tré thanh
ngudn & nhidm thir cip can phai tiép tuc duoc xu Iy.
Nhing diéu nay khién cho gia thanh cua quy trinh xi
ly nude thai dét nhuom bi tang cao [4].

Fe¥* + H,0, — Fe?* + HOO" + H* Q)
Fe?* + H,0, — Fe* + HO" + OH )
Fe** + HO + hv — 'OH + Fe?* + H* (3)
H,O; + Fe?* + hv — OH + «OH + Fe** (4)

Vi vy, nham khic phuc céc han ché trén, nhiéu
nghién ctru dd chuyén huéng sang xic tac photo-
Fenton di thé dua trén c4c hat nano oxide sat [5] véi
kha nang hoat dong trong vung pH rong, khong tao ra

bun thai thir cap. Mac di vay, kha nang thu hoi xdc
tac di thé dang bot van rat khé khin do kha niang phan
tan rong cua cac hat o cip do nano. Gan day, vat liéu
ferrite dang bot da duoc dé& nghi nhu mét chat xdc téc
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méi vira ¢ hoat tinh phan hay chit hitu co theo co
ché Fenton di thé, vira c6 tir tinh, c6 thé dé dang thu
hdi bang nam cham sau khi xir Iy [6-8]. Ching toi
cling da tong hop dong ferrite CuFe,0, tir tinh bang
phuong phap polymer hda tién chat nham nghién ctu
hoat tinh x{c tac Fenton di thé di vai viéc phan hity
phim mau methylene xanh [9]. Tuy nhién, theo tim
hiéu cua ching toi, cho dén hién tai van chua c6 bao
céo Vé viéc tong hop CuFe,04 nhu mot chit xdc tac
photo-Fenton di thé c6 tir tinh.

Chinh vi vay, trong nghién cttu nay, bot CuFe;04
tir tinh da dugc tong hop bang phuong phap sol-gel
véi su hd trg cua hd tinh bot ¢ nhiéu nhiét do khac
nhau. Hoat tinh x(c tac Fenton di thé, photo-Fenton
di thé lan luot duge danh gia théng qua phan tng
phan hiy methylene xanh trong béng téi, dugi anh
sang kha kién va ca dudi anh sang tir ngoai. Anh
huong cua nhiét d6 nung trong qué trinh didu ché dén
cAu tric tinh thé, nhém chirc bé mat, kich thude hat,
tur tinh va hoat tinh xtc tac cling dugc nghién ctu va
thao luan dudi day.

VAT LIEU VA PHUONG PHAP
Téng hop xiic tac

Cac mau xlc tac CuFe,04 duoc tong hop bing
phuong phéap sol-gel véi sy hd tro cua hd tinh bot
[10] & nhiéu nhiét do khac nhau. Cu thé, 200 mL
dung dich chaa Cu?* 0,4 mol.L* va Fe®* 0,8 mol.L?
dugc chuan bi tr cac mudi Cu(NO3)2.3H,O va
Fe(NO3)3.6H,0. Dung dich nay duoc tron véi 700
mL dung dich chtra ho tinh bot sao cho ty 1& s6 mol
Cu?*:Fe®*:CeH100s la 1:2:3. Hon hop dung dich duoc
khudy lién tuc & 60 °C trong vong 1 gid, rdi tiép tuc
khuay trong 3 gio & 80 °C d tao ra dung dich sol.
Dung dich sol nay dugc sy ¢ 150 °C trong vong 7
gio, thu duwoc mot hé gel. Sau d6 toan bd gel dugc
nung lan luot & 700, 800 hoic 900 °C trong vong 2
gio. Cudi cung, san pham duoc loc rira, tuyén tir va
sdy & 150 °C trong 1 gi¢r dé thu dwoc san pham xdc
tac cudi cung. Trong phan sau cua bai viét, cac mau
xdc tac lan luot duoc ki hiéu nhu sau CuFeO-700,
CuFe0-800 va CuFeO-900, twong tng va&i nhiét do
nung (700, 800, 900 °C) cua c4c mau.

Khao sat xuc tac

Cau truc tinh thé va thanh phan pha cua cac mau
xuc tac CuFeO dugc khao sat bang gian dd nhidu xa
tia X (XRD) trén may BRUKER-Binary V3 vdi tia
Cu Ko (A = 1,5406 A). Thé gia téc va cudong do dong
lan luot 1a 40 kV va 40 mA. Hinh thai bé mit cia cac
mau duoc danh gia thong qua anh kinh hién vi dién tur
quét (FE-SEM) chup trén may HITACHI S-4800 vai
thé gia toc 10 kV.

Cac nhom chuc trén bé mat cua cac mau xUc tac
cling duoc khao sét théng qua pho hong ngoai (FT-
IR) trong viing 4000-400 cm™ & nhiét do phong trén
quang pho ké Bruker VERTEX 70. Tur tinh cua vat
liéu duoc do bang tir ké mau rung (VSM) (Quantum
Design, America) ¢ nhiét d6 phong. Buong cong tu
tré duoc thiét lap véi tir trudng dao dong tir -16000
Oe dén +16000 Oe.

Hoat tinh xdc tac photo-Fenton

Hoat tinh x(c tac cua cdc mau CuFe;O; duoc
danh gia dya trén sy mat mau cua methylene xanh
(MB). Pau tién, 0,1250 g xtc tac va 10 mL H,0, dam
dic 30 % dwoc cho vao 250 mL dung dich MB (nong
d6 MB sau khi tron 1a 3x10° mol.L%). Hé huyén phu
dugc khudy déu bang may khudy truc duéi bic xa
kha kién (9W Osram Dulux s) hoic UVA (9W
Radium 78) hoic trong béng tbi. Sau mdi 15 phdt, 5
mL dung dich phan ung dugc rat ra, loai bo bot xic
tac bang nam cham va dwoc kiém tra nong do MB
con lai bang phé hip thu UV-kha kién ¢ budc song
664 nm.

Kha ning hip phu MB lén bé mat xtc tac ciing
dugc khao sat bang quy trinh twong ty nhu trén
nhung khong sir dung H,0; ciing nhu khéng chiéu
sang dung dich.

KET QUA VA THAO LUAN
CAu triic va hinh thai

Hinh 1 trinh bay phé XRD cua cac mau xdc tac
diéu ché so vai cac phd tham chiéu. Mau CuFeO-700
cO sy xuat hién cac mii tin hiéu dic trung cua pha
CuFe;04 ¢ ca hai dang la lap phuong (Fd3m, JCPDS
No. 77-0010) tai 26 = 30,22° 35,60° va ti phuong
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(141/amd, JCPDS No. 34-0425) tai 20 = 34,55°%
36,00° 54,07°. Bong thoi mau xdc tac nay chira hai
pha tap: hematite véi 26 = 24,15°, 33,16° (JCPDS No.
05-0661) va CuO vdéi 26=37,05°, 38,71° (JCPDS No.
86-0550). Thanh phan pha cua cac miu ciing dwoc
tinh toan va thé hién trong Bang 1. O nhiét do nung

800 va 900 °C, cac mau vat liéu gan nhu chi con chira
mot pha spinel tor phuong CuFe;04 (141/amd) véi 1
luvong nhé CuO (1-3 %), ching to ¢ nhiét do nung
cao, phan ung tong hop CuFe;O, dién ra hoan toan
hon.
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Hinh 1. XRD ctia cdc mau xuc tdc CuFeO-700, CuFeO-800, CuFe0-900

Bing 1. Thanh phin pha cua céc mau CuFeO-700, CuFe0-800, CuFeO-900

Pha Thanh phan %
CuFeO-700 CuFe0O-800 CuFe0-900
CuFe;04 (141/amd) 41,13 98,56 97,65
CuFe;04 (Fd3m) 4,86
Hematite (R-3c) 38,85
CuO (C2/c) 15,17 1,44 2,35

Két qua anh kinh hién vi dién tir SEM dugc thé
hién & Hinh 2. Céc mau xuc tac thu dugce déu & trang
thai da phan tan, co sy két dinh cac hat véi nhau, hat
xUc tac ¢6 bé mat nhan, it ghd ghé. Khi nhiét do nung
tang, kich thudc hat cling tang, tr khoang 100-200

nm (CuFeO-700) dén CuFeO-900 (300-500 nm).
Diéu nay c6 thé dugc giai thich do khi ting nhiét do
nung, qua trinh thiéu két tang nén kich thudc hat tang.
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Hinh 2. Anh kinh hién vi dién tir quét (SEM) ctia cac mau xdc tac: (A) CuFeO-700, (B) CuFe0-800, (C) CuFeO-900

Tir tinh

Bang 2 trinh bay cac gia tri tir d6 bdo hoa (Ms),
do tir du (MR) va luc khang tir (Hc) cua cac mau do
bang phuong phéap tir ké miu rung. Cac gia tri cho
thiy ca ba mau déu thé hién dac tinh sat tir dic trung.
Khi nhiét d6 nung ting, gia tri Mg vd Ms tang trong
khi Hc giam. Sy bién thién cua céc thong sé tir tinh
nay co thé duogc giai thich thong qua két qua thanh
phan pha va hinh thai bé mit cua cac mau. Mau
CuFeO-700 c6 ham lugng pha CuFe;O4 tir phuong
chi chiém 41,13 %, con lai la cac pha tap chit khong
c6 tr tinh (Hematite va CuO) hoic tir tinh yéu
(CuFe;04 lap phuong) khién cho Ms va Mg ctia mau
nay nho nhat. Cac mau diéu ché ¢ nhiét do nung cao

hon ¢6 ham lugng pha CuFe,0, tr phwong gan nhu
tuyét d6i, dong thoi ¢ kich thudc hat 16n, lam cho
kich thugc cadc domain tur tang 1én, tir d6 gia ting tu
tinh cua vat liéu. Ngoai ra, khi tang nhiét d6 nung, do
tinh thé hoa ciia mau xuc tac tang 1én, lam vat lidu c6
it khuyét tat nén tir tinh d& chuyén dong theo tur
truong bén ngoai, khién do khang tir giam dan. Tu
cac két qua nay nhan thay rang, mau CuFeO-800 va
CuFe0-900 cd luc khang tir He nho, tir d6 bdo hoa
Ms 16n nén thich hop dé lam vat li¢u xuc tac tir tinh,
c6 thé thu hdi bang nam cham. Vi vay chon s& nghién
cttu nhém chac bé mat va hoat tinh xdc tac Fenton
cling nhur photo-Fenton ctia hai mau x(c tac nay.

Bing 2. Thong sé tir tinh cua cac mau CuFeO-700, CuFeO-800, CuFe0-900

Sample bokhangtt Do trdu Mg Tu d6 béo hoa
Hc (Oe) (emu/g) Ms (emu/q)
CuFe0O-700 1096,57 9,371 18,211
CuFe0-800 1010,23 13,353 25,836
CuFe0-900 684,26 15,027 29,016

Nhém chirc trén bé mat

Cac nhém chac trén bé mat cia 2 mau xdc tac
CuFe0-800 va CuFeO-900 dugc khao st bing FTIR
(Hinh 3). Trong ving 400600 cm™, ca hai mau déu
thé hién 2 peak doc lap véi cuong do 16n, trong do
peak tai khoang 600 cm™ 1a dao dong cua lién két My
dien—O, peak tai khoang 400 cm™ 1a dao dong cua lién
két Mbat dien — O [11, 12]. Dac biét, khi nhiét ¢ nung
tang tir 800— 900 °C, sb séng cua peak dao dong My

dien —O giam tir 595 cm™ dén 593 cm't, ddng thoi peak
ciia dao d6ng Mgt gien —O ciing giam tir 418 cm® dén
416 cml. Mot cach téng quat, khi nguyén tir khdi cua
mot nguyén to tang thi hang sé lyc dao dong giam,
dan dén tan s6 hap thu dao dong giam. Piéu nay cho
thiy khi tang nhiét d6 nung mau tir 800 °C I&n 900 °C
thi ciing lam gia ting sy xuat hién cua ion Cu?* trong
16 trong bat dién va 15 trong tir dién vi Cu ning hon
Fe.
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Hinh 3. Phd FTIR cua cac mau xuc tdc CuFeO-800, CuFeO—900

Hoat tinh xvc tac

Hai mau xuc tac CuFeO-800 va CuFeO-900 lan
lIuot dugc khao sat hoat tinh théng qua phan (tng phan
hiy MB véi H20; dudi birc xa UV, biic xa kha kién
(photo—Fenton) va trong bong téi (Fenton). D4 thi
bién didn duong In(C/Co) theo thoi gian (C 1a nong do
MB tai thoi diém t va Co 12 ndng d6 ban dau cia MB)

cho thiy qua trinh phan huy MB trén cac mau xdc tac
tuan theo dong hoc gia bac 1 (Hinh 4). Vi vay hoat
tinh cac miu co thé duoc so sanh théng qua gia tri
hang s6 téc do phan ung k (h'). Bang 3 trinh bay gia
tri k ciia cac mau xuc tac & cac diéu kién thi nghiém
khac nhau ciing nhu % MB hip phu cuc dai trén bé
mat xuc tac.

2.0 CuFeO-900
CuFeO-800
CuFeO-900-VIS
CuFeO-800-VIS
CuFeO-900-UVv

CuFeO-800-UV

1.8

1.6

*%E000

1.4 H
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Time (h)

Hinh 4. Buong biéu dign hoat tinh x(c tac giam cdp MB: In(Co/C) theo thai gian trén 2 mau xdc tac CuFeO-800 va CuFeO-
900 & cac didu kién khong chiéu sang, chiéu anh séng kha kién (VIS) va chiéu anh sang tir ngoai (UV)
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Bang 3. So sanh % MB hip phu & thoi diém can bang va hing s6 toc do phan Ung giam cép MB ¢ cac diéu kién khéng chiéu
sang, chiéu anh sang kha kién va chiéu 4nh sang tir ngoai UV trén 2 méu xiic tic CuFe0-800 va CuFe0-900

My % MB ip phy Héng sO toc do giam cap MB (Y
’ Khong chicu sang  Buc xa kha kien  Buc xa UV
CuFeO-800 2,95 0,196 0,615 0,869
CuFeO-900 1,86 0,131 0,441 0,673

Theo nghién ctu cta nhdm tac gia Ramankutty
va Sugunan [13], hoat tinh x{c tac cua vat liéu spinel
phu thudc vao loai ion chiém vj tri 16 trong bét dién,
Vi 16 tréng bét dién thuong chiém wu thé trén bé mat
cua cau trac spinel. Mat khac theo Melero [14], CuO
c6 hoat tinh xdc tac manh hon Fe,0s. Két qua FTIR
cho thay khi thay d6i nhiét d6 nung tir 800 °C 1&n 900
°C, ham lwong ion Cu?* trong ca hai loai 16 tréng
tang, lam gia ting lugng ion Cu®* trén bé mat vat liéu,
dung ra s& khién cho hoat tinh xuc téc cia mau
CuFe0-900 I6n hon CuFeO-800. Tuy nhién, trong tat
ca cac diéu kién, mau CuFeO-800 ludn thé hién hoat
tinh cao hon mau CuFe0-900. Mot diéu can luu y 1a
thanh phan pha cua hai miu tuong déng nhau. Nhu
vay, su vuot troi vé hoat tinh cia mau CuFeO-800 c6
thé duoc giai thich thong qua kich thudc hat xtc tac.
Anh chup SEM cho thdy mau CuFeO-900 (300-500
nm) co kich thudc hat 1on gap doi so véi mau
CuFe0O-800 (200-300 nm). Nhiét @6 nung cang cao,
quéa trinh thiéu két didn ra cang manh, khién kich
thudc hat cang 16n, do d6 lam giam dién tich bé mat
riéng, kéo theo viéc giam sb tam hoat tinh trén bé mat
x(c tac, dan dén lam giam hoat tinh xdc tac.

Sharma [15] ting dé nghi qué trinh xuc tac phan
hay chat hitu co bang CuFe;O4 c6 thé théng qua 1
trong 2 con duong: (i) CuFe;O4 dugc kich thich dudi
anh sang tir ngoai, sinh ra dién tir va 16 trng quang
sinh, 16 tréng s& phan tng véi nhém HO™ trén bé mat
xuc tac dé tao ra goc ty do HO®, con dién tir quang
sinh ciing s& tac dung véi H20; dé tao ra gbc tu do

HO?®, (ii) H.0, phan ng véi thanh phan Fe(lll) trén
bé mat dé sinh ra gbc tu do HO® theo co ché cua xuc
tac Fenton di thé. Zhang ciing cho rang ngoai Fe(lIl),
thanh phan Cu(l/Il) trén bé mat CuFeO; c6 thé phan
tng véi H0, dé sinh ra géc tu do HO® [16]. Trong
nghién cttu nay, ching tdi nhan thay cac mau CuFeO-
800 va 900 van c6 hoat tinh xGc tac phan huy MB
trong bong téi, didu nay cé thé dugc giai thich thong
qua co ché Fenton di thé (khdng chiéu buc xa) ma ¢
d6 ham luong Cu?* va Fe3* trén bé mat s& tuong tac
voi H0, dé sinh ra HO®. Khi chiéu buc xa kich
thich, hoat tinh cua cac mau xic tac dugc ting cudng
(tir 3-4,5 lan), trong d6 birc xa UV gia ting hoat tinh
manh hon 4nh sang kha kién, chiing t6 ton tai mot co
ché khac gitp day manh hoat tinh xdc tac. Mac du
vay, ca hai miu xtc tac déu khong thé hién hoat tinh
phén huy MB dudi &nh séng kich thich khi khéng co
su hién dién cua H,0,, cho thiy vai trd quan trong
cia H202 nhu mot chét kich thich sinh ra gc ty do
HO® ciing nhu ching to co ché dau tién ma Sharrma
dé nghi khong phu hop véi cac mau xlc tac cua
chling t6i. Bén canh d6, ca hai mau xc tic CuFeO—
800 va CuFeO-900 du hip phu khong dang ké MB,
gilp cho H,0, c6 thé tiép xuc voi bé miat xic tac
CuFe;04 d& dang. Tir nhitng két qua trén, ching toi
cho ring co ché cua qua trinh photo-Fenton trén
CuFe;04 c6 thé xay ra tuong ty nhu xic tac photo-
Fenton dong thé, chi khéc 1a cac qué trinh phan g
oxy héa khur xay ra trén bé mat rén cua xdc tac di thé
(5-8).

=Cu®*patdien + H20 + hv — 'OH + =Cu*paaien + H* (5)
H20; + =Cu'bsrdien + hv — OH™ + *OH + =Cu?"ps dicn (6)
=Fe**padgien + H20 + hv — "OH + =Fepydicn + H* @)
H20; + =Fe®vsdicn + hv — OH + OH + =Fe**uu dien 8)
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Nhu vay, CuFe;O4 hoan toan c6 thé 1a mot xuc
tac photo-Fenton di thé mai ,vira c6 hoat tinh xc tac
cao, vira c6 thé dé dang thu hoi biang nam cham.

KET LUAN

Trong nghién ctru nay, chiing t6i di tong hop xdc
tac photo-Fenton di thé méi, dua trén vat ligu tir tinh
CuFe;04 bang phuong phap sol-gel ¢ su hd trg cua
ho tinh bot. Nhiét do nung mau trong phwong phép
diéu ché dugc nhan thdy c6 anh huong 16n dén thanh
phan, tinh chat va hoat tinh xuc tac. Khi nhiét do

nung mau tang tir 700-900 °C, thanh phan pha spinel
tr phuong CuFe,04 ting, dan dén sy gia tang tir tinh
cia cac mau. Tuy nhién nhiét d6 nung qué cao s& lam
gia tang kich thuéc hat, khién dién tich bé mat hat
giam, két qua la hoat tinh xtc tac giam. Vi vay, mau
xtic tic diéu ché & 800 °C thé hi¢n hoat tinh Fenton va
photo-Fenton cao nhit dbi véi phan ung phan hiy
methylene xanh trong bong téi, dudi &nh sang kha
kién va dudi anh sang tir ngoai.

Preparation of magnetic photo-Fenton
catalysts based on CuFe204 by the starch-

assisted sol-gel method

e Quan Gia Co
e Le Tien Khoa
University of Science, VNU-HCM

ABSTRACT

In this study, CuFe,Os was prepared by the
starch-assisted sol-gel method at various annealing
temperatures in order to create new photo-Fenton
catalysts which present high catalytic activity and are
easy to be separated from the reaction solution owing
to their high magnetic properties. The phase
composition, morphology, surface groups and
magnetic properties of CuFe,O4-based catalysts were
characterized by XRD, SEM, FTIR and VSM,
respectively. Their photo-Fenton activity was
evaluated via the degradation of methylene blue
under UV and visible irradiation with H,O, as an

oxidizing agent. The results indicated the increase of
CuFe;04 tetragonal spinel content with the enhanced
particle size and magnetic properties when the
annealing temperature was increased from 700-
900°C. We also observed the evolution of surface
Cu?* content with the modification of annealing
temperatures. Among prepared catalysts, the sample
annealed at 800 °C showed both high magnetic
properties, which allows us to easily separate the
catalysts from the reaction solution by a magnet, and
high photo-Fenton catalytic performance under both
UV and visible light.

Key words: CuFe;0s, sol-gel method, starch, photo-Fenton catalysis

TAI LIEU THAM KHAO

[1]. HJ.H. Fenton, Oxidation of tartaric acid in
presence of iron, J. Chem. Soc. 65, 899-910
(1894).

[2]. F. Haber, J. Weiss J., The catalytic
decomposition of hydrogen peroxide by iron
salts, Proc. Roy. Soc. A 147, 332-343 (1934).

[31]. R.G. Zepp, B.C. Faust, J. Hoigne, Hydroxyl
radical formation in aqueous reactions (pH 3-8)
of iron (1) with hydrogen peroxide: the photo-
Fenton reaction, J. Environ. Sci. Technol. 26,
313-319 (1992).

Trang 108



TAP CHi PHAT TRIEN KH&CN, TAP 20, S0 T5- 2017

[32]. Y.Y. Zhang, J.H. Deng, C. He, S.S. Huang,
S.H. Tian, Y. Xiong, Applications of Fe;V4013 as
a new multi-metal heterogeneous Fenton-like
catalyst for the degradation of organic pollutants.
Environ. Technol. 31, 145-154 (2010).

[33]. E. Expésito, C.M. Sanchez-Sanchez, V.
Montiel, Mineral iron oxides as iron source in
electro-fenton and photoelectro-fenton
mineralization processes, J. Electrochem. Soc.
154, E116-E122 (2007).

[34]. A.S. Albuquerque, M.V.C. Tolentino, J.D.
Ardisson, F.C.C. Moura, R. Mendonca, W.A.A.
Macedo, Nanostructured ferrites: Structural
analysis and catalytic activity, Ceram. Int. 38,
2225-2231 (2012).

[35]. K. Yan, X. Wu, X. An, X. Xie, Facile
synthesis and catalytic property of spinel ferrites
by a template method, J. Alloys Compd. 552,
405408 (2013).

[36]. Y. Wang, H. Zhao, M. Li, J. Fan, G. Zhao,
Magnetic ordered mesoporous copper ferrite as a
heterogeneous  Fenton catalyst for the
degradation of imidacloprid, Appl. Catal. B 147,
534-545 (2014).

[37]. H.T. Dang, T.M.T. Nguyen, T.T. Nguyen,
S.Q. Thi, HT. Tran, H.Q. Tran T.K. Le,
Magnetic CuFe;O4 prepared by polymeric
precursor method as a reusable heterogeneous
Fenton-like catalyst for the efficient removal of
methylene blue, Chem. Eng. Commun. 203,
1260-1268 (2016).

[38]. D. Visinescu, C. Paraschiv, A. lanculescu,
B. Jurca, B. Vasile, O. Carp, The
environmentally benign synthesis of nanosized
CoxZn;<Al,Os blue pigments, Dyes and
Pigments 87, 125-131 (2010).

[39]. R.K. Selvan, C.0. Augustin, L.J.
Berchmans, R. Saraswathi, Combustion synthesis
of CuFe;04. Mater. Res. Bull. 38, 41-54 (2003).

[40]. P. Laokul, V. Amornkitbamrung, S.
Seraphin, S. Maensiri, Characterization and
magnetic properties of nanocrystalline CuFe;QOs,
NiFe204, ZnFe,0,4 powders prepared by the Aloe
vera extract solution. Curr. Appl. Phys. 11, 101-
108 (2011).

[41]. C.G. Ramankutty, S. Sugunan, Surface
properties and catalytic activity of ferrospinels of
nickel, cobalt and copper, prepared by soft
chemical methods, Appl. Catal. A 218, 39-51
(2001).

[42]. J.A. Melero, G. Calleja, F. Martinez, R.
Molina, Nanocomposite of crystalline Fe,O3 and
CuO particles and mesostructured SBA-15 silica
as an active catalyst for wet peroxide oxidation
processes, Catal. Commun. 7, 478-483 (2006).

[43]. R. Sharma, S. Bansal, S. Singhal, Tailoring
the photo-Fenton activity of spinel ferrites
(MFezQ4) by incorporating different cations
(M=Cu, Zn, Ni and Co) in the structure. RSC.
Adv. 5, 6006-6018 (2015).

[44]. X. Zhang, Y. Ding, H. Tang, X. Han, L.
Zhu, N. Wang, Degradation of bisphenol A by
hydrogen peroxide activated with CuFeO;
microparticles as a heterogeneous Fenton-like
catalyst: Efficiency, stability and mechanism,
Chem. Engineer. J. 236, 251-262 (2014).

Trang 109



