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SUMMARY

PREPARATION, CHARACTERIZATION AND PHOTOCATALYTIC ACTIVITY
FOR DEGRADATION OF METHYLEN BLUE
OF SPINEL Zn,Ni; ,Fe;O, (x=0-0,5) NANOPARTICLES

ZnNijFe;O4 (x=0+0.5) nanoparticles have been prepared by a solution combustion method using
glycine as fuel. The samples were characterized by X-ray diffraction, scanning electron microscopy, energy
dispersive X-ray spectroscopy. The XRD results showed that the single-phase Zn’" substituted nickel ferrite
nanoparticles exhibit partially inverse spinel structure with the crystallite size of 17 21 nm. The morphology
of spinel nanoparticles was observed from SEM images and the elemental mapping of Zn-substituted
NiFe;O4 was obtained by using energy dispersive X-ray technique. The maximum photocatalytic
degradation efficiency for Zngs;NipFe;O4 is around (85.2%) when compared to that of NiFe2O4
whose efficiency is around (59.82%). The improvement in photocatalytic degradation efficiency is due
to the effective separation and prevention of electron-hole pair recombination.
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1. MO PAU

Trong nhitng nim gan ddy, véi su phat trién
manh mé& cua nhiéu nganh coéng nghiép dét da
va dang lam cho mdi trudng nudc ngay cang bi
6 nhidm boi cac hop chit hitu co. Mot trong
nhing phuong phap hiéu qua dé xir Iy cac chat
hiru co kho phéan huy 1a phuong phap oxi hoa
néng cao sir dung chét xtic tac quang héa, xuc
tac Photo-Fenton nhu TiO,, ZnO, CdS,
MFe;04. Cac spinel ferit, voi cong thirc chung
1a MFe;O4 (M = Mn, Fe, Co, Ni, Zn...) 1a mot
trong nhitng vat liéu quang xuc tac nhiéu trién
vong do c6 kha ning hip thu anh sang ving
kha kién va d& dang duoc tach ra khoi hé nho

tir tinh [1-3]. Mot sb tac gia da s dung chat
xuc tac ferit trong phan tmg phan hiy nhiéu
hop chat hitu co nhu metylen xanh [3,4],
rhodamin B [5], congo d6 [6]... Tinh chit xuc
tac cua ferit phu thudc vao hinh thai hoc, kich
thudc hat, su thay thé ion trong mang tinh thé...
[7].

Trong nghién ctru nay, vat li€u ZngNi;<Fe,O4
(x=0+0,5) dugc téng hop bing phuong phap
d6t chay dung dich, str dung chit nén 1a glyxin.
Anh huéng cia sy thay thé ion Zn?* trong
mang tinh thé t6i cdu triic va hoat tinh quang
xuc tdc phan hiy metylen xanh cling da dugc
nghién clru.



2. THUC NGHIEM

2.1. Héa chat

Céc hoa chat chinh dugc sir dung dé tong hop
ferit la Ni(NO3),.6H,O (Merck),
Zn(NO3),.4H,O  (Merck), Fe(NOs)3.9H,0O
(Trung Qudc) va glyxin C;HsNO, (Merck).
2.2. Téng hop vat liéu nano ZnNii~FexO4 (x
= 0 +0,5) bang phwong phap dét chay dung
dich

Céan chinh xac mét lugng glyxin hoa tan vao
nudce, thém vao do6 cac lugng Ni(NOs3),.6H,0,
Fe(N03)3.9H20 va ZH(NO3)2.4H20 thich hQ’p.
Hon hop dugc khudy trén may khudy tir & 70°C
trong 4 gio [9]. Siy kho cac miu trén va nung
& 500°C trong 3 gio thu dugc cac vat licu
ZngNij«Fe;04 (x =0+ 0,5).

2.3. Xac dinh cac dic trung cia vit liéu
Thanh phan pha cta mau duoc do trén may D8
ADVANNCE Brucker cua Buc ¢ nhiét d§ phong
v6i gbe quét 20 = 20 + 80°, budc nhay 0,03%s voi
buc xa CuK, (A=0,15406 nm). Kich thudc tinh
thé trung binh (nm) cua oxit dugc tinh theo
0,89.A

B.cos®

phuong trinh Scherrer: 1= ; trong
d6: r 1a kich thuéc tinh thé trung binh (nm), p
1a d6 rong Ung véi nira chidu cao cua pic cuc
dai (FWHM) tinh theo radian, 6 1a géc nhiéu
xa Bragg tng véi pic cuc dai (d9).

Anh hién vi dién tr quét (SEM) ciia cac mau
duogc do trén may JEOL 6490 JED 2300 (Nhét
Ban). Phé tan xa ning luong tia X ctia cac mau
dugc do trén may EMAX (Anh). Phd hong
ngoai cua cac mau duoc do trén may FTIR
Affinity - 1S (Nhat Ban).

2.4. Nghién ciru hoat tinh quang xic tiac
phén hily metylen xanh cia cac vt liéu

a. Anh hwéng cia thoi gian phan ting

Chuan bi cac binh tam gidc 250 mL thém vao
d6 200 mL dung dich metylen xanh 10 mg/L.
Déi v6i binh 1, thém 1 mL H,0, rdi chiéu sang
bang dén Led (P =230W).

Ddi voi binh 2 va 3 thém 100 mg vat ligu
NiFe,Os, khudy mau 30 phit ¢ nhiét ¢ phong
trong bong t6i cho dat can bang hip phu, trich
méu dung dich, dem li tim r6i do d9 hap thy

quang. Dung dich con lai trong binh 2 tién
hanh khudy tiép trong bong ti va trong binh 3
dugc chiéu sang bang dén Led. Ctr sau 30
phat, trich mau dung dich, li tim loc bo
chit ran, do do hap thu quang.

Trong cac binh 4-9, thém 100 mg lan luot cac
vat liéu ZnNi;Fe,04 (x = 0 +0,5). Khudy cac
méu ¢ nhiét d6 phong trong bong tdi 30 phut
dé dat can bang hip phu rdi trich mau, dem ly
tam loc bo chét re‘in, 1oi do do hép thu quang
cia dung dich. Lugng mau con lai trong binh
duogc thém 1 mL H,O; 1di chiéu sang bang dén Led
(P = 30W) va khudy tiép trong khoang thoi gian
300 phut. Sau mdi khodng thdi gian 30 phut, trich
mau dung dich dem li tim loc bo chét rén roi do do
hép thu quang cia dung dich.

b. Anh hwéng ciia lwgng H202

Chuéan bi 3 cdc, mdi cde chira 100 ml dung
dich MB nong d6 10 mg/l va 100 mg vat ligu
Zno3Nig7Fe;04. Céc mau duge khudy ¢ nhiét
d6 phong trong bong tdi cho t6i khi dat can
bang hip phu rdi trich 5 mL mau, dem ly tim
loc bo chit ran, do d hap thu quang cua dung
dich. Cac miu con lai dugc thém lan lugt
1,0mL; 1,5 mL va 2,0 mL H,0, 30% rdi
chiéu sang va khudy trong 300 phit.

Céc dung dich sau khi li tim loc bé chat rin
duoc do do hap thu quang ¢ budc song tir
400 + 800 nm. Dya vao duong chuén tinh dugc
ndng d6 cia metylen xanh tuong tmg 1a C, va C..
Hiéu sudt phan hiy MB dugc x4c dinh bing
cong thirc

Co _Ct

H% = -100

Trong d6: C, 1a ndéng d6 cua dung dich
metylen xanh sau khi dat can bang hip phu
(mg/L); C, 1a ndong d¢ ctia dung dich metylen
xanh tai thoi diém t phat (mg/L).

3. KET QUA VA THAO LUAN

3.1. Mt s6 dic trung ciia cac miu vat liéu
Gian d6 XRD cua cac mau Zn,Ni; Fe;04 (x =
0+ 0,5) khi nung ¢ 500°C duoc chi ra ¢ hinh 1.
Hinh 1 cho thay, trong cac mau Zn,Ni; Fe,O4
(x =0 = 0,5) déu thu duoc don pha spinel véi
cac dinh nhidu xa dic trung 1a (220), (311),
(222), (400), (422), (511), (440), (533) va



(620). Kich thudc tinh thé ctia cic mau Zn,Ni,.
«Fe204 (x = 0,1 + 0,5) khoang tir 17-21 nm, 16n
hon kich thudc ciia mau NiFe,Oq4 tinh khiét
khong nhiéu (bang 1). Hién tugng nay ciing
dugc quan sat trong truong hop Zn®* thay thé
vao mang tinh thé CoFe;O4 [8]. Gi tri hing sd
mang ciia cac mau Zn,NijFeO4 ( x = 0,1 +
0,5) déu 16n hon so véi mau NiFe,Oy. Sy thay
thé ion Zn" ¢6 ban kinh ion (0,88A) 16n hon
ctia ion NiZ* (0,69 A) dd lam ting hang sb
mang [4].
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Hinh 1.Gidn d6 XRD ciia mau ZnNi;.Fe:0,
(x = 0+0,5) khi nung ¢ 500°C

Bdng 1. Kich thuéce tinh thé (r), hang s6 mang (a) va sé séng ciia cdc lién két & 16 trong tir dién (vi) va
16 trong bat dién (v3) ciia cdc mau ZnNijFe;O4 (x = 0+ 0,5) khi nung ¢ 500°C

Stt Méu r (nm) vi (em™) vz (em™)
1 NiFe;O4 16 8,331 584 428
2 Zno,lNio,gFeZO4 18 8,33 8 584 427
3 ZnoyzNio,gFezo4 21 8,374 582 426
4 Zno,3Ni0,7F6204 19 8,371 580 424
5 Zno,4Ni0,6Fe204 19 8,404 580 422
6 Zno,sNi0,5F6204 17 8,355 580 420
lién két M-O & 15 tréng tr dién va bat dién
. kg x=0.5 tuong tng [4,10]. Su thay thé ion Zn?* trong
g\i < i x=0.4 mang tinh thé lam giam gia tri s6 song dao
8 |z o x=0.3 dong cua cac lién két trong 18 tréng tr dién va
s 580 bat dién [4,8].
E LT 02 Phé EDX cia vat litu NiFe:Os va
5 _f\‘\fi/_"ﬂ Zno3Nip-Fe;04 dugc chi ra & hinh 3 cho thiy,
§ 428 ! x=0 déu xuét hién cac pic dac trung cua Ni, Fe, O
= W va Zn dbi véi mau NiFe;04 va Zno3NioFe;Os.
Ngoai ra, con xuét hién mot luwong nhé C trong
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Hinh 2. Phé IR ciia mau ZnNi;..Fe;O4 (x = 0
+0,5) khi nung ¢ 500°C

Két qua do phd hong ngoai (hinh 2) cho thiy,
trong cac mau ZnNijFe,04 (x = 0 +0,5) déu
xuét hién ciia cac pick ddc trung tir 500 + 600
em™ va 400 + 500 cm™! dwoc quy két cho cac

mAau Zno3Nio 7Fe,04. Nguyén nhan c6 thé 1a do
trong mau con mot lugng nhéd hop chét hitu co
chua chay hét.

Anh hién vi dién tir quét (SEM) (hinh 4) cua
mﬁu NiF6204 va Zn0,3Nio,7F6204 khi nung o
500°C cho théy, cac hat nano thu duoc déu co
dang hinh cau, kich thuéc kha dong déu,
khoang 20 nm. Nhu vdy, sw pha tap Zn>*
khong 1am thay d6i hinh thai hoc ctia NiFe,O,.
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Hinh 4. Anh hién vi dién tir quét (SEM) ciia mau NiFe Oy (a) va ZngsNig 7Fe:04 (b)

3.2. Hoat tinh quang xuc tac phan hiy
metylen xanh ciia cic miu

a. Anh huéng ciia thoi gian phan ing

Do thi (C/C,)x100 theo thoi gian t (phut) cta
dung dich metylen xanh trong cac diéu kién
khac nhau duoc dua ra & hinh 5 va hinh 6.
Két qua cho thdy, H,O, ciing c¢6 khi ning
phan huy MB, sau 300 phut, hiéu suat phan
huy MB dat 16,0%. Khi chi c6 mat vat li¢u
NiFe,04 va tién hanh trong diéu kién khong
va 6 chiéu sang thi hiéu suat phan huy MB
dat twong ung la 10,8% va 30,16% sau 300
phut. Vi sy ¢6 mat dong thoi cua H,O; va
chét xtic tac nhung khong duoc chiéu sang,
chi c6 26,5% MB bi phén huy va tang lén
dén 59.82% khi dugc chiéu sang. Tac gia
[2,7] cho rang, khi trong hé c6 dong thoi
H,0,, ferit va duoc chiéu sang, phan tng

phan huay chit hitu co dién ra theo co ché
Photo-Fenton. Do d6 hiéu sut phan hiuy MB
tang.

Khi thay thé ion Zn?* vao mang tinh thé
NiFe,O; thi hiéu suit phan hiy MB dat cao
nhat d6i véi ZnesNig7Fe,04 (85,20%), sau d6
giam d6i véi mAu  ZnosNipsFe,04 va
ZnosNipsFexOs. Sy ¢6 mit cua ion Zn?' trong
mang tinh thé d4 1am giam kha ning tai to hop
ctia electron va 13 tréng, do d6 hoat tinh quang
xlic tac duge cai thién. Khi x > 0,3, hi¢u suét
quang xic tac giam do sy thay ddi cau triic khi
luong Zn?* thay thé dat dén bao hoa [5].

D6 thi biéu dién dai lwong In(C./C) theo
thoi gian duge dua ra ¢ hinh 7. Két qua cho
thdy, su phu thudc In(C,/Cy) vao thoi gian khi
c6 mat vat liéu ZnyNi;Fe 04 (x = 0+0,5) tuan
theo phuong trinh dudng thing véi hé sb hoi



qui cao. Piéu nay chimg to phan tng phan hiy
MB trén xtc tac ZngNijFe;Os (x = 0+0,5)
tuan theo phuong trinh dong hoc bac 1. Két
quéa nay ciing phu hop voi két qua nghién ctru
cua tac gia [4].
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Hinh 5. Do thi C/C,)x100 theo thoi gian t khi chi
c6 mdt HyO; (1), NiFe;O, + bong t6i (2),
NiFe;0, + chiéu sang (3), NiFe;04 + H)O; +
béng t6i (4) va NiFe;O4 + H:O; + chiéu sing (5)
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Hinh 6. Do thi C/C,)x100 theo thoi gian
chiéu sang khi ¢6 mdt dong thoi H,O; va
Zno_1Ni0_9F€204 (1), Zno,zNio,gFegoz; (2),
ZI’lo,3Nl'o,7FezO4 (3), Zl’lo,4Nl'o,6F€204 (4) Vd
ZnysNigsFeOy4 (5)
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Hinh 7. Su phu thuoc cua In(C,/C) theo thoi
gian chiéu sang khi cé mdt dong thoi H,0; va
ZneNi|<Fe;O4 (x=0+0,5)

b. Anh hwéng cia hrgng H20;

Ph6 UV-Vis ctia dung dich MB khi duoc chiéu
sang voi sy 6 mét cia Zng 3Nig7Fe204 va H,0,
30% v6i thé tich khac nhau dugc dua ra & hinh
8. Két qua tinh toan cho thdy, khi thé tich H,O,
tang tir 1,0 mL dén 1,5 mL thi hiéu suét phan
huy MB ting tir 852% dén 94,02%. Tuy
nhién, tang thé tich H,O, 1én 2,0 mL thi hiéu
sudt giam xudng (87,99%). Diéu nay duogc giai
thich nhu sau: khi lugng H,O» trong dung dich
tang, lugng géc ‘OH tao ra ting, do do hiéu
sudt quang xdc tac ting. Tuy nhién, khi lugng
H,0, vuot qua mot gidi han nhét dinh, cac géc
"OH du s& phan tmg véi H,0, dé tao HO," hodc
phan ung vdi nhau tao nén H,O,. Do d6 lam
giam sb lwong gbc

*OH nén hiéu suét phan hity giam [11].
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Hinh 8. Phé UV-Vis ciia dung dich MB ¢ cdc thoi gian khdc nhau khi ¢6 mdt dong thoi
Zng,3Niog 7Fe:04 va H:O, véi thé tich khdc nhau
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4. KET LUAN

- Da tong hop thanh cong nano spinel ZnNi;.
Fe,04 (x = 0 + 0,5) bang phuong phap dbt
chay dung dich véi chét nén glyxin. Khi nung
& 500°C, cac mau déu thu duoc don pha spinel,
¢6 dang hinh cau, kich thudc khoang 20 nm.
ba x4c dinh dugc su c6 mat clia cac nguyén td
Ni, Fe, Zn, O trong mau Zn,Ni; sFe;O4 (x = 0;
0,3). Dao dong cua céac lién két M-O trong 15
tréng tir dién va bat dién cua cac mau da duoc
quan sat trén pho IR.

- Két qua nghién ctru cho thay, khi dugc chiéu
sang véi o mat HoO, va ZnyNij<Fe;04 (x =0
+0,5), hiéu suit phan hay MB dat tuong déi
cao. V&i su c¢6 mit cia mau  Zng3Nig7FeOq,
hiéu suét phan hiy MB dat cao nhét sau 300
phit chiéu sang. Phan tmg phan hity MB trén
xuc tac ZngNijxFe 04 (x = 0+0,5) tuadn theo
phuong trinh dong hoc bac 1. Anh huong cia
lugng H,O, dén hiéu sudt phan huy MB da
dugc nghién ciru.
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