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In this research, CoixZnxFe204 (x=0-0,5) spinel ferrites were synthesized
at 500°C by combustion method using glycine and metal nitrates. The
powder samples were characterized by thermogravimetric and
differential thermal analysis (TG-DTA), X-ray diffraction (XRD),
transmission electron microscopy (TEM), energy-dispersive X-ray
spectroscopy (EDX). X-ray analysis showed that all samples have single
phase cubic spinel structure. Structural parameters of spinels were also
determined from XRD datas. The lattice constants, cell volumes
increased with the increase in zinc substitution. The average crystallite
sizes of the particles were determined with Zn content from 11 to 16 nm.
The TEM images reveals the spherical shapes of nanoparticles with an
average particle size less than 20 nm. The photocatalytic activity of the
spinels were tested by the degradation of methylene blue (MB) in
aqueous solution under visible light. The results showed that Zn doped
spinels exhibited higher photocatalytic activity than CoFe204. Among all
the samples, the maximum degradation efficiency was achieved by the
0.4 Zn substituted cobalt ferrite.

Gidi thiéu chung

tréi hon so véi cac loai nano oxit sat da nghién clu
truéc dd bdi N6 ¢é tinh chét héa ly En dinh, it bi oxi

Vdi su da dang vé thanh phan, cdu trdc cling nhu kha
nang Ung dung, spinel ferit MFe204 (M = Mg, Mn, Co,
Ni, Cu,..) thu hdt dugc nhiéu su quan tam nghién clu.
Chung dugc str dung trong ché tao linh kién nhu: cuén
cam, 16i dan tu,... trong radio, tivi, thiét bj ghi tur [1-3].
Trong ho vat liéu ferit, CoFeO4 c6 kha nang thay thé
cho kim loai quy dé lam xuc tac hoa hoc va quang xdc
tac xU ly cac chat mau hitu cd trong nudc. Hat nano
CoFex04 ¢b tinh tir tinh tuong déi t6t, mat khac lai rat
than thién vd&i moi trusng. N6 ¢d nhiéu uu diém vuct

hdéa, tinh di hudng cao,... Su pha tap ion kim loai nhu
Zn, Sr, .vao spinel ferit c6 thé cai thién tinh chat hoa ly
cling nhu tang kha nang Ung dung clia hé [4-6].

Hién nay co rat nhiéu phucong phap dé téng hgp vat
liéu nano ferit nhu: Phuong phap hinh thanh tir pha
khi, phuong phép cd hoc, phuong phép hda udt,...
Trong do, phuong phap dét chéy gel la mét phuang
phép cé nhiéu uu diém trong t8ng hop vét liéu nano
[7,8].
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MGt hudng Uing dung dugc quan tam nhiéu do la Ung
dung vat liéu nano spinel ferit cho muc dich x ly
nudc bi nhiém ban. Ngay nay, cing vdi sy phét trién
kinh t& xa hoi la viéc phat thai cac chét nguy hai, tac
dong tiéu cuc dén modi trudng, dac biét 1a moi trudng
nudce [9, 10].

Trong bai bao nay, vat liéu nano spinel Co1xZnxFez204
dugc téng hop bang phuong phép dét chay va danh
gia kha nang phan hlly quang xdc tac cla vét liéu tng
hap.

Thuc nghiém va phuong phap nghién clu
Tong hop vat liéu

Trén dung dich mudi nitrat cla cac kim loai theo ti 1é
mol tinh trudc véi mot lugng xac dinh dung dich
glycine trong nudc. Dung dich nay dudc khudy tu lién
tuc cho dén khitao gel nhét. BE gia hoa gel qua dém
sau dé nung & 500°C trong 90 phut thu dugc bét san
phém.

bdc trung vdt liéu

Phan tich nhiét dugc ghi trén may Labsys TG/DSC
(Setaram, Phap) vai t6c dd nang nhiét la 10°C/phut
trong mdi trudng khéng khi tur nhiét dé phong dén
800°C.

Sy hinh thanh va bién déi pha tinh thé cla vat liéu
t6ng hop dugc xac dinh bang nhiéu xa Ranghen trén
thiét bi D8 Advance cla hang Bruker (BUc) vdi buic xa
¢ budc song A = 1,5406 A

Hinh thai hoc va kich thudc hat dugc xac dinh béng
kinh hién vi dién td truyén qua (TEM) JEM 1010 (JEOL,
Nhat Ban).

PhS tan xa nang luong tia X (EDX) dugc do trén may
JSM 6490-JED 2300 (JEOL, Nhat Ban).

Kha ndng quang xUc tac cla vat liéu CorxZnFe204 vai
x = 0- 0,5 cho phan Ung phan hiy MB si dung ngudn
sang tu béng déen Halogen (150W). Cho vao céc thiy
tinh dung tich 100 ml 0,1 gam Co1xZnxFe204 va 50 ml
dung dich MB 8 ppm, khudy tU & nhiét dé thudng
trong béng téi 3h cho qua trinh hdp phu MB lén vat
liéu dat can bang, sau do chiéu sang hdn hgp bang
bong den halogen (150W) dat cach bé mat dung dich
20 cm. Sau khoang thdi gian 0; 1,5; 3; 4; 4,5 giG trong
diéu kién chiéu sang, 1dy ra 5 ml hdn hap, li tam va loc
bd xuc tac. Phan dung dich sau khi loc xtc tac dugc do
mat dd quang. TU mat dé quang, dua vao phuong
trinh dudng chuén xéc dinh dugc ndng dd MB con lai.

Dua vao su bién déi ciia C/Co theo thdi gian (Ct ndng
d6 MB con lai tai thai diém t; Co: ndng dé MB tai thai
diém dat can bang hdp phu-thdi diém bat dau chiéu
sang) co thé danh gia dugc kha nang phan hiy quang
xUc tac cla vat liéu.

Két qua va thao luan
Phdn tich nhiét

K&t qua phan tich nhiét clia gel dugc trinh bay & hinh 1.
& viing nhiét dé dudi 1200C, dudng TGA chi ra sy mét
khéi lugng 15,9% tucng Ung véi mét pic thu nhiét &
91,60C trén dudng DTA co thé xay ra qué trinh bay hai
nudc cla gel. Trong khodng nhiét dé 120 — 3800C,
duong TGA ghi nhan mot sy gidm khdi lugng manh
(51,6%) tuong Ung trén ducng DTA la mot pic toa nhiét
(Tmax =179,90C). Su gidm khdéi lugng trong qua trinh
nay cé thé do su dét chay glycine trong gel vdéi ion
nitrat déng vai tro nhu 1a chat oxy hda. Qua trinh dét
chéy gel vira cung cdp nang lugng cho tng hap mau
vUa tao ra mét lugng I6n khi nhu H20, CO2, NO2 lam
cho méu x8p va ¢ kich thudc hat nho [11,12].
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Hinh 1: Budng cong TGA va DTA clia mau gel dugc
diéu ché trong céc diéu kién: nhiét d6 800C, pH = 3, ti
I& mol Gly/ion kim loai la 2: 1

Anh hudng cta nhiét dd nung dén su tgo pha spinel
CoFex04

Cac mau dugc diéu ché theo ti 1& mol glycine va ion
kim loai (GL/KL) la 2:1, nhiét dé tao gel 80°C va dugc
nung & cac nhiét do khac nhau 300, 400, 500 va 700°C
trong 90 phut. K&t qua phan tich nhiéu xa tia X clia cac
mau nung & cac nhiét dé khac nhau dugc thé hién &
hinh 2.

Gian do nhiéu xa tia X (hinh 2) chi ra mau nung & nhiét
d6 300°C cht yéu van con & trang théi vo dinh hinh
(cac pic nhiéu xa chua ré rang, pic thap va tu). Mau
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nung & 400°C xudt hién cac pic rd rang han (pic nhon
va cao han). BEi v8i cac mau nung G nhiét do trén
400°C, tinh thé tao thanh t&t hon (pic cao va sic nét).
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Hinh 2: Gian do nhiéu xa tia X clia mau nung & cac
nhiét dé nung khac nhau

Cac mau nung & nhiét do trén 400°C déu don pha.
Phan tich pha chi ra spinel c6 cdu trdc cubic, vi tri va
cudng do tuong déi clia pic phu hgp véi mau chudn
(ICDD #00-01-1121).

Kich thudc hat tinh thé dugc tinh theo cong thic
Scherrer. Hang s& mang (a), thé tich & mang cd s3 cua
spinel dugc xac dinh dua vao phan mém Celref. Khéi
luang riéng cla tinh thé d (g/cm?) dugc tinh theo cong
thic sau [13]:

8M
" Na3

Trong dé M la khéi lugng spinel (g/mol), N la s6
Avogadro N=6,022.1023 mol-1, a la hang s& mang clia
spinel (cm).

Két quéa xac dinh hang sé mang, thé tich 6 mang co s&
va khdi lugng riéng cla tinh thé cla cac mau nung &
cac nhiét do khac nhau dugc chi ra & bang 1. Két qud
(bang 1) cho thay khi nhiét dé tang hang s6 mang tinh
thé giam xuéng, khdéi lugng riéng cla tinh thé tang 1én
do thé tich & mang ca s& giam, déng thai kich thudc
hat tinh thé tang lén do su két tu.

K&t qua phan tich EDX cho thdy ty 1& thanh phan cac
nguyén t6 phu hgp véi cong thic hop thidc hap thic
clia spinel CoFe204 cling nhu diéu kién téng hap mau.
Cac két qua & trén chi ra mau nung & nhiét d6 500°C
¢ pha spinel da hoan thién. Do do, cac mau tiép theo
dudc téng hap & nhiét d6 nung 500°C.

Bang 1: Hang s& mang, thé tich & mang cg s& va khéi
luong riéng cla tinh thé clia cdc mau nung & nhiét dé

khac nhau
Thé tich | Kich
6 mang | thudc Khoi uong
Nhiét d6 | Hang s6 N9 riéng clia
0 € sa hat D . .
nung (°C)| mang (A) ) () tinh thé
(g/cm?’)
300 - - - -
400 8,3961 591,89 10,9 5,265
500 8,3824 588,99 15,5 5,291
700 8,3801 588,50 18,8 5,296

T6ng hop spinel Cor-xZnxFez04

Cac spinel CoixZnxFe204 v&i ham luong pha tap Zn (x)
khac nhau dugc diéu ché cung diéu kién v&i mau
CoFex04 (muc 3.2). K&t qua phan tich nhiéu xa tia X
clia cac mau dugc trinh bay & hinh 3.
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Hinh 3: Gidn do nhiéu xa tia X clia cac mau Con-
ZnxFe204 & nhiét do nung 500°C
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Thong sé mang, kich thudc hat, khéi lugng riéng cla
tinh thé clia cdc mau spinel véi ham luong pha tap Zn
khac nhau dugc chira & bang 2.

Két quéa (bang 2) cho biét khi ham lugng pha tap Zn (x)
vao spinel CoFe;Ox4 tang thi hang s6 mang, thé tich &
mang cd s§ tdng tuong Ung tu 8,3824-8,4376 A,
588,99-600,71 A3. Sy tdng hang s6 mang theo x dugc
giai thich do ban kinh ion Co®* (1,16 A) nho hon ion
Zn** (1,25 A) trong cdu truc tinh thé spinel [14]. Kich
thudc hat tinh thé va khdi lugng riéng cla tinh thé
giam xuéng khi tang ham lugng Zn pha tap pht hop
vdi cong trinh d& cong bé [14].

Anh TEM ctia mau CoFex04 va CoosZnosFe.O4 duac
chira & hinh 4. Cac hat co kich thudc kha déng déu va
ducng kinh trung binh dudi 20 nm. Két qua nay phu
hop vdi két qua tinh toan kich thudc hat tinh thé &
bang 2.
Bang 2: Hang s& mang va thé tich 6 mang ¢g s& cla
tinh thé ctia cac mau CorxZnFe204

ConZnfFeOs Hang s6 The tich| Khoi K/|ch
mang |6 mang| lugng |[thudc hat
(A) cgs¢ | rieng | D (nm)
(A% | cla tinh
thé
(g/cm?)

CoFeyO4 8,3824 588,99 5,291 15,5
Coo,9 ZngiFex04 8,3961 591,89 5,280 14,6
Coo,8ZNng2Fe204 8,4053 593,83 5,277 13,4
COo] ZnogFezOA, 8,4145 595,78 5,274 13,0
Coo,6 ZNgaFex04 8,4284 598,73 5,262 12,3
Coo,5Zng,sFe204 8,4376 600,71 5,259 n7

Hoa - TEM.001 J—
Print Mag: 208000x @ 51 mm 20 nm

(a)

Hoa - TEM.004
Print Mag: 208000x @ 51 mm

(b)
Hinh 4: Anh TEM ctia mau CoFexO4 (a) va
Coo,6Zno4Fe204 (b)

20 nm

Bdnh gid khd ndng phdn hdy MB caa vt liéu Cor-
ZnxFez04

Hoat tinh quang xUc tac cua vat liéu dugc danh gié
qua phan Ung phan hiy MB trong viing anh sang nhin
thdy. D6 thi su phu thudéc Ci/Co vao thdi gian dugc
trinh bay & hinh 5. Cac mau spinel pha tap Zn c6 hoat
tinh quang xuc tac I6n han spinel CoFe204 khéng pha
tap. Su tang hoat tinh xtc tac co thé do su pha tap Zn
vao spinel d& lam tang khuyét tat mang tinh thé, han
ché su tai két hop electron va 16 tréng quang sinh (e-
/h+) hay lam tang thdi gian ton tai clia ching, do dé
lam tdng cudng hoat tinh quang xuc tac cla vat liéu
[15]. Hiéu suét phan hiy MB ctia mau CoosZnosFe:0s4
dat cao nhat (96% sau 4,5 giG chiéu sang).

[=]
2 080
=
(&}
0.60 —o— CoFe204
€00,97n0,1Fe204
040 —8— C00,8Zn0,2Fe204
—8—C00,7Zn0,3Fe204
0.20
—&— (00,52n0,5Fe204
0.00 —8— C00,67n0,4Fe204
0 1 2 3 4 5

Thai gian (h)

Hinh 5: Su phu thudc Ct/Co vao thdi gian clia cac mau
xUc tac khac nhau

Két luan

D3 t6ng hgp thanh céng vat liéu nano spinel Cor-
ZnkFe204 (x = 0-0,5) bang phuong phap dét chay gel
st dung tac nhan glycine & 500°C. Vat liéu téng hop
https://doi.org/10.51316/jca.2021.130
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c6 céu tric cubic va don pha. Ba xac dinh dugc céc
thong s6 mang tinh thé, kich thudc hat, khéi lugng
riéng cla tinh thé cua vét liéu. Su pha tap Zn vao
spinel CoFe204 khdng chi dnh hudng dén cac thong sé
cdu truc ma con anh hudng dén hoat tinh quang xic
tac cta vat liéu. Mau spinel pha tap Zn cho kha ndng
phan hiy MB tang lén va dat cyc dai & mau co ham
lugng pha tap Zn x=0,4.

Tai liéu tham khao

1. T.R. Simbolon, T. Sembiring, M. Hamid, D. A.
Hutajulu, M. Rianna, A.M.S Sebayang, A.P Tetuko,
E.A. Setiadi, Ginting M. and Sebayang P., Journal of
Aceh  Physics  Society 10(2) (2021)  32-35.
https://doi.org/10.24815/jacps.v10i2.18710

2. Mariosi  F.R, Venturini J,, da Cas Viegas A. and
Bergmann C. P., Ceramics International 46(3) (2020)
2772-2779.
https://doi.org/10.1016/j.ceramint.2019.09.266

3. Darvina VY. and Desnita D., Pillar of Physics 12(2)
(2019) 91-97.
http://dx.doi.org/10.24036/6915171074

4. Asri N. S, Journal of Technomaterials Physics 3(T)
(2021) 21-28.
https://doi.org/10.32734/jotp.v3i1.5548

5. Somvanshi S. B., Jadhav S. A., Khedkar M. V., Kharat
P. B, More S. D, and Jadhav K. M., Ceramics
International 46(9) (2020) 13170-13179.
https://doi.org/10.1016/j.ceramint.2020.02.091

6. AzizH.S., Khan R.A, Shah F., Ismail B., Nisar J., Shah
S.M., Rahim A. and Khan A. R., Materials Science
and  Engineering: B 243 (2019) 47-53.
https://doi.org/10.1016/j.mseb.2019.03.021

Nguyen Xuan Dung, Phan Thi Minh Huyen, Luu
Tien Hung, Steffen Schulze, and Michael Hietschold,
International Journal of Nanotechnology 15(1-3)
(2018) 233-241.
https://doi.org/10.1504/IJNT.2018.089571

Luu Minh Dai and Nguyé&n Xuan Ding, Tap chi hoé
hoc 48(1) (2010) 18-23.

Kefeni K. K., and Bhekie B. M., Sustainable Materials
and Technologies 23 (2020) e00140.
https://doi.org/10.1016/j.susmat.2019.e00140

Kefeni K. K, Mamba B. B, and Msagati T. A,
Separation and Purification Technology 188 (2017)
399-422.
https://doi.org/10.1016/j.seppur.2017.07.015

Sharma N. D. Verma M. K., Choudhary N., Sharma
S. and Singh D., Materials Science and Technology
35(4) (2019) 448-455.
https://doi.org/10.1080/02670836.2019.1569836

Khaliullin S. M., Zhuravlev V. D., and Bamburov V.
G., International Journal of Self-Propagating High-
Temperature  Synthesis  25(3) (2016) 139-148.
https://doi.org/10.3103/51061386216030031

Setiyani R. I, Yofentina I., and Budi P., Trans. Tech.
Publications Ltd, 2020, 855.

Vinuthna C. H.,, Ravinder D., Madhusudan R., and
Ravinder D., International Journal of Engineering
Research and Applications 3(6) (2013) 654-660.

Naik M. M., Naik H. B., Nagaraju G., Vinuth M.,
Vinu K., and Viswanath R, Nano-Structures & Nano-
Objects 19 (2019) 100322.
https://doi.org/10.1016/j.nan0s0.2019.100322

https://doi.org/10.51316/jca.2021.130
246


https://doi.org/10.51316/jca.2021.130
https://doi.org/10.1016/j.ceramint.2020.02.091
https://doi.org/10.1016/j.mseb.2019.03.021



