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TOM TAT

Trong nghién citu nay, cdc hat nano spinel ferrite MFe2Q4 (M = Fe, Co) digc tong hop thanh
cong bang phirong phép dong két tia don gian véi tac nhdn két tua la dung dich NaOH 5%. Céc hat
nano don pha spinel FeFe;Ou tao thanh ngay ¢ nhiét do phong, con CoFe;Oa thu dwoc sau khi nung
tién chat bt khé & 800°C trong 1 gio. Két qua nghién ciu bang kinh hién vi dién tir truyén qua
(TEM) cho thdy cdc hat nano FeFexQu c6 dang hinh cau véi kich thuée hat 5-10 nm, con cdc hat
nano CoFe;Os co dang hinh khéi ldp phwong voi kich thudc hat 20-30 nm. Mdu vt liéu nano FeFe;O4
tong hop dirge ¢é tinh chat cia vit liéu siéu thudn tir véi dg tir hod bao hoa rat lom (Ms = 85,75 emulg),
con mau vét liéu nano CoFe;04 thé hién tinh chét cia vat liéu tie cung voi do tir dw va luc khang tir lon
(M; = 63,58 emu/g; Hec = 1092,17 Oe). Cd hai mau vt lidu spinel ferrite MFe:O, déu bi hit manh béi
nam cham ddt hiém.

Tir khod: ddng két tua; FeFe,04; CoFe,0q; kich thudc nano; tinh chit tir

1.  Mé dau

Trong cac oxides ban din kich thudc nanomet thi vat liéu ferrite v6i cdu tric spinel
dang MFe;04 (M = Fe, Zn, Mn, Co, Ni) nhan dugc sy quan tam ca vé nghién ctru co ban lan
nghién ctru Gmg dung, ciing nhu phuong phap téng hop (Lixia et al., 2012; Nguyen et al.,
2016). Cac dac trung vé cAu trac va tinh chit cua vat liéu nano spinel ferrite phu thudc vao
nhiéu yéu t6 khac nhau nhu ban chit hoa hoc cua cac nguyén tb tao nén spinel, sy phan b
cac cation trong mang tinh thé, hinh thai va kich thudc hat, sy pha tap va ca phuong phap
tong hop (Dang et al., 2021; Hoang et al., 2022; Ngo et al., 2018; Nguyen et al., 2016). Hai
trong s6 cac spinel ferrite duoc nghién ctru nhiéu c6 thé ké dén 1a FeFe,Os (Fe3Os) va
CoFe20a. Fe304 1a mot ferrite siéu thuan tir c6 do tir hoa bao hoa 16n (Ms = 60,8-90,8 emu/g),
luc khang tir nho (He = 10-42 Oe) (Lixia et al., 2012; Bui et al., 2019). CoFe204 1a mot ferrite
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tr ciing c6 luc khang tir 16n (He = 495,72-979,20 Oe) va do bao hoa tir trung binh (Ms =
32,67-67,37 emu/g) (Ngo et al., 2018). Tuy thugc vao muc dich tng dung khac nhau ma c6
nhitng yéu cau khac nhau vé thudc tinh tir cua ferrite. Mot trong cac phwong phap c6 thé
diéu khién tinh chét tir ctia spinel ferrite ma nhiéu tac gia da va dang thyc hién 1a diéu chinh
kich thudc hat nano thong qua phuong phap tong hop (Duong et al., 2011; Zi et al., 2019;
Rachidi et al., 2019).

Dé tong hop cac hé vat liéu spinel ferrite MFe204 kich thudc nanomet cac nhom nghién
ctru thuong sy dung ki thuat hoa udt nhu phuong phap sol-gel (Maaz et al., 2007; Ngo et al.,
2018), phuong phép thuy nhiét (Lixia et al., 2012), phuong phap dong két tua c6 hodc khong
thém polymer tao gel (Zi et al., 2009; Duong et al., 2011) hay phuong phap nhiét dung moi
(Bui et al., 2019). Nhu di biét, mi phuong phap tong hop vt liéu nano spinel ferrite déu
¢6 nhitng uu va nhuoc diém khac nhau. Tuy thudc vao diéu kién thiét bi ciia mdi phong thi
nghiém va muc ti€u nghién clru cu thé ma cac nhom nghién ctu c6 nhiing lya chon vé
phuong phap tong hop pht hop. Trong cac nghién ctru (Nguyen et al., 2016a; 2021; Hoang
et al., 2022) cac hat nano spinel tir tinh NiFe204, CuFe2xH0xO4 va perovskite HoFeO3 da
dugc tong hop thanh cong bang phuong phap dong két tia don gian thong qua qua trinh thuy
phan cac cation kim loai trong nuéc néng trude, sau d6 dé nguodi roi méi thém vao tac nhan
két tua thich hop (khong thém polymer tao gel). Su thuy phan tir tir cac cation trong nudc
nong trudc roi dé ngudi s€ tao thanh cac hat két tha bén, han ché su phat trién tinh thé
(Nguyen et al., 2016a; 2016b; 2021).

Do d6, muyc tiéu ctia nghién ctru nay 1a tong hop cac hé hat nano spinel MFe;O4 (M =
Fe, Co) bang phuong phap dong két tiia ké trén, dong thoi nghién ciru cau truc va tinh chat
tir ciia cac hé vat liéu nano spinel tong hop dugc.

2. Thuc nghiém va phwong phap nghién ciru
2.1. Hod chit, dung cu, thiét b

Céc hoa chat dugc sir dung dé tong hop cac hé vat lidu nano spinel ferrite (FeFe,O4 Va
CoFe;04) bao gém FeCl-4H,0, FeClz-6H-0, Fe(NOs)s-9H,0, Co(NOs),:6H20, NaOH,
nudGce cat hai 1an, gidy loc bang xanh, gidy phenolphthalein, gidy can, gidy do pH. Cac hoa
chat déu c6 do tinh khiét phan tich nén dugc sir dung ngay ma khong can tinh ché thém. Cac
mudi chira cac ion M?* va Fe3* duge can theo ti 16 mol 1a 1:2 va hoa tan vao cde chira 50 mL
nudc cét.

Céc dung cu can cho thuc nghiém bao gém coe thuy tinh dung tich cac loai 50 mL,
100 mL, 1000 mL, buret dung tich 25 mL, may loc hut chan khéng, diia thuy tinh, mudng
xtc hoa chat, binh tia nude ct, cbi st va chay sir.

Céac may moc thiét bi dugc sir dung bao gdbm cén phan tich 4 s6 1¢, may khudy tir gia
nhiét va con ca tir, may loc hiit chan khong, bép dién va ti siy.

2.2. Phwong phap thuc nghiém
Céc hé hat nano MFe;04 duoc tong hop bang phuong phap dong két tiia don gian dya
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trén cac nghién ctru tong hop vat liéu nano spinel NiFe,04, CuFes.x<Hox va HoFeOs (Nguyen
et al, 2016a; 2021; Hoang et al., 2022). Nho tir tir tirng giot 50 mL dung dich chira hdn hgp
mudi cua cac ion M?* va Fe®* (ti 16 mol M?*/Fe®" = 1%) vao cbc chira 400 mL nudc nong
(t° > 95°C) trén méy khudy tir gia nhiét. Sau khi cho hét dung dich chira hdn hop mubi, hé
dugc gia nhiét thém 15 phut roi dé ngudi dén nhiét d6 phong (~ 30°C). Tiép theo, nho tir tir
dung dich NaOH 5% vao hé thu duoc & trén va tiép tuc khudy tir. Luong dung dich NaOH
5% dugc thém vao vira dii dé két tia hét cac cation M?* va Fe®* (thir hé bang gidy
phenolphthaelin hoa hong). Tiép tuc khudy tir thém 45-60 phut dé cac hat két tia phan tan
déu va 6n dinh trong nhau, sau d6 dé ling trong khoang 30 phut rdi tién hanh loc 1dy két tia
trén may loc hut chan khong va rira nhiéu 1an bang nudc cat dén gia tri pH = 7 (thtr nudc loc
bang gidy do pH).

Két tiia duge dé kho ty nhién ¢ nhiét d6 phong khoang 3-5 ngay, roi nghién min bang
cbi str va chay su thu dugc bdt min mau nau.

2.3. Cdc phwong phap nghién ciru

Céu tric va thanh phan pha tinh thé cta cic mau vat liéu nano MFe,Os duoc nghién
ctru bang phuong phap nhiéu xa tia X bot (PXRD) trén may EMPYREAN (Hing
PANalytical) v6i ngudn birc xa Cu K, ¢ L= 1,54184 A, budc do 0,02°, 26 = 10-80°.

Hinh thai va kich thudc hat ciia cic mau vat liéu nano spinel ferrite MFe2O4 duogc xac
dinh dua vao anh hién vi dién tir quét (SEM) trén may HITACHI S-4800 (Nhat Ban) va anh
hién vi dién tir truyén qua (TEM) trén may JEOL-1400 (Nhat Ban).

Ham lugng cac nguyén t6 (Co, Fe va O) dugc xac dinh dia vao phuong phap phd tan
sdc nang lugng tia X (EDX) trén may FE SEM S-4800, xac dinh tai 4 vi tri khac nhau roi
lay gia tri trung binh.

Céac dic trung tlr tinh ctia cAc mau vét liéu nano spinel nhu dudng cong tir hod, luc
khéang tir (Hc, Oe), do tir hod hoa hoa (Ms, emu/g) va d6 tir du (Mr, emu/g) dugc nghién ciru
trén tir ké mau rung MICRSENE EV 11 (Nhat Béan), do & nhiét d6 phong (300 K).

3. Két qua va thao luin

Theo cac nghién ctru (Bui et al, 2019; Lixia et al., 2012), cac hat nano FeFe,04 dé dang
hinh thanh ngay khi cho dung dich NaOH vao dung dich chira hdn hgp cic ion Fe?* va Fe®*
theo phuong trinh hoa hoc (1). Diéu nay c6 thé 1 do sy két hop giira cac cation (Fe?* va
Fe®*) cua ciing mot nguyén t6 1a Fe dé tao thanh cdu trac spinel FesOq 13 thuan loi vé mit
nhi¢t dong.

Fe?* + 2Fe®" + 80OH — Fe304 + 4H,0 (1)

That vay, gian dd PXRD cua mau bot khod nghién min thé hién trén Hinh 1 cho théy
c4c pic nhidu xa thu duoc déu trung véi vi tri cic pic cta chat chuin FeFe,O4 (PDF > 75-
0449: Fes04 Magnetite). Khong xudt hién cac pic ctia bat ki pha tinh thé tap chat nao khac
nhu Fe203 hay FeO. Hinh la ciing cho thdy céc pic déu c6 cuong do cao, dudng nén phang
min, ching té cac hat nano Fe3O4 téng hop dugc c6 do tinh thé ho4 cao.
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Gian d6 PXRD cua mau két tiia kho tong hop cac hat nano spinel cobalt ferrite
(CoFe204) nung & 800°C trong 1 gid dugc trinh bay trén Hinh 2. Piéu kién nung (800°C
trong 1 gio) duogc lya chon dua vao cac nghién ciru (Ngo et al., 2018; Hoang, et al., 2022).
Két qua cho thiy di thu dugc don pha tinh thé spinel CoFe204 véi cac pic duge dic trung
boi cac bd chi sb Miller (hkl) nhu trén Hinh 2. Céac pic nhiéu xa cua mau vat liéu nano
CoFe;04 déu trung véi vi tri cac pic clia chat chuan CoFe,04 (PDF > 022-1086: Cobalt Iron
Oxide). Tuong tu nhu mau vat liéu FeFe 04, cac pic nhiéu xa cua mau vat litu CoFe204
ciing c6 cudng do cao, dudng nén bang phing, chimg té muc do tinh thé hoa tét.

Fes(Ds (a)

- ‘;_-..f*“‘ Aisrma
(b)

73 — 2234 Fe:03: Hematite

75 — 0449 FesO: Magnetite (c)

20 30 © 40 ) 50 ) 60 70 20 (°
Hinh 1. Gidan d6 PXRD ciia méu vdt liéu nano spinel FeFe;O4 & nhiét dg phong (a),
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Hinh 2. Gidan @6 PXRD ciia mau vt liéu nano spinel CoFe2Q4 nung ¢ 800°C trong 1 gio
dd ghép véi PDF cuia chdt chudn CoFexOq
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Phan tich hai mau vt liéu bang phuong phap phd tan sic nang luong tia X (EDX) cho
thy chi xuat hién cac pic tng v6i cac nguyén t Co, Fe va O; khong xuat hién pic ciia nguyén
t6 tap chat (Hinh 3). Phan tram khdi luong va phan trim nguyén tir trong mdi mau gan gidng
v6i ti 16 hop thirc dy kién ban dau, cong thirc thuc nghiém tinh dwgc tuong tng 13 FezOa.13
va CoFez0304.21.

Hinh 3. Phé EDX ciia mdu vit liéu nano spinel FeFe;O4 (A) va spinel CoFe;Ox (B)
Nghién ctru anh SEM va TEM cho thay cac hat FeFe;04 tong hop dugc c6 hinh thai
va kich thudc trong ddi dong nhat, chu yéu 1a cac hat hinh cau voi duong kinh hat dao dong
trong khoang 5-10 nm (Hinh 4). Kich thuéc nay 12 nhé hon nhiéu so vé&i cac hat nano
FeFe,04 tong hop bing phuong phap thuy nhiét (40-400 nm) (Lixia et al., 2012) va nhiét
dung méi (32-100 nm) (Bui et al., 2019).
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Hinh 4. Anh SEM (A) va TEM (B, C) ciia mdu vit liéu nano spinel FeFe;O,

Trong khi d6, miu vat liéu nano spinel CoFe2O4 nung & 800°C trong 1 gid c6 cau tao
gdm céc hat hinh khéi 1ap phuong véi kich thude trong khoang 20-30 nm (Hinh 5), hoi nho
hon so véi cac hat nano CoFe;O4 tong hop bang phuong phap thuy nhiét (Lixia et al., 2012),
nhung nhé hon nhiéu so véi cac hat nano CoFe204 tong hop bang phuong phap sol-gel (100-
250 nm) (Ngo et al., 2019). Su khac nhau vé kich thudc cac hat nano MFe204 trong nghién
clru ndy so v6i cac cong trinh dd cong b rat co thé s& anh hudng dén cac dic trung tir tinh
ctia chung (Duong et al., 2011). Hinh 4 va 5 ciing cho thiy cac hat nano MFe,O4 tong hop
duoc co su két ddm tao thanh cac 16p hat nano xép chéng 1én nhau, diéu nay co thé 1a do
chung c¢6 tur tinh manh nén hat nhau.

CoFex04 = 800 *C
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Hinh 6 va 7 thé hién duong cong tir hoa ctia cac hé hat nano spinel FeFe,O4 (Hinh 6)
va CoFe;04 (Hinh 7) do & nhiét 6 phong (300 K). Két qua cho thiy hé hat nano spinel
FeFe,0;4 tong hop dugc trong nghién ciru ndy c6 do tir hoa bio hoa Ms = 85,75 emu/g, 16n
hon rat nhiéu so v&i cac hé hat nano FeFe,O4 tong hop bang phuong phap thuy nhiét (Lixia
et al., 2012) hay phuong phap dong két tiia va nhiét dung méi (Bui et al., 2019) (Bang 1).
Diéu nay duoc cho 1a kich thudc cac hat nano FeFe 04 tong hop dugc trong nghién ctru niy
1a r4t bé (xem anh TEM trén Hinh 4), do d6 thé hién tinh chét cta vat liéu siéu thudn tir.

80 - Fe3Oy
60 - F

~20 o

TR
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Ll

Do tir hod, emw/g

th ]

-15 -10 -5 0 S 10 1
H, kOe

Hinh 6. Pwong cong tir hod ciia mau vat liéu nano spinel FeFe,0y4

Twong tu, d6i voi hé hat nano spinel cobalt ferrite (CoFe204) ca ba gié trj dic trung tir
tinh do & tir trudong cuc dai H = £20 kOe déu rat 16n (Ms = 140,73 emu/g; M, = 63,58 emu/g
va He = 1092,17 Oe) (Bang 1). Ching thé hién tinh chat cua vat liéu tir cing & nhiét
d6 phong.

Diém tha vi d6i véi ca hai hé hat nano spinel MFe;O4 (M = Fe, Co) tong hop dugc
trong nghién ciru ndy 1a chiing déu bi hit manh bai nam cham dit hiém. Pidu ndy mo ra tiém
nang tng dung hé vat liéu nano spinel tong hop duoc trong nghién ctru hip phu cac ion gay
6 nhiém va thu hdi nhanh chéng bang nam cham dit hiém (Bui et al., 2021).

= CoFe20u4
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Hinh 7. Puong cong tir hod ciia mau vat ligu nano spinel CoFe;0q4
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Bang 1. Cac dac trung tir tinh ¢ 300 K cua cac hé hat nano MFe204 (M = Fe, Co)

Vit li¢u M, emu-g*! H., Oe M;s, emu-g*

FeFe204 6,85 22,18 85,75

CoFex04 63,58 1092,17 140,73
CoFex04 (Ngo et al., 2018) 15,51+23,24 495,72+979,20  32,67+67,37
FeFe204 (Lixiaetal., 2012) 11,9+13,9 104,6+124,7 64,8+90,8
CoFex04 (Lixiaetal., 2012) 9,40 162,30 86,10
FeFe,04 (Bui et al., 2019) - 10-42 60,02
FeFe;04 (Duong, et al., 2011) - - 57 emu/g

4. Kétluan

Trong cong trinh ndy, di tong hop thanh coéng cac hé vat liéu nano spinel ferrite
MFe,04 (M = Fe, Co) bang phuong phap dong két tua don gian thong qua su thuy phéan cac
cation trong nuéc néng trudce, sau d6 dé ngudi roi thém vao tac nhan két taa 1a dung dich
NaOH 5%. Mau vat liéu nano don pha spinel FeFe,O4 hinh thanh ngay & nhiét d6 phong,
con mau don pha spinel CoFe204 thu dugc sau khi nung két tia kho ¢ 800°C trong 1 gio.
Cac hat nano FeFeyOq téng hop dugc c6 dang hinh cAu véi kich thude hat khoang 5-10 nm,
1a vat liéu siéu thuan tir voi do tir bao hoa 16n (Ms = 85,7 emu/g). Con mau vat liéu nano
spinel CoFe204 c6 cdu tao gdm cac khéi hat hinh 1ap phuong véi kich thuéc khoang 20-30
nm, thé hién tinh chat cua vat liéu tir cung voi luc khang tir va do tur du 1on.

% Tuyén bé vé quyén loi: Cac tac gid xac nhan hoan toan khéng c6 xung dét vé quyén loi.

% Loi cdm on: Nghién ctu nay duoc tai tro béi Ngudn ngan sach khoa hoc va céng nghé
Truong Pai hoc Sw pham Thanh phd HS Chi Minh trong dé tai ma sé ma sé: CS.2021.19.26.

TAI LIEU THAM KHAO

Bui, T. T., Pham, H. V., & Tran, H. H. (2019). Synthesis of magnetite nanoparticles with different
sizes for application in DNA extraction from biological sample. Science and Technology
Devlopment Journal — Natural Sciences. https://doi.org/10.32508/stdjns.v3i1.726

Dang, T. H., Bui, T. H., Ngo, T. M. T., Nguyen, A. T., Nguyen, V. L., Le, H. P., & Bui, X. V. (2021).
Isothermal models of chromium (V1) adsorption by using FesO4 nanoparticles. Metallurgical
and Materials Engineering, Assosiation of Metaalurgical Engineering of Serbia AMES.
https://doi.org/10.30544/489

Duong, H. D., Lam, V. N., Le, M. T., & Tran H. H. (2011). The synthesis of superparamagnetic
nanoparticles FesO4. Journal of Science, Can Tho University, 54(5), 52-58.

1438



Tap chi Khoa hoc Trwong DPHSP TPHCM Tap 19, S6 9 (2022): 1431-1440

Hoang, B. K., Mittova, V. O., Nguyen, A. T., & Pham, T. H. D. (2022). Structural and magnetic
properties of Ho-doped CuFe20O. nanoparticles prepared by a simple co-precipitation method.
Kondensirobannye Sredy Mezhfaznye Granitsy.
https://doi.org/10.17308/kcmf.2022.24/9061

Lixia, W., Jianchen, L., Yingqgi, W., Lijun, Zh., & Qing, J. (2012). Adsorption capability for Cong
red on nanocrystalline MFe;O. (M = Mn, Fe, Co, Ni) spinel ferrites. Chemical Engineering
Journal. https://doi.org/10.1016/j.cej.2011.10.088

Maaz, K., Mumtaz, A., Hasanain, S. K., & Ceylan, A. (2007). Synthesis and magnetic properties of
cobalt ferrite (CoFe,O4) nanoparticles prepared by wet chemical route. Journal of Magnetism
and Magnetic Materials. https://doi.org/10.1016/j.j.jmmm.2006.003

Ngo, H. T. P, & Le, T. K. (2018). Polyethylene glycol-assisted sol-gel synthesis of magnetic
CoFe;O4 powder as photo-fenton catalysts in the presence of oxalic acid. Journal of Sol-Gel
Science and Techonology. https://doi.org/10.1007/s10971-018-4783-y

Nguyen, T. T. L, Nguyen, D. M. K., Nguyen, A. T., & Kwangsoo, No. (2021). The synthesis of zinc
ferrite spinel: Determination of pH value in the co-precipitation step. Ceramics International.
https://doi.org/10.1016/J.ceramint.2021.10.199

Nguyen, A. T., Truong, C. H., & Bui, X. V. (2021). Synthesis of holmium orthoferrite nanoparticles
by the co-precipitation method at high temperature. Metallurgical and Materials Engineering,
Assosiation of Metaalurgical Engineering of Serbia AMES. https://doi.org/10.30544/489

Nguyen, A. T., Phan, P. H. N., Mittova, I. Ya., Knurova, M. V., & Mittova, V. O. (2016). The
characterization of nanosized ZnFe;O4 material prepared by coprecipitation. Nanosystems:
Physics, Chemistry, Mathematics. https://doi.org/10.17586/2220-8054-2016-7-3-459-463

Nguyen, A. T., & Nguyen, T. D. (2016). Synthesis of nanosied magnetic NiFe.O, material by a co-
precipitaion thethod. Science and technology development journal, 19(4), 137-143.

Rachidi, L., Omar, M., Salmani, E., Mohammaed, H., Abdelilah, B., & Hamid, E. Z. (2019). Size
effect of the magnetic properties of CoFe,O. nanoparticles: a monte carlo study. Ceramics
International. https://doi.org/10.1016/j.ceramint.2019.12.035

Zi, Z.,Sun, Y., Zhu, X., Yang, Z., Dai, J., & Song, W. (2009). Synthesis and magnetic properties of
CoFe;O4 ferrite nanoparticles. Journal of Magnetism and Magnetic Materials.
https://doi.org/10.1016/j.j.jmmm.2008.11.004

1439


https://doi.org/10.17308/kcmf.2022.24/9061
https://doi.org/10.1016/j.j.jmmm.2006.003
https://doi.org/10.17586/2220-8054-2016-7-3-459-463

Tap chi Khoa hoc Trweong BPHSP TPHCM Trwong Chi Hién va tgk

MAGNETIC PROPERTIES OF SPINEL FERRITE MFe;O4 (M = Fe, Co)
NANOMATERIALS SYNTHESIZED BY CO-PRECIPITATION METHOD
Truong Chi Hien, Nguyen Ngoc Thu Ngan,

Nguyen Chau Chi Lap, Nguyen Minh Khanh, Tran Thi To Nga”

Ho Chi Minh City Uniersity of Education, Vietnam
*Corresponding author: Tran Thi To Nga — Email: tienna@hcmue.edu.vn
Received: May 06, 2022; Revised: June 13, 2022; Accepted: June 30, 2022

ABSTRACT

In this study, spinel ferrite MFe.O4 (M = Fe, Co) nanoparticles were successfully synthesized
by a simple co-precipitation method with 5% NaOH solution as the precipitating agent. The single-
phase spinel FeFe,O4 nanoparticles were formed at room temperature, while CoFe2O4 nanoparticles
were obtained after annealing the corresponding precursor at 800°C for one hour. Transmission
electron microscopy (TEM) images show that the FeFe,O4 nanoparticles have a spherical shape with
a particle size of 5-10 nm, while the CoFe,O nanoparticles have a cubic shape with a particle size
of 20-30 nm. The synthesized FeFe,O4 nanomaterial had superparamagnetic properties with very
high saturation magnetization (Ms = 85.7 emu/g) while the CoFe.O. nanomaterial exhibited the
properties of hard magnetic material with high remanent magnetization and coercivity (M, = 63.58
emu/g, Hec = 1092.17 Oe). Both two spinel ferrite MFe;O4 nanomaterials were strongly attracted by
rare earth magnets.

Keywords: FeFe,0.; CoFe,O4; co-precipitation method; nanomaterial; magnetic properties
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