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SUMMARY

SYNTHESIS OF NANOSTRUCTURED Fe,03-CeO, AND INVESTIGATION OF
ITSPHOTOCATALYTIC PROPERTIES

In this study, Fe,Os-CeO, nanoparticles were synthesized by combusting a gel composed of polyvinyl
alcohol (PVA) and tartaric acid (TA). Various factors affecting the formation of Fe,05-CeO,, including
solution pH, TA/PVA mole ratio, (Fe/Ce)/(TA/PVA) mole ratio, and calcination temperature, were
thoroughly analyzed. The characterization of the Fe,05-CeO, particles involved XRD, EDS, SEM
techniques. The results obtained show that Fe,03-CeO, oxide particles have a nanometer size of about 50
nm. Subsequently, the photocatalytic performance of the nanostructured Fe,Os-CeO, under appropriate
light conditions was assessed, demonstrating high efficiency in decomposing methylene blue (MB).

Keywords: Nanostructured Fe,05-CeO,, tartaric acid, PVA, methylene blue, photocatalytic.

1. MO PAU

Phuong phép quang xuc tac da duogc
nhiéu nghién ctu chimg minh 13 mot
phuong phap hi¢u qua loai bo cac chat 6
nhiém trong d6 c¢6 cac chat mang mau [1].
Phuong phap nay khong giy 6 nhiém thu
cap, kha ning tai st dung cao, ré tién.
Trong nhiéu vat liéu xtc tic duogc s
dung, nano oxit sat véi ning lugng ving
cam thdp 2,2 eV dugc xem 13 mot trong
nhimg vat liu xtc tdc quang hi¢u qua
nhd chi phi san xuat thap, do bén tdt,
khong doc, dé sir dung cling nhu co thé
hép thu anh sang ving kha kién [2]. Tuy
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nhién vé co ban xitic tac nay hoat dong
trong d6i yéu va toc do phan huy chat 6
nhiém twong ddi thdp do kha ning tai to
hop e/h* cao. Trong cac nghién ciru, x(c
thc CeO, thé hién cac tinh chit doc dao
nhu tinh 6n dinh nhiét, phan tng xuc tac
xay ra ¢ nhiét o thap vai téc do phan ung
nhanh khi CeO; dugc pha tap s dung cac
kim loai qui va cac kim loai chuyén tiép
thong thuong. Qua trinh nay cai thién do
bén nhiét ctia hé [3,4] va kha ning quang
xtc tac phan huy chat 6 nhidém cia CeO
va cac vit lidu chtra CeO, [5,6]. Oxit sat
dang a-Fe,O; 1a kim loai chuyén tiép



dung pha tap dugc quan tam nghién cuu.
Gan day, mot sd nghién ctu ciing da
ching minh hiéu qua phan huy chét 6
nhiém ting 1én khi st dung chét xtc tac 1a
nano oxit hon hop Fe,03-CeO; so voi
viéc chi sur dung Fe,O3 hoac CeO, [7].

C6 nhiéu phuong phép dé tong hop vat
liéu Fe,03-Ce0, [8-10]. Véi uu diém cua
phuong phap d6t chay 1a don gian, c6 thé
tong hop luong 16n vat liéu, nghién ctu
nay con st dung két hop hai tic nhan
tartaric acid (TA) va polyvinyl alcohol
(PVA). Khi b6 sung TA viao hdn hop
phan Ung lam ting kha nang tao phuc
cling nhu cung cdp thém nhiét luong ciing
v6i PVA c6 thé giam nhiét d6 tong hop
cua vat liéu.

2. THU'C NGHIEM
2.1. Hoa chat

Nghién ctru da str dung cc hoa chit nhu
sau: FE(N03)3.9H20, CE(NO3)4’ NH4OH,
HNOs, PVA, TA, MB. Héa chét c6 do
sach phan tich.

2.2. Thi nghi¢m tong hgp Fe,03-CeO;

Cac hat nano oxit cia Fe,03-CeO, duoc
tong hop theo phuong phap d6t chay.
Theo d6, nghién ctru dugc thuc hién trén
may khuéy tr gia nhiét. Dung dich ban
dau bao gom hon hop cua tac nhan tao gel
va mudi cua Fe** va Ce*" duoc khudy va
gia nhiét trong mot thoi gian thich hop
dén khi gel nhét duoc hinh thanh. Tiép
tuc séy kho ¢ nhi¢t do 110 °C trong 2 gio.
Nghién ctru két thuc khi lya chon duoc
cac diéu kién t6i wu dé tong hop vat liéu
mong mudn.

2.3. Thi nghiém quang xuc tac

Nghién ctru so sanh kha nang quang xuc
tac cta vat liéu tong hop dugc Fe,0s-
CeO, vo1 cac don oxit thanh phﬁn duoc
thuc hién ¢ diéu kién sau: thay dbi chat
xuc tac s dung Fe,03-CeO;, hodc Fe O3
hoac CeO, voi ham lugng tung loai chét
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xuc tac 1a gidng nhau, cac diéu kién khéc
duoc gilr nguyén nhu gia tri pH, thoi gian
phan tng, thé tich dung dich, néng do MB
ban dau. Sau khi qua trinh can bang hap
phu duogc thiét 1ap, hdn hop dugc chiéu xa
& cac khoang thoi gian khac nhau. Nong
do MB con lai dugc xac dinh béng
phuong phap tric quang st dung may UV
—Vis (CE-2011) ¢ budc séng 663 nm, sau
khi 1iy khoang 5,0 mL dung dich phan
g & cac thoi gian khac nhau, ly tim dé
loai xuc tac du thura.

Thi nghiém khao sat anh hudng cua ham
luong chit xuc tac ciing duoc tién hanh &
diéu kién tuong tu sau khi lya chon dugc
vat liéu c6 kha ning phan huy tot
methylene blue (MB), thay d6i ham lugng
xuc tac ¢ cac gia tri 25 mg/L, 50 mg/L,
100 mg/L.

2.4. Phwong phap phén tich

Céc phép do xac dinh dac trung vat li¢u
su dung bao gé)m: nhiéu xa tia X dugc do
trén may D8 ADVANCE (Bruker, Durc),
hinh thai hoc (SEM) JEOL- 5300 (Nhat
Ban), pho tan xa ning luong tia X (EDS)
dugc ghi trén may JEOL JSM 6500F.

3. KET QUA VA THAO LUAN
3.1. Anh hwéng ctia nhiét d¢ nung

Mau tong hop dugc giir nguyén cac yéu to
anh hudng vé nhiét do tao gel (80 °C);
pH=2; ti 1& (Fe/Ce)/(TA/PVA) = 1/3; ti I¢
Fe/Ce = 1/1, ti 1¢ TA/PVA = 1/1. Thay
d6i nhiét d6 nung & cac gia tri 400 °C, 500
°C, 550 °C, 600 °C, 650 °C, 700 °C. Két
qua dugc chi ra trong hinh 1.

Gian d6 XRD ¢ hinh 1 cho thiy ¢ nhiét
d6 nung 500 °C moi bat dau hinh thanh
cac pha tinh thé va & nhiét d6 nung 600
°C hinh thanh day du cac pic dic trung
cua oxit Fe;03-CeO,. Khi tlep tuc tang
nhiét d6 nung ciia qua trinh tong hop mau,
cac pic ddc trung nay hinh thanh rd nét
hon. O day, gia tri cua nhiét d6 nung la



600 °C duogc lwa chon dé tong hop san
pham mong mubn.

So sanh nhiét d6 nung mau trong qua
trinh tong hop oxit Fe,03-CeO, khi sir
dung TA hoic PVA va TA-PVA. Két qua
duogc chi ra trong bang 1.
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Hinh 1. Sy hinh thanh pha cia Fe;03-CeO, ¢ cdc
gia tri nhiét do nung khac nhau

Bdng 1. Nhiét dg nung dé tong hop mau Fe,Os-

Ce0O,
e | N |
PVA 750 °C [10]
TA 650 °C [11]
TA-PVA 600 °C Nghién ctru nay

Két qua bang 1 cho thay sy thay do6i nhiét
d6 nung maiu trong qua trinh téng hop
oxit Fe;03-CeO;, ¢ cac nghién ctru khac
nhau. Khi sir dung hon hop cia PVA va
TA, nhiét d6 nung can thiét dé hinh thanh
Fe,03-CeO; la 600 °C (giam 150 °C khi
chi sir dung PVA va 50 °C khi chi sir dung
TA). Piéu nay da chimg minh duoc wu
diém khi sir dung két hop giita PVA va
TA. Hon hop duoc ting cuong kha nang
tao phic véi TA va phan bd déu trén
mang ludi cdu tric ciia PVA.

3.2. Anh huéng cia pH dén qua trinh
tong hop

Thay d6i pH ciia cic miu tong hop &

pH=1, pH=2, pH=3; gilt nguyén nhiét do

tao gel 80 °C, ti 1& (Fe/Ce)/(TAIPVA) =

1/3; ti 1¢ Fe/Ce = 1/1, ti 1¢ TA/IPVA = 1/1,
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nhiét d6 nung 600 °C. Két qua chi ra trong
hinh 2.

Gia tri pH anh hudng rd rét dén su hinh
thanh pha cuoa Fe,03-CeO,. O pH=1
khong thuén loi cho qua trinh tao phuc va
phan tan dong nhét cac cac ion kim loai
vao mang polime bdi sy phd vd mach
polime. Vi vay, ¢ gia tri pH=1 chua hinh
thanh cac pic dac trung cua Fe;O3-CeOs.
O pH=2, pH=3 c¢6 sy hinh thanh diy du
cac pha tinh thé ctia Fe,03-CeO,. Nghién
ctru lwa chon pH=2 cho qua trinh tong
hop tiép theo.
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Hinh 2. Sy hinh thanh pha cia Fe,05-CeO, ¢ pH

khac nhau

3.3. Anh huéng caa ti 1&¢ (Fe/Ce)/
(TA/PVA)

Sau khi lya chon nhiét d6 nung 600°C,
pH=2, thay doi gia tri ti 1é
(Fe/Ce)/(TA/PVA) = 9/1, 3/1, 1/1, 1/3,
1/9, gitr nhiét do tao gel 80 °C, ti 1¢ Fe/Ce
= 1/1, ti 1¢ TA/PVA = 1/1. Két qua phan
tich dugc chi ra trong hinh 3.

Khi lwong tac nhan tao gel khong du dé
tao phurc va phan tan cac cation kim loai,
dung dich gel thu dugc khong dong nhat
két qua trong gian d6 XRD ciia cac miu
chua xuat hién day du cac pic ddc trung
cuia vat liéu can tong hop. Piéu nay xay ra

o0 cac ti 1€ (Fe/Ce)/(TA/IPVA) = 9/1,
(Fe/Ce)/(TA/PVA) = 311,
(Fe/Ce)/(TAIPVA) = 11. O i 1&
(Fe/Ce)/(TA/PVA) = 1/3,



(Fe/Ce)/(TAIPVA) = 1/9 cho thiy su chon Fe/Ce = 1/1 cho qué trinh diéu ché
thanh coéng trong qua trinh tong hop oxit vat liéu voi su xuat hién day du cac pic
hdn hop Fe;03-CeO,. Vi vay, ti 1€ dac trung cua vat liéu mong mudn.

(Fe/Ce)/(TA/IPVA) = 1/3 dugc lya chon

cho qué trinh t 6ng hop. Vit liéu Fe,03-CeO, dugc phan tich mot

s6 ddc trung. Anh SEM va phd EDS cua

TCe0, mau dugc trinh bay trong hinh 5, hinh 6.
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Hinh 3. Su hinh thanh pha cia Fe;03-CeO, ¢ cdc
ti 1é (Fe/Ce)/(TAIPVA) khac nhau

3.4. Anh hwéng cua ti 1& Fe/Ce

Toéng hop miu & nhiét do tao gel 80 °C,
pH=2, ti 1 (Fe/Ce)/ (TAIPVA) = 1/3, ti 1¢
TA/PVA=1/1, nhiét @6 nung 600 °C, thay
doi gia tri ti 1€ Fe/Ce = 1/9, 1/3, 1/1, 3/1,
9/1. Két qua dugc chi ra trong hinh 4.

+CeO, IMS-NKL 5.0kV 4.7mm x100k SEM)
* Fe, O, )
Hinh 6. Anh SEM cua Fe,03-CeO,

ki Trén phd tan xa ning luong tia X (hinh 5)
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2 twtn (00) Hinh 6 cho thiy oxit Fe,0s-CeO, hinh
Hinh 4. Si hinh thanh pha ciia Fe,05-CeO, 6 cdc thanh cd hinh cau véi kich thuée trung
ti I¢ FelCe binh khoang 50 nm.
Theo hinh 4, & ti 1¢ Fe/Ce = 1/9, Fe/Ce = 3.5. Panh gia kha niing phan hiy MB
1/3 chua c6 sy xuat hién cac pha cua oxit ctia Fe,03-Ce0;

at Fe,03. Khi tang dan ti 1¢ ion sa :

sa£ 62203 ! tE}ng ’danq tlAe on sat_trong Fe,03-CeO; dugc tong hop thanh cong &

mau tong hop ¢ céc ti 1¢ Fe/Ce = 1/1, AT A O \ 2

Fe/Ce = 3/1, Fe/Ce = 9/1, 6 sy thay doi  c4¢ di¢u kién nghién ciru duge st dung de

’ ’ ' phan huy MB. Mot s0 yeu t6 anh hudng

dén qua trinh phén huy dugc trinh bay
trong cac nghién cuu tiép theo.

cuong do pic trong két qua thu duge tuy
theo lugng cation kim loai Fe, Ce cho vao
mau tong hop. O diy, nghién cuu lya
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3.5.1. Kha nang phan huy MB cua Fe;0s-
CeO,

Nghién ctru tién hanh phan Gng phan huy
MB cua vat li¢u Fe;03-CeO; cling nhu hai
vat liéu thanh phan 13 Fe,03 va CeO,. Két
qua duogc chi ra trong hinh 7.

LED 50 W, ndng d6 MB 10 mg/L, ham Iuong xuc tac 50 mg/L
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Hinh 7. Khd nang phdn hiy MB ¢ cdc thi nghiém

Hinh 7 chi ra mic d6 phan hay chat 6
nhiém MB ¢ céac diéu kién thi nghiém
khac nhau la khac nhau. Khi khong st
dung cht xuc tac, néng d6 MB hau nhu
khong gidm sau qua trinh phan Ung.
Nguoc lai, khi sir dung xuc tac, hiéu qua
xtr Iy MB ting 1én dic biét 1a mau sir
dung vat liéu Fe,03-CeO,. Diéu nay da
chting minh qué trinh xir Iy chat 6 nhiém
tang 1én dang ké khi pha tap Fe,Os; vao
cAu trac mang tinh thé CeO, nhu nhiéu
nghién ctru trude day [7,12].

3.5.2. Khdo sdt ham leong chdt xiic tdc
Fe203-Ce02

Thuce hién nghién ctru thay d6i ham luong
chat xuc tac & 25 mg/L, 50 mg/L, 100
mg/L, pH=7, ndng do ban dau cua MB la
10 ppm. Két qua chi ra trong hinh 8.

MB duoc xur ly hi¢u qua & ham luong
Fe,03-CeO; la 25 mg/L va 50 mg/L. Tuy
nhién, tiép tuc ting ham luong ctia Fe,03-
CeO, hiéu qua xir Iy MB giam. Diéu nay
c6 thé 1a do su du thira vat liéu trong qua
trinh phan ung dd can 4nh sing dén bé
mit chat xuc tac (hinh 8).
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LED 50W, nédng 6 MB 10 mg/L
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Thei gian (phut)
Hinh 8. Sw phdn hiyy MB ¢ ham lwong Fe,0s-
CeO, 25 mg/L, 50 mg/L, 100 mg/L

4. KET LUAN

Nghién ctu da lya chon dugc cac thong
s6 tdi wu cho qua trinh tong hop céac hat
nano Fe;03-CeO,. Theo do, cac gia tri
dugc xac dinh ¢ pH=2, ti 1€ (Fe/Ce)/
(TA/PVA) =1/3,ti 16 TAIPVA=1/1,ti 1§
Fe/Ce = 1/1, dac biét la gia tri nhiét do
nung can thiét 1a 600 °C. Gia tri nay cho
thdy su hiéu qua cho su két hop TA-PVA.
Vit liéu téng hop co kich thuéc khoang
50 nm. Qua trinh xtr 1y MB dat hiéu sut
cao hon nhiéu khi st dung Fe,03-CeO,
lam chét xtc tac. Anh huong ciia ham
lugng chét xtc tac cling duge nghién ciru,
theo d6 hiéu sudt phan huy MB dat cao
nhat ¢ gia tri 50 mg/L vat liéu tong hop
dugc sir dung.
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