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SUMMARY

PREPARATION, CHARACTERIZATION, PROPERTY
AND PHOTOCATALYTIC ACTIVITY FOR DEGRADATION
OF METHYLEN BLUE OF LA-DOPED COFE;04 NANOPARTICLES

ColLaFe;04 (x=0 +0.1) nanoparticles have been prepared by a solution combustion method using

urea as fuel. The samples were characterized by X-ray diffraction, scanning electron microscopy, transmission

electron microscopy, energy dispersive X-ray spectroscopy. The XRD results showed that the single-phase

La’" substituted cobalt ferrite nanoparticles exhibit partially inverse spinel structure with the crystallite size of
10 —17 nm, which was also confirmed by scanning electron microscopy and transmission electron microscopy.

The effects of La substitution on the magnetic properties were investigated by vibrating sample magnetometer
methods. The magnetic measurements show that the saturation magnetization (Ms) decreases from x = 0 to x=

0.07, due to because of the decrease in the total moments with the La®* substitution. Moreover, the
photocatalytic activity of doped samples increased via the increasing of La concentration, which was
investigated using methylene blue dye under visible lights.
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1. MO PAU

Vit liéu spinel ferit véi cong thirc chung la
MFe;04 (M 14 cac ion kim loai nhu Zn, Co,
Mn, Cu...) duogc biét dén nhiéu do tinh chat
dién, quang va tir cta ching, nhit 1a khi co
kich thudc nanomet [1]. Khi dugc pha tap cac
ion vao mang tinh thé, nhiéu tinh chit 1y, hoa
cua ferit duogc ting cuong cho cac tng dung
nhu 1am chat quang xtic tac phan hiy thudc
nhudm [2,3], lam tac nhan khang khuén [4,5],
vat liéu luu trir nang luong dién [6]...Nhiéu
nghién ctru da chi ra réng, su pha tap ion kim
loai 1am anh huéng dén cdu trac, tinh chat
quang, dién va tir [7-9] cta cac ferit. Trong s6

cac spinel ferit, CoFe,O4 1a vat li¢u co tinh
ctng vira phai, do tr bdo hoa cao, nhiét do
Curie cao va c6 tinh 6n dinh héa hoc 16n
[1,7,10]. Anh huong ctia mét s6 ion nhu La**
[6,11], Eu** [7], Zn?* [2]...dén tinh chit cua
CoFe,0, di duoc d& cap toi. Trong nghién ctru
nay, chung t6i cong bd két qua nghién ctru dnh
huong cua ion La®* dén céu tric, tinh chat tir
va hoat tinh quang xtic tdc phan hiy metylen
xanh ciia CoFe,04 tong hop bang phuong phap
d6t chay dung dich, sir dung chét nén 14 ure.
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2.1. Téng hop vit liéu nano CoLaFe>+O4
(x=0+0,1) biing phwong phap d6t chay dung
dich

Céan chinh xac mét lugng ure hoa tan vao nudc,
thém vao do6 cac lugng Co(NOs),.6H,0,
Fe(NO3)3.9H20 va La(NO3)3.6H20 thich h()’p.
Céc hdn hop dugc khudy trén may khudy tir &
70°C trong 4 gio [10]. Say kho va nung cac
mau trén & 600°C trong 3 gio' thu duoc cac vat
liéu CoLayFe,«O4 (x = 0; 0,01; 0,03; 0,05; 0,07
va 0,1) va duogc ki hiéu lan luwot 1a LCFO,
LCF1, LCF3, LCF5, LCF7, LCF10.

2.2. Xac dinh cac dic trung cia vit liéu

Gian dd nhiu xa Ronghen cua mau dugc do
trén may D8 ADVANCE Brucker cua Puc véi
A =0,15406 nm & nhiét d¢ phong, goc quét 20
= 20+70°, budc nhay 0,030%s, dién ap 30KV,
cudng do dng phat 0,03A. Anh hién vi dién tir
quét (SEM) va truyén qua (TEM) ciia cac mau
duoc do trén may JEOL 6490 JED 2300 (Nhat
Ban) va JEOL-JEM-1010 (Nhat Ban). Pho tan
xa ning lugng tia X ctia cac mau dugc do trén
miy EMAX Energy (Anh). Phd phan xa
khuéch tan UV-Vis (DRS) cia cac miu duoc
do trén may U — 4100 (Hitachi, Nhat Ban).
DPuong cong tir tré ctia mau dugc do trén hé tir
ké miu rung (VSM).

2.3. Nghién ciru hoat tinh quang xic tiac
phén hily metylen xanh cia cac vt liéu
Chuén bi cic binh tam gidc 250 mL thém vao
d6 100 mL dung dich metylen xanh 10 mg/L.
D6i v6i binh 1, thém 1 mL H,0, rdi chiéu sang
bang dén compac (P = 40W).

DPéi v6i binh 2, thém 50 mg véat liéu LCFO,
khudy mau 30 phat ¢ nhiét d6 phong trong
bong tdi cho dat can bang hap phuy, trich mau
dung dich, dem li tdm 1oi do do hép thu quang.
Dung dich con lai trong binh dugc chiéu sang
bang dén compac. Ctr sau 30 phut, trich miu
dung dich, 1i tim loc bé chét ran, do do hap
thu quang.

Thém 50 mg mdi vat lieu LCFO~LCF10 lan
luot vao cac binh 3+8. Khudy cac mau ¢ nhiét
d6 phong trong boéng t6i 30 phut dé dat can
bé‘lng hép phu 10i trich miu, dem li tdm loc bo
chat rin, do do hép thuy quang. Thém 1mL

H,0; 30% vao phan miu con lai, chiéu sang
bing dén compac va khudy tiép trong thoi
gian 300 phat. Cir sau 30 phit, trich mau
dung dich, li tam loc bo chét rin, do do hép
thu quang. P hdp thu quang cla cic mau
do & budc song tir 400 +800 nm.

Tir gia tri &6 hap thu quang cuc dai, dya vao
duong chuén dé tinh ndng do metylen xanh
tuong tmg. Hiéu suat phan hiy cia MB dugc
xac dinh bang cong thirc sau:

Ho%= S0~ St 100%

o
Trong d6: C, 1a ndng d6 cia MB sau khi dat
can bang hép phu (mg/L). C; 1a ndng do cua
MB tai thoi diém t (mg/L).
3. KET QUA VA THAO LUAN
3.1. Mgt s6 dic trung ciia cac mau vat ligu
Gian dd XRD dugc chi ra ¢ hinh 1 cho théy,
céc mau tir LCFO~LCF7 déu xuét hién don pha
cua CoFe,04 vdi cac peak ddc trung cua goc
20 tuong ung la 30,28°; 35,0° 37,0° 42,7°%
53,29 56,2 tmg voi thanh chuan sé 002-
1045[10]. Mau LCF10 ngoai pha cia CoFe,O4
con xuét hién pha cna Fe,Os. Kich thude tinh
thé clia cac mau tir LCF1+LCF10 déu nhé hon
so voi mau LCFO (bang 1). Hién tuong nay
cling dugc quan sat thdy trong truong hop
CoFe,O4 pha tap La’* dugc tong hop bing
phuong phap sol-gel [12].

*Fe 0O,
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Bang 1. Kich thutéc tinh thé (v) va gid tri nang lwong ving cam (Eg)
ciia mau LCFO~LCF10 nung 6 600°C

Tén mau LCFO0 LCF1 LCF3 LCF5 LCF7 LCF10
r (nm) 17 13 12 13 11 10
E; (eV) 121 1,06 1,01 0,96 0,90 0,85

Phé DRS (hinh 2) cho thdy, ciac mAiu
LCF0+-LCF10 déu hip thy manh trong ving
4nh sang kha kién. Gia tri ning lugng ving
cAm cua cac mau dugc xac dinh bang phuong
trinh Wood-Tauc [13]:

a.hv=A (hv-E,)"

Trong d6: a la d6 hip thu quang; hv 13 ning
luong cua photon; A 1a hang sd; E, 1a ning
lwong ving cam; n 14 hing s6 va n =2 d6i véi
chét ban dan thang.
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Két qua cho thdy, gi4 tri ning luong ving cim
ciia mdu LCFO-LCF10 giam dan (bang 1).
Mau LCF10 ¢6 nang lugng ving cAm 1a nhé nhat.

Ph6 EDX cua vat liéu LCFO va LCF7 dugc chi ra
& hinh 3. Ttr hinh 3 cho thdy, trong ca hai mau
déu xudt hién cac pic dic trung cua Co, Fe, O
va nguyén t6 La trong miu LCF7, ngoai ra
khong c6 pic ciia nguyén t6 khac. Didu nay
ching t6 miu thu dwoc la tinh khiét. Ham
lugng % cua La trong mau LCF7 (4,04%)
twong d6i phu hop véi gia tri tinh theo 1y
thuyét (5,18%).

Anh hién vi dién tir quét (SEM) (hinh 4) va
truyén qua (TEM) (hinh 5) cia mau LCFO va
LCF7 khi nung & 600°C cho théy, cac hat nano
thu dugc déu c6 dang hinh cau, kich thudc kha
ddng déu. Nhu vdy, su pha tap La®" khong lam
thay d6i hinh thai hoc cia CoFe,O4. Tuy nhién,
kich thudc hat cua mau LCF7 nhé hon so véi
méau LCF0. Két qua nay phu hop vé6i két qua
thu duoc tir gian dd XRD.

n 1 12 15 14 15 LT A [i] 13

' Full Scale 431 cts Cursar: 10.530 ke (3 cts)

Hinh 3.Phé EDX ciia mau LCF0 (a) va LCF7 (b)
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Hinh 5. Anh hién vi dién tir truyén qua (TEM) ciia mau LCF0 (a) va LCF7 (b)

DPuong cong tr tré cia mau LCFO va LCF7 su phan bd ion trong mang tinh thé va lam bién
duoc chi ra ¢ hinh 6. Két qua cho thiy, gi tri d6i tir tinh cia  CoFe,04 [14]. Vat liéu LCFO
d6 bao hoa tir (M), do tir du (M) va luc khang va LCF7 déu thudc loai vat liéu tir cing va co
tir (Hc) ciia mau LCF7 déu nho hon mau LCFO thé dé dang tach ra khoi dung dich sau phan
(bang 2). Su pha tap La®* ¢6 1& anh hudng dén ung [14,15].
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Hinh 6. Puwong cong tir tré ciia mau LCF0 va LCF7
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Bdng 2. D bdo hoa tir (M), do tir du (M,) va
liee khang tir (H,) ciia mau LCFO va LCF7

Miu M; M: H.
(emu/g) (emu/g) (Oe)
LCFO0 44.4 20,74 1683,84
LCF7 30,48 10,23 1155,96

3.2. Hoat tinh quang xtc tic phan hiy
metylen xanh ciia cic miu

Db thi (C/C,)x100 theo thdi gian t (phat) cia
dung dich metylen xanh trong cac diéu kién
khéac nhau dugc dwa ra ¢ hinh 7. Két qua cho
thdy, H,O; ciing c6 kha nang phan huy MB,
sau 300 phut, hiéu suat phan huy MB dat
25,02%. Khi duoc chiéu sang va chi c6 mat
vat liéu LCFO0, 17,74% MB bi phan huy
(hinh 7a). Khi c6 mat dong thoi cua H,0, va
chit xuc tac (hinh 7b), hiéu sudt phan huy
MB ctia cic mau tr LCFO~LCF7 ting tir
45,36+77,6% va giam xudng 73,4% dbi & mau
LCF10 sau 300 phit chiéu sang.

Theo cac tac gia [16], khi hé duogc chiéu
sang thich hop, voi su c6 mat cua H,O, va
ferit phan ung phan hay hop chat hiru co
dién ra theo co ché photo-Fenton. Cac
cation (M=Fe,Co) c6 mit trong CoFe,O4 voi
sw c6 mat HyO, (1a chit oxi hoa) xay ra phan
ung Fenton theo cac phan ung sau:

M™  + H,0, — > M 4 OHe +
OH" (M = Fe, Co) (1)

MDD+ H,0,  —s M™ + HOO +
H" (M =Fe, Co) 2)

OHe 4 nhan t§ chinh trong qua trinh phan
huy hop chét hitu co. Do vong Fe(ILIII) va
Co(ILIII) nén tinh bén cua hé ferit dugc tdn
tai trong sudt qua trinh phan huy va cic tac
nhian OHe duoc tiép tuc tao ra.

Theo tac gia [6], La’" khong tham gia vao qua
trinh photo-Fenton. Tuy nhién, do ion La** c6
ban kinh ion (1,216 A) 1én hon cua ion Fe3*

(0,65 A) nén chung sé& thay thé mot phan ion

Fe** trong céc 16 trong bat dién, 1am thay doi
hoat tinh quang xuc tac cua vat li¢u.
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Hinh 7. D6 thi (C/Co)x100 theo thoi gian khi
chi ¢6 mat H,O; (1), LCF0 (2)
va khi ¢6 mat dong thoi HO; va LCF0
+LCF10 (3-8)
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Hinh 8. Sy phu thuoc In(C,/C) vao thoi gian t
khi ¢6 mdt dong thoi H>O; va LCFO (1),
LCF1 (2), LCF3 (3), LCF5(4), LCF7(5)
va LCF10 (6)



Pé xac dinh yéu td dong hoc cua phan Gng,
chung t6i tién hanh tinh dai luong In(C,/Cy)
theo thoi gian va dua ra ¢ hinh 8. Két qua
cho théy, su phu thugc In(Co/Cy) vao thoi gian
khi c6 mat vat liéu LCFO ~ LCF10 tuén theo
phuong trinh duong thing véi hé s6 hdi qui
cao. Diéu nay chimg t6 phan img phan hiuy MB
trén xuc tac LCFO + LCF10 tuan theo phuong
trinh dong hoc bac 1. Két qua nay ciing phu
hop v6i két qua nghién ctru cua tac gia [16].

4. KET LUAN

P téng hop duoc cac vat liéu LCFO~LCF10
bing phwong phéap dét chay dung dich voi chat
nén 1a ure. Cac miu LCFO-LCF7 khi nung &
600°C déu thu dugc don pha ciia CoFe,Os.
Kich thuéc tinh thé cia ciac mau LCFI
+LCF10 déu nhé hon so véi mau LCF0. Da
xéc dinh dugc sy co mit ctia cac nguyén té Co,
0, Fe va La trong cac mau LCF0 va LCF7.
Céc mau thu duoc 1a tinh khiét. Cac hat oxit
ciia mau LCFO va LCF7 déu c¢6 dang hinh ciu,
phan b

khé ddng déu. Khi pha tap La®* hinh thai hoc
ctia CoFe,O4 khong thay dbi nhung kich thudc
hat ctia mau LCF7nhé hon so véi miu LCFO.
D3 nghién ctru anh hudng cua diéu kién phan
{mg dén hiéu suit phan huy metylen xanh. Khi
c6 mit dong thoi H,0, cac vat lidu
LCFO~LCF7 va dugc chiéu sang 300 phut,
hiéu sudt phan huy MB ting tir 45,36 dén
77,6% va giam xudng 73,4% véi mau LCF10.
Phan ung phan huy MB trén cac hé xuc tac
tuan theo phuong trinh dong hoc bac 1.

TAI LIEU THAM KHAO

1. Tetiana Tatarchuk, Mohamed Bououdina,
Wojciech  Macyk, Shyichuk,
Natalia Paliychuk, Ivan Yaremiy, Basma Al-
Michat (2017),
“Optical, and Magnetic Properties of Zn-

Olexander

Najar, PaciaStructural
Doped CoFe;O4 Nanoparticles”, Nanoscale
Research Letters, 12, 141, DOI 10.1186.

2. M. Sundararajan, V. Sailaja, L. John
Judith (2017),

Kennedy, J. Vijaya

12

“Photocatalytic degradation of rhodamine B
under visible light using nanostructured zinc
doped  cobalt ferrite:  Kinetics and
mechanism”, Ceramics International, 43(1),
540-548.

3. Yang Li, Dan Chen, Shisuo Fan, Ting
Yang (2019), “Enhanced visible light assisted
Fenton-like degradation of dye via metal-
doped zinc ferrite nanosphere prepared from
metal-rich industrial wastewater”, Journal of
the Taiwan Institute of Chemical Engineers,
96, 185-192.

4. Jesudoss SK, Vijaya JJ, Kennedy LJ et al

(2016), “Studies on the efficient dual
performance  of  Mn;«NiFe;O4  spinel
nanoparticles in  photodegradation and

antibacterial activity”, J Photochem Photobiol
B, 165, 121-132.

5. Keziban Atacan, Miinteha Ozacar, Mahmut
Ozacar (2018), “Investigation of antibacterial
properties of novel papain immobilized on

tannic acid modified Ag/CuFe,Os magnetic

nanoparticles”, International Journal of
Biological Macromolecules,109, 720-731.
6. Rajendran Indhrajothi, Ignacimuthu

Prakash, Manne Venkateswarluc and Nallani
Satyanarayana (2015), “Lanthanum ion (La*")
substituted CoFe 04
lithium ion battery applications”,
Society of Chemistry, 89, 68-78.

7. M.A. Almessiere, Y. Slimani, A.D.
Korkmaz, N. Taskhandi, M. Sertkol, A.
Baykal, Sagar E. Shirsath, I. Ercan, B.
Ozgelik (2019), “Sonochemical synthesis of
Eu*" substituted CoFe,O4 nanoparticles and
their

anode material for

Royal

structural, optical and magnetic
properties”, Ultrasonics Sonochemistry, 58,
104621.

8. V. Manikandan, Juliano C. Denardin, S.
Vigniselvan, R.S. Mane (2018), “Structural,
soft

properties of lithium (Li) substituted nickel

dielectric and enhanced magnetic

ferrite (NiFe;O4) nanoparticles”, Journal of



Magnetism and Magnetic Materials, 465,
634-639.

9. Ljubica Andjelkovi¢, Marija Suljagic,
Mladen Lakié¢, Dejan Jeremié¢, Predrag Vulié,
Aleksandar S. Nikoli¢ (2018), “A study of the
structural and morphological properties of Ni-
Zn-ferrite Ni-Zn-ferrites
functionalized  with  starch”,
International, 44(12), 14163-14168.
10. Ali Maleki, Nazanin Hosseini, AliReza
Taherizadeh  (2018),
characterization of cobalt ferrite nanoparticles

ferrite, and

Ceramics

“Synthesis  and
prepared by the glycine-nitrate process”,
Ceramics International, 44(7), 8576-8581.

11. Rimi Sharma, S. Bansal,Sonal Singhal
(2016), “Augmenting the catalytic activity of
CoFe,04 by substituting rare-earth cations
into the spinel structure”, RSC Advances, 6,
71676-71691.

12. M.A. Khana, M.J. Rehman, K. Mahmood,
I. Ali, M.N. Akhtar, G. Murtazae, 1. Shakirf
and M.F. Warsi (2015), “Augmenting the
catalytic activity of CoFe,O4 by substituting rare
earth cations into the spinel structure”, Ceram.
Int., 41, 2286-2293.

13

13. Abul Kalam, Abdullah G. Al-Sehemi,
Mohammed Assiri, Gaohui Du, Tokeer
Ahmad, Irfan Ahmad, M. Pannipara (2018),
“Modified solvothermal synthesis of cobalt
ferrite (CoFe»Os) magnetic nanoparticles
photocatalysts for degradation of methylene
blue with H,O»/visible light”, Results in
Physics, 8, 1046-1053.

14. Aiman Zubair,Adeel Hussain Chughtai,
Muhammad Naeem Ashiq (2017), “Structural,
morphological and magnetic properties of Eu-
doped CoFe;O4 nano-ferrites”, Results in
Physics, 7,3203-3208

15. C.H. Chiaa, S. Zakariaa, M. Yusoff, S.C.
Goh , C.Y. Haw,Sh. Ahmadi , N.M. Huang,
H.N. Limc (2010), “Size and crystallinity-
dependent magnetic properties of CoFe 04
nanocrystals”, Ceramics International, 36,
605-609.

16. Rajan Babu D, Venkatesan K.(2017),
“Synthesis of nanophasic CoFe,O4 powder
by self-igniting solution combustion method
using mix up fuels”, Journal of Crystal
Growth, 467, 184-197.



	1_curves
	Tap 25 - so 2 (HC)
	Tap 25, so 2
	1
	2
	3
	4
	5
	6
	7
	8
	9. Dang Duc Khanh- Gui Tap Chi PTHL và SH 11
	10  9A
	11  10
	12   11
	13   12
	14   
	15  14
	16     15Â
	17         16
	18     17
	19   
	20   
	21    
	22    21
	23   
	24    
	25    . báo t
	26   
	27  
	28  
	29   
	30   
	31 chuan
	32
	33
	34
	35
	36   XÁC ĐỊNH ĐỒNG THỜI ASPARTAME VÀ SACCHARIN  ghep    207-212
	36A
	36B
	37
	38
	39
	40

	Muc luc so 2




