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SUMMARY

PREPARATION, STUDY ON STRUCTURAL CHARACTERIZATION AND
PHOTOCATALYTIC DEGRADATION OF RHODAMINE B ON SPINEL CoNdyFe,«O4
NANOPARTICLES

The present work deals with the study of Nd-doped CoFe,O4 samples, which were prepared by a solution
combustion method. The obtained samples were characterized by powder X-ray diffraction (XRD),
scanning electronmicroscopy (SEM), transmission electronic microscopy (TEM), Fourier transform
infrared spectroscopy (FTIR), energy dispersive X-ray analysis, UV-Visible diffuse reflectance spectra
(DRS). The effect of Nd** ions substitution on the structural, optical and photo-Fenton activity of
CoNd,Fe,_, 0,4 has been investigated. The addition of Nd** ions caused a decrease in the grain size of
ferrites, the reduction of the optical bandgap energies and thus could be well exploited for the catalytic
study. The photocatalytic activity of the synthesized CoNd,Fe,.,O4 nanoparticles is investigated by using
Rhodamine B dye under visible light and presence of H,O,. The efficiency of photocatalytic activity of
cobalt ferrite increases with increase in Nd-doping. Due to effective separation and inhibition of e/h*
pair recombination, relatively higher photocatalytic of RhB was achieved for CoNdyFe, O, (x = 0.01 +
0.05) when compared to CoFe,0,4. The first order rate constant for CoNd,Fe,O, (x = 0.01 + 0.05) is
faster than CoFe,0,.

Keywords: Nd doped CoFe,O,, solution combustion method, nanoparticles, photocatalytic, Rhodamine B.

1.MO PAU thire chung 1a MFe,O, (M = Mn, Fe, Co, Ni,
Zn...) 1a mét trong nhitng vat liéu quang xdc tac
nhiéu trién vong do c6 kha niang hip thy anh
sang vung kha kién va d& dang duoc tach ra khoi
hé nho tir tinh [1]. Hoat tinh quang xtic tac cua
cac h¢ ferit tinh khiét da duoc nhiéu nha khoa
hoc quan tdm nghién ctru. Hiéu suit ciia phan
ung quang xuc tac khi c6 mat ferit phu thudc vao
mot s6 yéu t6 nhu: hinh thai hoc, kich thu6c hat,
ion kim loai thay thé trong mang ferit...[2].
Nhiéu nghién ctru da chi ra rang, khi pha tap ion
kim loai hoa tri II hodc III, cdu tric, hinh thai
hoc va hiéu suat quang xuc tac cia cac ferit thay
d6i [4,8,11,12,13]. Trong bai béo nay ching toi

Hién nay, véi sy phat trién manh m& cua nhiéu
nganh cong nghiép dét da va dang lam cho moi
truong nudc ngdy cang bi 6 nhiém bdi cac hop
chit hitu co. Mot trong nhitng phuong phap hiéu
qua dé giai quyét vin dé trén 1a phuong phap
quang xuc tac. Phuong phap nay dua trén viéc su
dung chit ban dan va nguén sang dé thyuc hién sy
phan huy cac chét hitu co. Dic biét ndi troi cua
phuong phap quang xUc tac 1a than thién véi moi
truong, c6 kha nang phan huy hoan toan cac chét
hiru co 6 nhiém thanh cac chat v6 co khong doc
hai nhu CO; va H,0. Céc spinel ferit, vdi cong
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nghién ctru anh hudéng cua ion Nd** dén céu trac
va hoat tinh quang xtc tac phan hiy rhodamin B
cua vat li€u coban ferit.

2.THU'C NGHIEM
2.1. Hoa chat

Céc hda chit chinh dugc sir dung dé tong hop ferit
la  Co(NO3),6H,0 (Merck), Nd(NOs)s.6H,0
(Merck), Fe(NOs)3.9H,0 (Merck) va ure CO(NH,),
(Merck).

2.2. Téng hop vit liéu nano CoNd,Fe, O (x =10
+0,05) biing phwong phap dbt chay dung dich
Cén chinh xac mot lugng ure, hoa tan vao nudc,
thém vao d6 cac luwong Co(NOs),.6H,0,
Fe(NO3)3.9H,0 va Nd(NOs);.6H,0 thich hop
[6,8]. Hon hop duoc khudy trén may khudy tir &
70°C trong 4 gid. Say khd cac  mau va nung &
500°C trong 3 gio, thu dugc cac vat liéu
CoNd,Fe,.O4(x = 0; 0,01; 0,03 va 0,05).

2.3. Xac dinh cac dic trung ciaa vt liéu

Pé xac dinh thanh phan pha cta c4c mau chlng
t6i st dung phuong phap nhiéu xa bot. Gian dd
nhiéu xa Ronghen cia cic mau dugc do trén may
D8 ADVANNCE Brucker cua Pac ¢ nhiét do
phong véi goe quét 20 = 20 + 80°, bude nhay 0,03%s
vai bire xa CuK,, (A=0,15406 nm). Kich thudc tinh
thé trung binh (r, nm) cua cac miu duoc tinh
~ 0,891
" B.cosO
do: B 1a do rong ung véi nira chidu cao cua pic
cuc dai (FWHM) tinh theo radian, 6 1a géc nhidu
xa Bragg tng véi pic cuc dai (d9).

theo phuong trinh Scherrer: r , trong

Anh hién vi dién ttr quét (SEM) ctia cac mau dugc
do trén may JEOL 6490 JED 2300 (Nhat Ban).
Phé tan xa ning lugng tia X cua cac mau duge do
trén may EMAX (Anh). Pho hong ngoai ctia cac
mau duoc do bang cach ép vién véi KBr, trén may
FTIR Affinity - 1S (Nhat Ban). Pho phan xa
khuéch tan tir ngoai-kha kién duoc do trén may
U4100 (Hitachi). Gia tri nang lugng ving cam cua
céc mau duoc xac dinh bang phuong trinh Wood-
Tauc [7]: a.hv = A (hv-Ey)"; trong do: o 1a d hap
thu quang; hv 14 ning lugng cua photon; A Ia hing
s0; Eq la nang lugng ving cAm; n 14 hang sb va n
=2 dbi vai chit ban dan thing.
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2.4. Nghién ciru hoat tinh quang xtc tic phian
hiy rhodamin B cia cac vat li€u

Chun bi 6 binh tam giac 250 mL, thém vao d6
100 mL dung dich rhodamin B (RhB) 10,0 mg/L.

Ddi véi binh 1, thém 1,5 mL H,0, 30% rdi chiéu
séng bang deén Led (P = 30W) trong 150 phdt.

Thém 100 mg vat liéu CoFe,O4 vao binh 2 va
khudy mau 30 phat & nhiét do phong trong bong
t6i cho dat can bang hap phu. Ly 5mL mau dem
li tam rdi do d6 hap thu quang. Dung dich con lai
trong binh dwoc chiéu sang bang dén Led trong
150 phat.

Trong cac binh 3-6, thém 100 mg lan luot cac vat
liéu CoNd,Fe,,O, (x = 0 + 0,05). Khudy cac
mAau ¢ nhiét do phong trong bong tdi 30 phut dé
dat can bang hap phu. Ldy 5mL mau, dem ly tAm
loc bo chét rén, rdi do do hép thy quang ciia dung
dich. Luong mau con lai trong binh dugc thém
1,5 mL H,0, 30%, 1di chiéu sang bang dén Led (P =
30W) va khudy tiép trong khoang thoi gian 150 pht.

Trong qua trinh phan tmg, ¢t sau 30 phit, liy SmL
mau, li tAm loc bo chét rdn rdi do d6 hap thu quang
cua dung dich & budc song khoang 553 nm. Dya
vao dudng chudn tinh dugc ndng do ciia RhB tuwong
tng 1a C, va C,. Hiéu suit phan hay RhB dugc

x4c dinh bang cong thirc: H%:%.loo;

o
trong d6: C, 1a nong d6 cua dung dich RhB
sau khi dat can bang hip phu (mg/L); C; la
ndng do cua dung dich RhB tai thoi diém t phat
(mg/L).

Dé danh kha ning tai str dung sau qua trinh thuc
hién phan (mg quang xuc tic, chung toi tién hanh
thu hdi cac miu xuc tic CoNdyFe,,Os (X = 0 +
0,05) sau phan tmg bang cach ding tir trudng cua
nam cham. Cac mau dugc rira sach béng nude va
ethanol, say kho trong chan khong & nhiét do
70°C, trong 24 gio. Tién hanh danh gia kha ning
quang xuc tic phan huy RhB cia cac mau vat
li¢u trong diéu kién tuong ty nhu ddi voi cac
binh 3-6.

3.KET QUA VA THAO LUAN
3.1.Mgt sb dic trung ciia cAc miu vit liéu

Gian d6 XRD ctia cac mau khi nung & 500°C
dugc chi ra & Hinh 1. Hinh 1 cho théy, trong céc
mau CoNd,Fe,,0, (x = 0 + 0,05) déu thu



duoc don pha spinel v6i cac dinh nhiéu xa
dic trung 1a (220), (311), (222), (400),
(422), (511), (440), Gtng v6i thanh chudn sb
022-1086 [6]. Kich thudc tinh thé cua cac
mau CoNdFe,,O4 (x = 0,01+ 0,05) déu nho
hon so v&i cia miu CoFe,O, tinh khiét
(Bang 1). Céacion Nd*" c6 xu huéng xam
nhap vao cac vi tri héc bat dién. Tuy nhién,
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Hinh 1. Gidn do XRD cua céc
mau CoNd,Fe,..04 (x =0 + 0,05)

Két qua do phd hdong ngoai (IR) (Hinh 2) cho
thiy, trong cic mau CoNdFe,..O, (x = 0 + 0,05)
déu xuét hién dai hép thu dic trung cho cac lién
két M-O 6 10 tréng tir dién (v;) va bat dién (vy).
Gia tri v, va v, ciia cac mau CoNdyFe, O, (X =

do ban kinh cua ion Nd** (0,98 A) 16n hon
nhiéu so véi cua ion Fe** (0,65A) va Co?*
(0,78A) 1am cho sy xdm nhip viao mang
khong thuan lgi. Pidu nay dd han ché su
phat trién cua hat ferit nén kich thudc tinh
thé giam [9,10]. Hién tugng nay ciing dugc
quan sat trong trudng hop pha tap ion La®*
vao CoFe,0,[2,7].

8 x=0.05
€
(1]
£ |x=0.03
E  —~_
2 | x=0.01
© kw
Z

x=0
O
1000 900 800 700 600 500 400

Wavenumber (cm™)

Hinh 2. Phé IR czia cAc mdu CoNd,Fe,, O,
(X =0+ 0,05)
0,01 + 0,05) d&u cao hon so v&i miu CoFe,0,
tinh khiét (Bang 1). Theo tac gia [7,10], do ban
kinh ion ctia Nd** 16n hon ctia Fe** nén c¢o su
chuyén dich cta ion Fe** vé phia O lam giam
do6 dai lién két, do d6 gay ra su tang s6 song.

Bang 1. Kich thuéc tinh thé (r), ddi hdp thu ddc trung trong phé FT-IR cua lién két M-O ¢ héc ti dién
(v1) va héc bét dién (v,) ciia cac mau CoNd,Fe,.«04 (x = 0 + 0,05)

Stt MAau CoNd,Fe,.0, r (nm) vi (cm™) v, (cm™)
1 x=0 29,4 551,6 4243
2 x=0,01 26,9 582,5 4745
3 x=0,03 255 590,2 482,2
4 x=0,05 24,7 584,4 4744
Phé EDX cia vat licu CoFe,0, va méu CoNdo osFe; 0s04. Ngoai ra, khong xuét hién

CoNdy gsFe; ¢504 (Hinh 3) cho thay, déu xuat hi¢n
cac pic dic trung ciia Co, Fe, O va Nd dbi véi
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céc pic ddc trung cua cac nguyén tb khac, chimg
t6 cac mau thu duoc 1a tinh khiét.
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Hinh 3. Phé EDX cua vat liéu CoNd,Fe,.O, véi x =0 (a) va x =0,05 (b)
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. . ST 3+ a 3 n
Gia tri nang luong ving cdm (Eg) ciia cdc mau tuong tic gilra ion Fe™ va ion Re™, gy ra sy

duge xic dinh bing phuong trinh Wood-Tauc, bién dang mang tinh thé ferit. Do tuong tic clia
dugc dua ra & Hinh 4. Két qua cho thiy, gia tri ion Re™ véi cic ion Co™, Fe™ tao ra Cé,C trang
nang luong ving cAm ciia miu CoNdo gsFe16:04 thai nang lugng 4f-3d c6 nang lu’qrrlg thap ho?.
14 1,35 eV, nho hon so véi ciia mau CoFe,0, tinh Vi vay gia tri nang lugng ving cam cua mau
khiét (1,57 eV). Didu nay chimg t6 ring, su pha CoFe,0, giam khi ham lugng ciia ion Nd** ting.
tap ion Nd® da anh huong dén ning lugng ving Nhan dinh nay ciing dugc tac gia [7]rdua ra kl‘}i
cim ol CoFe,0,. Téc gid [2,6,8] cho ring, khi nghién ctru anh hudng cia ion La®" dén tinh chét
pha tap cac ion dat hiém (Re*") c6 bén kinh ion ctia CoFe;0,.
16n hon ban kinh cta ion Fe*" lam xuét hién
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Hinh 4. Si phu thugc ciia gid tri (ahv)? vao ndng lirong photon dnh sang hap thu hv cia
cdc méu CoNdyFe,,0,4 véi x =0 va x = 0,05

Anh hién vi dién tir quét SEM (Hinh 5) cia mau ~ trung binh cua miu CoNdosFe; 5504 khoing 25-
COFe;0; va CoNdgosFerss0s khi nung & 500°C 35 nm, nho hO’I'l so v6i mau CoFe,O, tinh khi§t
cho thdy, cac hat nano thu duge déu cé dang hinh (35-40 nm). Két qua nay ciing phit hop véi ket
da gidc, kich thuée kha déng déu. Kich thudc hat qua tinh toan tir gian do XRD.
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Hinh 5. Anh SEM va sy phan b kich thuréc hat ciia vat lieu CoNd,Fe,.O, véi x =0 (a,c) vax = 0,05 (b,d)
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3.2. Hoat tinh quang xic tac phian hiy
Rhodamin B ciia cic miu

Do thi (C/Cy)x100 theo thoi gian t (phut) cua
dung dich RhB trong cac diéu kién khéc nhau
duoc dua ra ¢ Hinh 6. Két qua cho théy, H,0,
cling c6 kha nang phan huy RhB, sau 150 phut,
hiéu suat phan hiay RhB dat 6,33 %. Khi chi c6
mat vat liéu CoFe,0, va duoc chiéu sang thi
hiéu suat phan huy RhB dat 22,69 % sau 150
phut. Véi sy c6 mat dong thoi cua H,O, va
CoFe,0,4thi 57,11% RhB bi phan huy khi duoc
chiéu sang. Nhiu nghién ctru di chi ra ring,
khi trong hé c6 mit dong thoi ferit, H,O, va
chiéu sang, ngoai phan tmg quang xuc tac

thong thuong con c¢6 phan tng Fenton di thé
[1]. Céc ion Fe(lll) trén bé mat cua ferit phan
ung voi HyO, tao ra cic géc peroxide va
hydroxyl c6 tinh oxi héa manh. Cac gbc nay oxi
héa phan hiy cic hop chit hiru co nhu
rhodamine B, methylene blue,...tao thanh san
phim cudi cing 1a CO, va H,0. Co ché phan
ung dugc mo ta & cac phuong trinh (1) = (6).

CoFe,0, + hv — CoFe;04+e +h™ (1)
H,0, +e — *OH + OH" )
Fe** + H,0, —»Fe”* + ‘O0OH + H* ®)
Fe¥*+ 'OOH — Fe* + 0, + H* (4)
Fe** + H,0, —»Fe® + ‘OH + OH (5)
RhB + (OH, ‘OOH) — CO, + H,0  (6)

100 4
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Hinh 6. D6 thi (C/Cy)x100 theo thoi gian chiéu sang khi cé mat:
H,0, (1), CoFe,0, (2), H,0, + CoNdFe,, 04 véi x =0 (3), x=0,01(4), x=0,03 (5), x=0,05 (6)

Khi lugng ion Nd*" trong cac miu CoFe,0,
tang, hiéu suét phan huy RhB cua cac vat liéu
tang tir 57,11% dén 86,66% sau 150 phut chiéu
sang. Nhu vay, hoat tinh quang xtc tac cta cac
mau CoFe,04 pha tap Nd* dugc ting cuong.
Theo tic gia [10], mdc du cac ion Nd** khong
tham gia vao qué trinh Photon-Fenton nhung su
¢6 mit clia chung trong mang tinh thé ferit da lam
giam kha ning tai t6 hop cta electron va 18 tréng.
Ngodi ra, sy giam nang luong ving cAm va kich
thudc hat ctia cic mau coban ferit khi pha tap
Nd** ciing gop phan tang hoat tinh quang xuc tac.

Tir két qua thu duge, chung toi xay dung do thi
biéu dién dai luong In(Co/C,) theo thoi gian.
Két qua cho thiy, su phu thudc In(C,/C;) vao
thoi gian khi c6 mat vat liéu mau CoNd,Fe,.
x04 (x = 0 + 0,05) tuan theo phuong trinh duong
thiang voi hé s6 hdi qui kha cao. Piéu nay chimg
to phian tmg phan hity RhB trén xtic tic mau
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CoNd,Fe;.04 (x = 0 +0,05) tudn theo phuong
trinh dong hoc bac 1. Két qua nay ciing phii hop
v6i két qua nghién ctru cia mot sb tac gia [4,6,8].
Hang s6 toc do phan tng bac 1 voi sy ¢6 mit cia
H,0, va ciac mau CoNdFe,, O, (x = 0 + 0,05)
tang tir 6,2.10°% dén 13,4.10° phat™ sau 150 phat
chiéu sang.

Tinh 6n dinh va kha ning tai sir dung 13 mot trong
nhitng yéu td quan trong nhit déi voi bat ky hé
chét xuc tac nao. Uu diém cua hé xic tac ferit 1a
nho ¢6 tir tinh nén c6 thé d& dang tach ra khoi hon
hop sau phan tmg bang cach sir dung nam cham
bén ngoai. Kha ning tai st dung ctia cac mau vat
liéu CoNdyFe, 404 (X = 0 + 0,05) dugc thir nghiém
trong 4 chu ki. Két qua cho thiy, hiéu suit phan
hiy RhB giam khong nhiéu sau 4 chu ki (5-8%).
Diéu nay cho théy, cac hé xtc tac ferit c6 do 6n
dinh cao va c6 thé tmg dung xir 1y cac mau nudc
thai dét nhuom trong thyc té.



4. KET LUAN

- P téng hop thanh cong nano spinel CoNd,Fe,.
04 (x = 0 + 0,05) bang phuong phap ddt chay
dung dich véi chat nén ure. Khi nung & 500°C, cac
mAiu déu thu duoc don pha spinel, c6 dang hinh da
giac, kich thude kha dong déu. Pa x4c dinh duogc s
¢6 mit cta cac nguyén td Co, Fe, Nd, O trong mau
CoNd,Fe, 04 (x = 0; 0,05). Ba xac dinh dugc nang
lugng ving cAm clia mau CoNdy gsFe; 9504 nho hon
so v6i ctia mau CoFe,0,.

- Két qua nghién ctru cho thay, khi dugc chiéu
sdng véi su ¢ mat H,0, va CoNdyFe, 0, (x=0
+0,05), hiéu suét phan hiy RhB ting dan khi luong
ion Nd* pha tap trong mau tang. Phan Gmg phéan huy
RhB trén cac mau xic tac CoNd,Fe,., 04 (x =0+
0,05) tuan theo phuong trinh dong hoc bac 1.
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