Tap chi Phdt trién Khoa hoc va Céng nghé - Khoa hoc Tu' nhién, 5(3):1316-1325

Open Access Full Text Article

Bai nghién ciiu

Nghién ctiu tdng hop, dic trung va danh gia hoat tinh xuc tac
quang-Fenton ctia hé xuc tac di thé ¢6 ti tinh CuFe,0,/Fe,0;

Phan Van Hung'-2, Tran Thi Thu Uyén'-?, Lé Tién Khoa'?"*

P

AN
E‘%’ e ]

Use your smartphone to scan this

QR code and download this article

'Khoa Héa hoc, Trudng Dai hoc Khoa
hoc Ty nhién, TPHCM, Viét Nam

’Dai hoc Quéc gia Thanh phé H6 Chi
Minh, Viét Nam.

Lién hé

Lé Tién Khoa, Khoa Hoa hoc, Trusng Bai hoc
Khoa hoc Tu nhién, TPHCM, Viét Nam

Bai hoc Quéc gia Thanh phé HO Chi Minh,
Viét Nam.

Email: Itkhoa@hcmus.edu.vn
Lich st

e Ngay nhén: 09-3-2021

e Ngay chép nhan: 31-5-2021
o Ngay dang: 04-6-2021

DOI :10.32508/stdjns.v5i3.1037

| '.) Check for updates

Ban quyén

© DHQG Tp.HCM. Dy la bai bdo cong bé
ma& dugc phat hanh theo cac diéu khoan cla
the Creative Commons Attribution 4.0

"\_

VNU-HCM Press

International license.

h

TOM TAT

Trong nghién ctiu nay, cac hat nano Fe;O3 dugc gan két 1én bé mat bot ti tinh CuFe,O4 bédng
phuong phép ngdm tdm — phan hiy nhiét don gidn & nhiéu nhiét d6 nung khac nhau (200, 300,
400 va 500°C) nham tao ra nhiing hé xuc tac quang-Fenton di thé mdi vai hoat tinh xuc tac dugc
tang cudng. Anh hudng clia nhiét do nung dén thanh phan pha, hinh thai bé mat va cac nhom
chtic bé mat clia xuc tac lan lugt dugc danh gia thong qua cac ky thuat XRD, FE-SEM va FTIR. Hoat
tinh xUc tac theo ca ché quang-Fenton dugc danh gia thong qua phan tng xU ly giam cap pham
nhudém methylene xanh véi HyC,04 déng vai tro la tac nhan tao goc tu do. Két qua cho thay cac
hat nano Fe, O3 da dugc gan két thanh cong 1én bé mat CuFe; Oy, khdng chi gitip hinh thanh pha
tinh thé a-Fe, O3 trong thanh phan pha clia cdc mau ma con gilp gia ting ham luong Fe3t trén
bé mat vat liéu, qua dé nang cao hoat tinh xtc tdc quang-Fenton. Ngoai ra, nhd s hiiu thanh phan
CuFe,04 ot tinh tét, cadc mau xuc tac CuFe, O4/Fes O3 con cé thé dé dang dugc thu hoi sau phan
g, gilip viéc ing dung cac san pham xuc tac nay tré nén kha thi hon trong thuc té. Trong s6 cac
mau xuc tac, mau CuFe,O4/Fe 05 dugc nung & 300°C thé hién cac gid tri hang sé téc do phan tng
cao nhat & ca hai vung buc xa UVA va kha kién. Hoat tinh cia mau nay dugc tim thay gap 6,8 lan
mau CuFe,O4 dudi anh sang UVA va gap 2,1 l1an mau CuFe;O4 dudi anh séng kha kién. Tuy nhién,
khi nhiét d6 nung tdng Ién 500°C, hoat tinh xuc tac cé khuynh hudng gidm, do su gia tang kich

thudc hat va su bén hoa lién két Fe-O trén bé mat xuc tac.
Tu khoa: xUc téc quang-Fenton, hat tU tinh, Fe203, CuFe204, methylene xanh

GIOI THIEU

Xt ly nude thai cong nghiép, dic biét la nudc thai
dét nhudm ludn 1a thach thic 16n véi nhiéu nha khoa
hoc trén thé€ giGi khi ma céc phan t phdm nhuém
hiiu co doc hai nhu methylene xanh thudng rit bén
trong nudc, khong thé bi phan hay béi cic phuong
phap xtt Iy sinh hoc, héa Iy théng thudng 2. Chinh
vi vy, nhiéu nha khoa hoc da d€ nghi stt dung cac
quy trinh xtc tac oxygen hda nang cao, trong d6 quy
trinh Fenton dua trén tic nhin oxy héa H,O, va hé
xuc téc dong thé Fe3t/Fe?t dugc thita nhan rong rai
¢6 thé dat dugce do hiéu qua cao, du d€ ting dung vao
thuc t€. Hon nita, hoat tinh xtc tdc Fenton con c6 thé
dugc tang cudng khi xic tac nay dugc két hop véi cac
ngudn anh sang ti ngoai-kha kién, tao thanh nhiing
hé xtc tac quang-Fenton . Tuy nhién, cc ion xuc tic
Fe3*/Fe’T tan trong nudc nén rit kho dugc tach ra
khoéi dung dich sau phan ting. Mudén thu hoi xuc tac,
ngudi ta can st dung mot lugng kiém 16n dé€ két taa
hoan toan sét tan trong nudc, dan dén nguy co sinh ra
mot lugng 16n bun do, cé kha ning that thoat va gay
6 nhiém moi trusng». Ngoai ra, pH t5i uu ctia quy
trinh Fenton va quang-Fenton déng thé thuong tit 3

trd xudng, doi hoi dung dich nudc thai phai dugc bd
sung nhiéu acid d€ c6 thé giam pH hiéu qua.

Dé vugt qua nhiing khé khin nay, nhiéu nghién ctu
da dugc tién hanh nham phat trién cic hé xuic tic
quang-Fenton di thé méi, thi du nhu cic hé xic
téc quang-Fenton dya trén vét liéu a-Fe;03%7. Cu
thé, nhom nghién ctu ctia Guo di phét trién thanh
cdng hé xic tac composite Fe, O3-kaolin v6i kha nang
phén hay hiéu qua phdm nhuém rhodamine B theo
co ché€ quang-Fenton dudi dnh sdng kha kién trong
khoang pH trai dai tu 2,21 dén 10,138, He va cac
cong su ciing da tdng hgp thanh cdng vt liéu nano -
Fe; O3 véi cdu tric khoang rong nhdm tGng dung lam
xuc tdc quang-Fenton di thé cho phén ting phan hay
ph&m nhuém rhodamine B. Gén day hon, nghién
ctiu ciia Domacena ciing cho thdy hoat tinh xtc tac
ctia 0-Fep O3 ¢6 thé dugc diéu khién thong qua hinh
thai cta vat liéu. Khi stt dung phu gia phu hgp, o-
Fe; 03 ¢6 thé dugc diéu ché dudi hinh dang nhu con
nhim, v6i dién tich bé mat riéng 16n, qua d6 giip nang
cao kha ning phan htty ph&m nhuém methyl cam '°.
Mic du ¢6 nhiéu trién vong ting dung, cic hé xic tac
dua trén a-Fep O3 trén hau nhu déu & dang bot min,
dé c6 thé tach xuc tac ra khoi dung dich sau phan

Trich dan bai bao nay: Hung P V, Uyén T T T, Khoa L T. Nghién citu téng hgp, dic trung va danh gia
hoat tinh xuic tic quang-Fenton ctia hé xtic tac di thé cé turtinh CuFe,0,4/Fe;05. Sci. Tech. Dev. J. - Nat.

Sci.,; 5(3):1316-1325.
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tng, can phai st dung cac ky thuét loc va ly tam phtic
tap, tiéu ton thoi gian ciing nhu gép phan day gid
thanh xt Iy Ién cao. Chinh vi vdy, trong nghién ctiu
nay, ching t6i da phat trién mot hé xtc tdc quang-
Fenton di thé méi bang viéc gin két cic hat nano
Fe, O3 1én bé mit bot tii tinh CuFe; 04 thong qua qua
trinh ngdm tdm - nung & nhiéu nhiét d6 khac nhau.
Su hién dién cta thanh phan CuFe;O4 tu tinh gitp
cac hat xuc téc c6 thé dé dang dugc thu héi bing nam
cham. Theo tim hiéu cta chung t6i, chua cé nghién
ctiu vé xuc tac quang-Fenton dugc thuc hién trén hé
CuFey04/Fe;O3. Dic biét, chung t6i cing dé nghi
thay thé tdc nhan H, O, bang H,C, 04, mdt tdc nhan
tao gdc tu do bén hon H,O, va 1a 1an dau tién dugc
ap dung cho hé xuc tac CuFe,O4/Fe; 03, qua do gitp
tang kha ning luu tri cta hoa chit va ting kha nang
tng dung vao thuc té.

PHUONG PHAP THUC NGHIEM

Téng hop xuc tac

Hé xtc tdc CuFe;O4/Fey O3 dugc ching toi téng hop
thong qua hai giai doan.

Giai doan 1: Hé vat liéu CuFe 04 dugc diéu ché
béing phuong phép dong két tha — phén huy nhiét.
Dung dich NaOH 1,0 mol.L~! dugc nhé tii tii vao 300
mL hén hgp dung dich Cu(NO3), 0,25 molL~! va
Fe(NO3)3 0,5 mol.L~! cho dén gid tri pH = 7, khudy
déu trong 90 phut nhdm thu dugc hon hgp dong két
ttia. San phdm két tha sinh ra dugc sdy ¢ 150 °C trong
90 phut, tiép theo nung & 800°C trong 2 gi¢ dé€ thu
dugc bot tu tinh CuFe; Oy.

Giai doan 2: Hé vat liéu CuFe;O4/Fe; O3 dugc tng
hop bang ky thuit ngdm t&m-xu Iy nhiét. Bot 16i tit
CuFeyOy4 (2,4 g) da dugc ché tao & trén dugc phan
bd vao becher chita 400 mL dung dich NaOH 0,3
mol.L~1. Hé dugc khudy tron lién tuc d€ tranh céc
hat ti tinh CuFe;O4 ling dong xudng ddy c6c. Tiép
theo, 80 mL dung dich Fe(NO3)3 0,5 mol.L~! dugc
rét cham vao dung dich trén, sau d6 khudy déu trong
sudt 60 phut d€ gia hoa két thia. Két ttia nay dugc tuyén
ti bang nam cham, loc, riia roi siy ¢ 150°C trong 90
phat. Mau bot rdn dugc nung & nhiéu nhiét d¢ khac
nhau (200, 300, 400, 500°C) trong 2 gid, r6i dugc rtia
v6i nudc cat va sdy lan cudi ¢ 150°C trong 1 gio d€ thu
dugc san phdm cudi cung. Cdc mau nay 1an lugt dugc
ky hiéu 1a CuFe;O4/Fe;O3-X (X la nhiét 4 nung cua
mau).

Phan tich vat liéu xuc tac

Céc mau tién chit trude khi nung déu dugce khio sat
gian d6 phan tich nhiét TG-DSC trén thiét bi SE-
TARAM Labsys Evo véi té¢c do nang nhiét 5°C/phut
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va nhiét d¢ nung cuc dai 1000°C. Thanh phén pha
clia cdc mau xuc tdc duge nghién ctiu bing phuong
phép nhiéu xa tia X trén mdy BRUKER XRD-D8 AD-
VANCE (sti dung thé gia toc va cudng d6 dong lan
lugt 14 40 kV va 40 mA véi ngudn biic xa don séc
CuKg c6 A =1,54184 A). Qua trinh dinh tinh pha
trong mau dugc thuc hién thong qua cac gian d6 tham
chiéu JCPDS (Joint Committee on Powder Diffraction
Standards) trong khi qua trinh dinh lugng dugc thuc
hién theo phuong phéap hiéu chinh Rietveld trén phan
mém Fullprof Suite 2009. Kich thudc hat va hinh thai
bé mit dugc ddnh gid thong qua anh kinh hién vi dién
tt quét chup trén may HITACHI S-4800 (thé gia toc
10 kV). Phé hong ngoai ctia cidc mau xuc tdc dugc
ghi trén mdy BRUKER VERTEX 70 hoat dong & nhiét
do phong nham khao sat cdc nhom chic va lién két
trén bé mat. Dong thoi, dién tich bé mit riéng cta
cdc mau theo md hinh Brunauer-Emmet-Teller (BET)
ciing dugc do ludng thong qua qua trinh xti 1y nhiét &
150°C trong 2 gi¢ theo sau bdi qué trinh hdp phu dang
nhiét khi N, & 77K trén may NOVA 1000e (Quan-
tachrome Instruments).

Khao sat hoat tinh xtic tac

Hoat tinh quang-Fenton clia cic méau xuc tdc
CuFepO4/FepO3-X dugce 1an lugt khao sat va so sanh
v6i miu CuFep,O4 théng qua phin ung gidm cip
phdm nhudém methylene xanh (2 x 1073 mol.L1)
dudi nguén sang UVA hoic kha kién. Trong khao sét
nay, HyC,O4 (1073 mol.L~!) ludn dugc st dung vé6i
vai tro 1a tdc nhan tao goc tu do cho phan ting. Bau
tién, 0,125 g bdt xuc tdc dugc phan tan vao hén hop
dung dich chiia MB va H,C,Oy4 r6i dugc khudy déu
trong bong t6i sudt 60 phut d€ ddm béo qua trinh hdp
phu ph&m nhudm 1én bé mait xuc tic dat trang thai
can bang (thoi gian can bing hdp phu 60 phut dugc
xac dinh thdéng qua cac khao sat so bo trude d6, khi
theo doi néng do MB ban d4u gidm r6i 6n dinh sau
60 phut trong hé xtc tac duédi diéu kién khong chiéu
sang). Sau d6, hé phan ting bét ddu dugc chiéu sdng
bing bong dén UVA (9 W Radium 78) hodc kha kién
(9 W Osram Dulux S). Toan bo hé phan ting dugc
6n dinh nhiét d6 bing hé hoan luu nudc. Sau mbi
5 phut, 10 mL dung dich dugc ruat ra khoi hé, xuic tac
dugc tach ra khoi dung dich nay bang nam chiam dat
hiém. Nong do MB con lai trong dung dich dugc xac
dinh bing phuong phép phd hip thu UV - kha kién &
664 nm trén thiét bi Helios Omega UV - VIS (Thermo
Fisher Scientific, USA).

KET QUA VA THAO LUAN
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K&t qua phan tich nhiét

Gién d6 TG-DSC ctia mau dong két tta st dung trong
qua trinh tng hop 16i tit CuFe;O4 dugc thé hién
trong Hinh la, cho thdy qud trinh mét khdi lugng
ctia mau c6 thé dugc chia thanh 2 giai doan chinh.
6] giai doan 1 (tii 55- 160°C), méu trai qua sy mat
khéi lugng khoang 7,5%, di kém mii thu nhiét cuong
do cao ¢ 108,9°C, ting v6i qua trinh mét nudc hdp
phu trén bé mat vat liéu. o] giai doan thu 2 (tu 161-
472°C), khoi lugng ctia mau tiép tuc gidm khoéang
8,3%, tuong ting v6i qua trinh phan huy céc hydroxid
trong hon hgp thanh oxid. Pong thdi, mét mii toa
nhiét nhoé ciing dugc quan sat thdy 6 363,15°C, nhiéu
kha nang thu¢c vé qua trinh hinh thanh pha hematite
a-Fe;O3 ', Tt sau 473°C, khéi lugng clia mau chi
giam khoang 1,74% roi dan tré nén 6n dinh. Tai
déy, hai mai thu nhiét 1an lugt dugc quan sat thdy
G 588,9°C va 727,4°C, rit c6 thé thudc vé cic phin
ung pha rdn gitia nhiing oxid hién dién, tao thanh pha
spinel. Chinh vi vay, trong budc tiép theo ctia nghién
cuiu, ching toi chon nhiét d nung 800°C d€ dam bao
hinh thanh pha spinel CuFe;O4 ¢6 tli tinh v6i ham
lugng du 16n.

Hinh 1b trinh bay gian d6 TG-DSC ctia mau com-
posite, ndi cac ion Fe3t dugc phu 1én bé mat 161 tu
dudi dang hydroxid. Tuong ty nhu & Hinh la, ti
55— 224,2°C, mau trai qua qua trinh mat 12,0% khoi
lugng, tuong ting véi qud trinh mat nudce hiat 4m va
nudce cdu trac trong hén hgp. Tu trén 224,2°C, mau
tiép tuc mdt thém 3,22% khéi lugng do qué trinh
mét nudc d€ chuyén hoan toan hydroxid thanh oxid
roi dan trd nén 6n dinh. Trong giai doan nay, hai
mii tdéa nhiét dugc quan sat lan lugt & 382,1°C va
427,4°C. Cac mui tin hiéu nay nhiéu kha ning tuong
ung v6i qua trinh hinh thanh pha tinh thé hematite
o-Fe; O3 va qud trinh tao lién két gitia or-Fe, O3 va 16i
tit CuFe;O4. Nhu vay, nhiét do khoang 400°C co vé
pht hop cho muc dich diéu ché hé vat liéu compos-
ite CuFe;O4/FeyO3. Tuy nhién, do qué trinh phén
tich nhiét st dung t6c d¢ nang nhiét 1a 10°C/phut
trong khi qué trinh nung mau trong thuc té ctia chiing
toi dugc thuc hién trong 2 gid, nhiéu kha ning hé
CuFe;04/Fe; O3 ¢ thé dugc tao thanh & nhiét do
thdp hon. Do d6, d€ khao sat anh hudng ctia nhiét
d6 nung dén tinh chat cta xuc tdc CuFe;O4/Fe; 03,
chung t6i quyét dinh chon céc nhiét d6 200, 300, 400
va 500°C.

Thanh phan pha tinh thé chia xuc tac

Hinh 2 va Bang 1 l4n lugt trinh bay gian d6 XRD
va ham lugng pha tinh thé ctia cic mau CuFe;O4 va
CuFeyO4/Fey O3-X. DB6i v6i mau CuFey Oy, phédn 16n

cdc mii nhiéu xa dinh vi 6 18,2; 30,0; 35,3; 36,9; 42,9;
56,8 va 62,4°, déc trung cho pha spinel l4p phuong
CuFe;04 (nhém khéng gian Fd3m, JCPDS No.34-
0425). Dong thoi, mdt mai nhiéu xa nho ciing dugc
phét hién & 36,8°, dugc cho la thudc vé pha tenorite
CuO (nhém khéng gian C2/c, JCPDS No. 05-0661).
Két qua nay cho thdy phuong phap dong két tta —
phén hay nhiét don gian cua chung t6i da tong hop
thanh cong vat liéu spinel tii tinh véi ham lugng pha
CuFe; 04 dat dén 92,0%, chi con lai 8,0% pha tap CuO.
Khi tién hanh pha Fe; O3 1én bé mat cac hat tu tinh &
cac nhiét d6 nung khac nhau, thanh phéan pha tinh
thé dugc nhan thdy chiu anh hudng manh béi nhiét
d6 nung mau. Cu thé, & 200°C, rat it mai tin hiéu
dac trung ctia pha tinh thé a-Fe; O3 hematite (nhom
khong gian R-3¢, JCPDS No. 86-0550) xuat hién trong
gian d6 XRD ctia mu xuc tac. Tuy nhién, khi nhiét
dd nung tang l1én 300 va 500°C, cdc mii tin hiéu dic
trung ctia pha a-Fe; O3 bét dau xudt hién nhiéu hon,
dinh vi 6 24,1; 33,1; 40,8; 49,4; 54,1 va 64,1°. Diéu nay
dong nghia vé6i viéc ham lugng pha o-Fe, O3 trén bé
mat CuFe; Oy cling ting theo nhiét d6 nung, 14n lugt
dat gid tri 21,0% & 300°C va 49,7% & 500°C. Nhiéu
kha ning nhiét d nung tii 300°C trd 1én khong chi
thuc ddy qua trinh chuyén héa Fe(OH)3 thanh Fe; O3
ma con gop phan gia c6 lién két gitia Fe, O3 v6i bé mat
CuFe; Oy, gitp cac hat Fe; O3 kho bi troi di trong qua
trinh riia xuc téc.

Hinh thai va lién két trén bé mat hat xuc tac
Hinh thai va kich thudc hat cia CuFe; O4 va cic mau
xuc tic CuFepO4/FepO3-X lan lugt dugc khao sét
thong qua ky thuit FE-SEM (Hinh 3). Hinh 3a cho
thdy mau CuFe;O4 dugc ciu tao bdi cac hat hinh lap
phuong c6 kich thudc khoang 100-200 nm tu hop
vao nhau. Khi Fe,O3 dugc tao mam trén cdc hat
CuFeyO4 r6i nung ¢ 200°C, mét lugng nho céc hat
nano, nhiéu khé ning 1a Fe;O3 (10-30 nm), da bat
d4u xudt hién trén bé mat hat ti tinh (Hinh 3b). Dic
biét, d6i véi cdc mau CuFe, O4/Fe; 03-300 (Hinh 3c)
va CuFe;04/Fe;03-500 (Hinh 3d), gin nhu toan bo
bé mit CuFe;O4 da dugc bao pht boi mot lugng 16n
hat nano véi kich thudc tii 20-50 nm. Sy xuét hién
ctia cdc hat nano nay khién cho bé mat CuFe;Oy trd
nén g6 ghé hon, qua d6 lam ting manh dién tich bé
mat riéng ctia mau, tit 1,159 mz.g*1 (CuFe;0y4) dén
12,748 mz.g*1 (CuFepO4/Fep03-300). Ngoai ra, kich
thudc cac hat nano nay con c6 khuynh huéng ting
theo nhiét &0 nung. Nhu vay, nhiéu kha ning cdc miu
xuc tac két hgp Fep O3 va CuFe; Oy ctia ching toi ¢6
céu truc 16i vo va viéc thay d6i nhiét do nung khong
chi anh hudng dén lugng hat Fe; O3 bam trén bé mat
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Hinh 1: Gidn d6 TG-DSC cla cac mau: (a) mau dong két tha st dung cho qua trinh diéu ché CuFe; 04 tur tinh; (b)
mau két tha sat dudi dang hydroxide [én bé mat CuFe; O,

Bang 1: Thanh phan pha tinh thé cia cdc mau CuFe,0, va CuFe,0,/Fe,0;-X (X = 200, 300 va 500)

Mau % khoi lugng

CuFe;O4 Fd3m a-Fe; O3 R-3¢ CuO C2/c
CuFe; 04 92,0 8,0
CuFe;04/Fe;03-200 87,2 51 77
CuFe;04/Fe;03-300 69,6 21,0 9,4
CuFe;04/Fe;03-500 43,2 49,7 7,1
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Hinh 2: Gidn d6 XRD clia cA&c mau CuFe, 04 va CuFe,04/Fe,03-X véi X = 200, 300 va 500 (s, h va * lan lugt dai dién

cho pha spinel CuFe; 04, hematite Fe;03 va CuO)

16i tit ma con tac dong dén kich thudc cac hat oxide
sit nay.

Céc nhém chitic va lién két trén bé mit cta xtc tac
cang dugc nghién cttu thong qua phd FTIR (Hinh 4).
Theo d6, phé FTIR ctia miu CuFe;O4 thé hién mot
mii hdp thu cudng d6 16n & 578 cm™! va mot mii
hép thu cudng d6 rét thap & 419 cm ™!, dic trung cho
dao dong héa tri ctia lién két M-O vé6i M 1a ion kim
loai 1an lugt nam trong 16 tréng ti dién (M,;-O) va
bét dién (Mpy-O) trén bé mit vat liéu'>!3, Nhiing
mui hdp thu nay cang dugc quan sat thiy trong phé
FTIR ctia cdc mau CuFeyO4/Fe;O3-X, nhung c6 sy
thay d6i r6 vé vi tri va cudng do. Cu thé, & céc
méiu CuFe;O4/Fe;03-300 va CuFe;O4/Fe;03-500,
mai dao dong dic trung M,;-O dich chuyén vé s6
séng thép hon (lan lugt 552 va 549 cm™ 1) trong khi
mii dao dong ddc trung Mp,—O viia c6 sy gia ting
manh cu6ng dg, viia cé khuynh huéng dich vé s6 séng
16n hon (1an lugt 462 va 470 cm™!). Su gia ting cudng

d6 mii dao dong ddc trung M;-O da chling minh
Fe;O3 dugc ¢6 dinh thanh cong trén bé mat 16i tu
(vi trong cdu tric hematite Fe, O3, cac ion Fe’t nim
trong 16 tréng bat dién), tit d6 gitp ting manh lugng
tam Fe. Mat khéc, su thay ddi vi tri cic mii dao dong
nay cing cho thdy qud trinh phtt Fe;O3 nhiéu kha
nang da tao ra cic bién d6i dén cac lién két kim loai -
oxygen trén bé mit vat liéu xuc tac.

Hoat tinh xuc tac quang-Fenton

Hoat tinh xtc tic quang-Fenton cuia cdc mau xuc
tac CuFerO4/Fer03-X dugc khao sat va so sanh véi
CuFeO4 thong qua phan ting gidm cdp phdm nhudm
MB. Céc két qua dong hoc phan hiy MB trén cac hé
xuc téc dudi anh sang UVA va kha kién dugc thé hién
trén Hinh 5. Theo d6, cac dudng bién thién Ln(Cy/C)
theo thoi gian (v6i Cp va C lan lugt 13 ndong d0 MB
& thdi diém ban dau va & thdi gian t gid) déu la cac
dudng thing tinh tién, ching t qud trinh phan hay
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Hinh 3: Anh FE-SEM ctia cac m3u: a) CuFe,04 va b, ¢, d) CuFe;04/Fe,03-X (X = 200, 300 va 500)

a o]

CuFe O /Fe O -500
CuFe,0 /Fe,0,-500 0 Fe0,
\_//__h——_\——ﬁ—h(—_hﬂ—ﬁ/
470
CuFe O Fe 0 -300
~ |cuFe,0 /Fe,0,-300 e e
:! el 273 :
& &
2z =
z z
c =4 462
D [<E]
E E
CuFe 0 Exdy il 552
274 \ 419
578
— 7 — T T T 7 T T
4000 3500 3000 2500 2000 1500 1000 500 800 700 600 500 400

21
Wavenumber (em™) Wavenumber (cm™)

Hinh 4: (a) Phé FTIR (4000 — 400 cm 1) va (b) PhS FTIR vling dau van tay ctia céc mau CuFe, 04 va CuFe;04/Fe;03-X
(X=300va 500)
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MB trén céc hé xtc tic nay déu tuan theo dong hoc gia
béc 1. Vivay hoat tinh ctia cdc miu xuc tac viia ¢ thé
dugc danh gia thong qua %MB bi phan huy, viia ¢
thé dugc so sdnh thong qua hing s6 téc do biéu kién
(Bang 2).

Hinh 5 va Bang 2 cho théy tit ca cdc mau xuc tic
két hop hai thanh phin déu cho hoat tinh cao hon
mau CuFeyO4 dudi cd hai ngudn anh sang UVA va
kha kién. Dudi btic xa UVA, chi khoang 39% MB bi
phén huy trén CuFe;O4 nhung véi cdc miu xuc tic
két hop, hon 74% MB bi phan hay chi sau 0,5 gio.
Tuong tu, dudi biic xa kha kién, miu CuFe, Oy cling
cho gia tri %MB bi phan huy la thip nhit (khoang
49% sau 2 gi%), con cac mau két hgp déu cho %MB
bi phan hay cao hon (tii 53% trd 1én). Dic biét, tt
ca cdc mau xuc tac déu cho phép tich ra khoi dung
dich phan ting dé dang bing nam cham. Két qué nay
chiing to su hién dién ctia cac hat Fe;O3 trén bé mat
16i tit viia khong dnh hudng dang k€ dén tu tinh cua
vat liéu, viia tang cudng hiéu qua hoat tinh xtc tac
giam cdp phdm nhudém MB. Thét vdy, viéc phti Fe, O3
lén CuFe;O4 nhiéu kha ning da lam ting ham lugng
tam Fe hoat tinh trén bé mat, qua d6 thuc ddy kha
ndng tuong tac cta cac tam Fe nay voi HyCyO4 d€
tao ra nhiéu phiic chit trung gian [=Fe(C,04)]3.
Dudi diéu kién chiéu sang phu hgp, cdc phiic chit
[=Fe(C204)]13~ ¢6 thébi kich thich va san sinh ra géc
tu do hydroxyl (phuong trinh 1 - 5%1°), gitip phan
hay hiéu qua phdm nhu¢m MB.

[=Fe(C204)]" +hv ==Fe2™ + C,0,” (1)
€05 + 0y — 05 +2C0, @)

0, +H" — HO, 3)

HO, + HO) — Hy0, + 0, (4)

=Fe?t + H,0, — =Fe3~ + OH™ + OH (5)

Dic biét, nhiét do xtt ly mau ciing dugc nhan thiy c6
anh hudng manh dén muc d6 hiéu qua cta xdc tac.
Cu thé, khi nhiét d6 nung xuc tic ting tit 200 °C dén
300 °C, hang s6 tdc do cta phan ting gidm cdp MB
ting nhanh tii 2,744 dén 6,566 h~! dudi blic xa UVA
va tit 0,378 dén 0,730 h~! dudi bic xa kha kién. Su
bién thién vé hoat tinh xtc tic nay to ra phu hgp véi
su gia tang ham lugng tdm Fe dén tu cac hat nano o-
Fe, O3 trén bé mat xuc tac, dugc chiing to thong qua

cdc két qua XRD, FE-SEM va FTIR. Nh¢ vy, miu
xuc tac CuFey;O4/Fe;03-300 ctia ching t6i thé hién
hoat tinh vugt tréi khi so v6i nhiéu nghién ctiu trudc
d0, thi du so v6i mau xtc tdc CoFey Q4 dugc diéu ché
bang phuong phép sol-gel c6 su ho trg ctia polyethy-
lene glycol (k = 2,570 h~!vak=0,496 h~! lan lugt
duéi biic xa UVA va kha kién) '® hay miu CuFe,04
dugc diéu ché bang phuong phép sol-gel c6 sy ho trg
ctiahd tinh bot (k=k =1,788 h~! vak =0,294 h~!
1an lugt dudi biic xa UVA va kha kién) 7. Tuy nhién,
khi nhiét d6 nung vugt qua 300 °C, hoat tinh xtc tac
gidam dan. Diéu nay c6 thé dugc giai thich thong qua
su tang trudng vé kich thudc clia cac hat nano Fe; O3
theo nhiét d6 nung cung véi sy gia tang s6 séng clia
mili dao dong ddc trung Fe,;-O. Anh FE-SEM cho
théy kich thuéc cic hat nano da ting tii 20-50 nm &
300 °C dén 50-100 nm & 500°C. Khi kich thudc hat
tang, dién tich bé mdt riéng giam, tii d6 lam suy giam
hoat tinh xtic tic quang-Fenton. Dong thoi, su ting
cuong s6 song ctia mii Fep,y—O khi mau dugc diéu ché
4500 °C thé hién su gia ting d6 bén ctia lién két Fe-
O, khién Fe kho tham gia tao phtic v6i HyC, Oy, ciing
g6p phan lam giam hoat tinh xdc tac. Nhu véy, trong
cac nhiét do nung dugc khao sat, nhiét d6 300°C dugc
chon 1a nhiét d§ phtt hgp nhat d€ gan két Fe, O3 1én
bé mit 16i tit CuFe,Oy.

KET LUAN

Hé xtc tic quang-Fenton di thé CuFe;O4/Fe;03 ¢
tir tinh da dugc diéu ché thanh cong bing qua trinh
ngdm tdm - nung don gian nham lam xdc tac cho
phéan ting phén hiy phdm nhudém methylene xanh.
Két qua thuyc nghiém cho thdy viéc c6 dinh Fe, O3 1én
bé mat CuFe; O, da tao ra mot hé xuc tac khong chi
¢6 hoat tinh cao khi két hgp véi tdc nhan HyCyO4
trong ca hai viing biic xa UVA va kha kién, ma con
thé hién tit tinh t6t, cho phép dé dang thu hdi xac
tac bang nam chim sau quad trinh xt ly. Trong s3 cac
mau xuc tdc dugc nung § cdc nhiét do khic nhau, mau
CuFe;04/Fe»03-300 thé hién hoat tinh xdc tic cao
nhdt nho c6 ham lugng tdm Fe trén bé mat cao va kich
thudc cac hat nano Fe; O3 chua qué 16n. Khi nhiét do
nung ting, kich thudc hat nano Fe, O3 va do bén lién
két Fe-O trén bé mit c6 khuynh huéng ting, lam suy
giam hoat tinh xuc tac.

LO1 CAM ON

Nghién ctiu dugc tai trg bdi Dai hoc Quéc gia Thanh
phd H6 Chi Minh (PHQG-HCM) trong khudn khé
Dé tai ma s6 C2020-18-08.
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ME concentration (urnoI.L') E

I

ME con centration (jumo I.I_")

o0 5 10 15
Time (n}

Qg as 140 15 2.4

Time {h}

Hinh 5: Bién thién C (a) va Ln(Cy/C) (b) theo thai gian xt ly trong cac hé xuc tac dudi anh sang UVA; bién thién C
() va Ln(Cy/C) (d) theo thai gian xUt ly trong céc hé xtc tac dudi anh sang kha kién. Cy va C lan lugt la ndng do MB

& thai diém ban dau va & thdi gian t gid

Bang 2: Hing s téc d6 bidu kién (k, h—!) ca phan iing phan hiy MB trén cac mau xuc tac duéi anh saing UVA va

anh sang kha kién

Sample
CuFe; Oy CuFeyO4/Fey03- CuFeyO4/FeyO3- CuFeyO4/FepO3- CuFeyO4/Fe; O3-
200 300 400 500
k (h_]) dusi 0,968 2,744 6,566 4,868 3,272
anh sang UVA
k (h7!) dusi 0346 0,378 0,730 0,653 0,548

anh sang kha
kién

DANH MUC CAC CHU VIET TAT

TG-DSC: Phén tich nhiét trong lugng — Phan tich
nhiét quét vi sai

XRD: Nhiéu xa tia X

FE-SEM: Kinh hién vi dién tt quét trudng dién ttt
FTIR: Quang phé héng ngoai chuyén héa Fourier
MB: Phdm nhu¢m methylene xanh

XUNG POT LOI iCH

Céc tac gia tuyén b6 ring ho khong c6 xung dot loi
ich.
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PONG GOP CUA CACTACGIA

Phan Vin Hung thuc hién qud trinh t6ng hgp cdc mau
xuc tac, phan tich mau dudi sy hudng dan, thiét ké
thuc nghiém ctia Lé Tién Khoa. Tran Thi Thu Uyén
thuc hién qua trinh khao sat hoat tinh xtc tac cia cac
mau. Ngoai ra, cdc tac gid con chung stc trong viéc
dang bdo.
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Synthesis, characterization and photo-Fenton catalytic activity of
magnetic CuFe,04/Fe,0; materials

Van Hung Phan'2, Thu Uyen Tran Thi'2, Tien Khoa Le'?"

ABSTRACT
In this work, we proposed to immobilize Fe;O3 nanoparticles on the surface of magnetic CuFe;Oy
: particles by a facile impregnation — annealing method at different annealing temperatures (200,
Use your smartphone to scan this 300, 400 and 500°C) in order to create new heterogeneous photo-Fenton catalysts with enhanced
QR code and download this article catalytic performance for the oxidation of organic dyes. The influences of annealing temperatures
used in the synthesis procedure on the phase composition, the morphology, the particle size and
the surface functional groups of our catalysts were investigated by XRD, FE-SEM and FTIR tech-
niques, respectively. The photo-Fenton catalytic performance was evaluated by the degradation
of methylene blue under both UVA and visible light illumination in the presence of HyC,04 as
radical-producing source. According to the experimental results, Fe,O3 nanoparticles were suc-
cessfully coated on CuFeyOy4 surface, which successfully formed the a-Fe;O3 phase in the phase
composition and also increased the Fe3* content on the surface. As a consequence, the rate con-
stant of photo-Fenton catalytic degradation of methylene blue over these samples were clearly
improved. More especially, owing to the good magnetic property of CuFe,O4 component, our
CuFe,04/Fep03 samples were easy to be separated from the solution by a magnet, making them
more feasible in practical applications of environmental treatment. Among our catalytic samples,
the CuFe;04/Fe; 03 sample annealed at 300°C showed the best performance with the highest rate
constants under both UVA light and visible light. Its catalytic activities was found to be 6.8 times
higher than CuFe;O4 under UVA light and 2.1 times higher than CuFe;O4 under visible light. How-
ever, when the annealing temperature was up to 500°C, the catalytic activity was reduced, which
can be explained by the growth of particles and the stabilization of surface Fe-O bonds.
Key words: Photo-Fenton catalyst, magnetic particles, Fe203, CuFe204, methylene blue
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