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ANH HUONG CUA TAP CHAT Mo LEN CAU TRUC VA TiNH CHAT DPIEN TU
CUA VAT LIEU SPINEL CoFe,O,

Nguyén Manh Hung"?, Nguyén Thi Diéu Thu', Pao Viét Thing" va Nguyén Cao Khang?

'Bé mon Varli, T ruwong Dai hoc Mo Dia chat
°T, rung tam Khoa hoc va Cong nghé Nano, Truong Dai hoc Su pham Ha Ngi

Tém tat. Vat liéu nano spinel CoFe,O, (CFO) pha tap Mo dugc tong hop bang phuong
phap sol-gel két hop xir li nhiét. Nghién ctru anh huong cua tap chat Mo 1én cau trac va tinh
chit tir cua CoFe,04 thong qua cac phép do nhidu xa tia X (XRD), tan sic ning luong
(EDS), anh hién vi dién tir quét (SEM), phé tan xa Raman, chu trinh tir tré (M-H), chu trinh
dién tré (P-E). Két qua XRD cho thay, vat liéu spinel CFO pha tap Mo ket tinh don pha khi
nong dd Mo dudi 3 Yomol. Khi nong do pha tap Mo cao, ¢6 sy rd pha cu trac, ¢ do ton tai
dong thoi pha spinel CFO va pha thir cip CoMoO4 dugc quan sat thiy trén gian do XRD.
Két qua nay cing dugc khing dinh thong qua phén tich cac mode dao dong trén phd tan xa
Raman. Két qua do M-H cho thiy tit ca cic mau thé hién tinh chat sat tir. Két qua phén tich
chu trinh dién tré cho thay vat li€u spinel CoFe,04 pha tap Mo thé hién tinh chét sit dién.
Ngu(‘”)n géc cac dac trung sat tir, sat dién cia vat liéu CoFe,04 pha tap Mo dugc phan tich
va thao luén trong bai bao nay.

Tir khéa: Spinel CoFe,0,, pha tap Mo, sit tir, st dién, sol-gel.

1. Mé dau

Viée tao ra vt liéu ton tai déng thoi trat tu st dién va sét tr dong vai tro quan trong trong
viée ché tao cac vat lidu dién ti. Vi cdc trét ty sét dién, sét tir [a cac hién tuong riéng biét va co
co ché khac nhau. Tinh chét sét tir co nguon gdc tir cac electron sip xép lap day mot phan trén
cac orbital d cta kim loai chuyén tiép s& tao ra sy dinh x&r cua cac spins va cac mémen tur.
Trong khi d0, tinh chét sit dién doi hoi su trong trén cac orbital d cua kim loai chuyen tlep. Tinh
chét sét dién, tinh chét sit tir cung ton tai trong vat liéu da pha dién tir (mutilferroic) mang dén
kha ning tao ra cac thiét bi méi trong viée luu gitr thong tin. Cac két qua nghién ciru vé vat lidu
da pha dién tir da chi ra tinh chat da pha dién tu ton tai & nhiét do thép va thép hon nhiét
do6 phong.

Cobalt ferrite (CoFe,04) 1a mot trong sb cac vt liéu trong nhom vt lidu tir c6 cu tric
spinel. Vit liéu CoFe,O4 c6 nhiéu ting dung trong thiét bi dién ti, chat long tur, thiét bi va luu
trir thong tin mat d6 cao do nod co do tur tham cao, tur d0 bao hoa va dién tr¢ twong ddi lon thich
hcp cho hoat dong trong viing tan sb cao, giam sy mat mat ning luong gay boi dong Fuco, ting
tudi tho céc thiét bi [1, 2]. Tinh chat tir va dién cua vat liéu ferrite ndi chung phu thugc vao ban
chét va vi tri cua cac cation Fe®* trong tir dién (vi tri A) va bét dién (vi tri B) trong cau trac lap
phuong [3].
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Céc ngién ctru trude day chi ra rang, khi pha tap cac nguyén té Ti, Mo, Ho, Eu vao vat lidu
spinel CoFe;O, (CFO) lam cho vat lidu nay thé hién dong thoi tinh chét sit dién va sat tir & nhiét
do phong [3, 4]. Vit liéu CFO pha tap Mo thé hién tinh chit sit dién, dong thoi glam tinh chat
sat tir so v&i vat liéu CFO [3]. Tuy nhién, nghién ctru hé thong anh hudng cua nong d6 Mo 1én
cdu truc tinh thé, tinh chét dién tir cua vat liéu con nhiu diém can dugc 1am sang to.

Trong nghién ctru ndy, ching t6i pha tap Mo vao mang nén CFO bang phuong phap sol-
gel, nghién ctu anh hudng ndng do pha tap Mo 1én cdu triic tinh thé, hinh thai bé mat cua vat
ligu, tinh chét sat dién, sat tir.

2. NOi dung nghién ciru
2.1. Thuc nghi€ém

Vit liéu CoFe,O4 va CoFe,0, pha tap Mo dugc ché tao bang phuong phap sol-gel. Pau
tién, 5 g’axit citric C¢HgO4 dugc hoa tan trong 30 ml nudc cat & nhiét d6 phong. Tiép den, cac
héa chat theo dung ti phan duoc ,thénj vao, gom: Fe(NO3);.9H,0, Co(NOs3),.6H,0,
(NH4)6M07024.4H,0. Hon hgp dugc khuay déu trong thoi gian 30 phut, sau d6 dugce dat & nhiét
d6 80 °C. Khi dung dich can con khoang 1/3 so vi thé tich ban dau, thém vao 1 ml ethanol. Hé
tiép tuc dugc khudy tir gia nhiét dén gan can hét, dem say khd ¢ 100 °C. San pham duoc nung &
900 °C trong mdi truong khdng khi trong 5 gio, thu dugc mau vat liéu.

Bing 1. Ki hiéu cdc mdu vit liéu nghién ciru
Ki hiéu miu CFO CFOM1 | CFOM3 | CFOM5 | CFOM7 | CFOM9
CoFe,O, pha tap Mo 0% 1% 3% 5% 7% 9%

Cac phép do nhidu xa tia X, pho tin xa Raman, pho tan sic nang luong, anh hiéq vi dién tu
quét, chu triqh tir tré, chu tri’nh dién tré dugc sir dung dé nghién ctru anh hudng ciia nong d6 pha
tap Mo [én cau truc, tinh chat dién tir cia hé vat li€u.

2.2. Két qua va thao luan
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Hinh 1. Gian do nhiéu xa ciia vit li¢u spinel CoFe;03 pha tap Mo véi cdc nong dp khdc nhau

76



Anh huong cua tap chdt Mo 1én cdu tric va tinh chit dién tir cua vdt liéu spinel CoFe;0y

Hinh 1 13 gian d6 nhifu xa tia X cta vat liéu spinel CFO pha tap Mo véi cac nong do khac
nhau. Cic mau vat liéu dugce ki hiéu CFO, CFOMI1, CFOM3, CFOMS5, CFOM7 va CFOM9
tuong Gng voi cac néng doMola 0,1, 3,5, 7 va9 %mol. Quan sat trén Hinh 1, ta théy mau
CFO va CFOMI két tinh don pha cdu trac mang tinh thé dang lap phwong phu hop véi thé
chuén JCPDS sb 022-1086. Cac mau CFOM3, CFOM5, CFOM7 va CFOM9 ¢6 su rd pha ciu
trac, ton tai ddng thoi 2 pha céu tric CoFe,04 va CoMoO,. Ngoai ra, cac mau CFOM5, CFOM7
va CFOM9 con xuit hién dinh nhidu xa dic trung cuia tap chét Fe,03 (dugc danh déu *) tai vi tri
gdc 260 = 33,3°. Két qua nay cho thiy giéi han ndng do pha tap Mo vao trong mang tinh thé
CFO 1a 3 %mol. Héng ) mang tinh thé cua cac mau vt liéu duge xac dinh béng phén mém
UnitCell. Két qué cho thay, vat liéu CFO c6 hang sb mang a = 8,204 A, hiang s6 mang tinh thé
clia cac mau vt liéu CFO pha tap Mo giam khi nong d6 pha tap ting. Nguyén nhén 1a do ban
kinh ciia Mo® (0,55 A) nhé hon ban kinh ion cua Fe** (0,645 A) hoac Fe?* (0,77 A). Khi Mo®
thay thé vi tri ciia Fe*'/Fe®* trong mang tinh thé dan téi su co mang tinh thé va giam hing sb
mang [5]. Su thay thé Mo vao vi tri Fe trong mang nén CFO dugc ki vong s& 1am thay doi cac
trat tu dién tir ciia vat li€u.

Pé c6 thém nhiitng bang chtng cho thay su ¢c6 mit ciia Mo trong cac mau pha tap, chiing t6i
da lya chon hai mau vat liu CFO va CFOMY phan tich thanh phan bang pho tan sic ning lugng
EDS. Hinh 2 14 ph6 EDS ctia mau CFO va miu CFOM9. Quan sat trén Hinh 2, ta thiy dbi véi
mau CFO chi xuit hién cac dinh dic trung cua cac nguyén t Co, Fe va O. Pbi véi mau
CFOMO9, ngoai cic dinh dic trung cia cac nguyén t6 Co, Fe, va O con xuat hién thém dinh dic
trung cho nguyén t6 Mo. Nhu vay, c6 thé thdy cic mau ché tao ¢ thanh phan cic nguyén td hoa
hoc 1a phut hop. Pay 1a mot can ctr dé chiing toi tiép tuc nghién ctru anh huéng ctia Mo 1én tinh
chét caa vat lieu CFO pha tap Mo.
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Hinh 2. Phé EDS ciia cic mau CFO va CFOM).
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Hinh 3. Anh SEM ciia cdc méu CFO, CFOM5 va CFOM9

Sy thay d6i hinh thai bé mit cta cic mau vat liéu duoc khao sat bang kinh hién vi dién tir
quét. Hinh 3 1a anh SEM cua cac mau CFO, CFOMS va CFOM9. Quan sat anh SEM cua mau
CFO cho thay hinh thai bé mit ctia miu khong dong déu kich thudc 400 + 800 nm. Anh SEM
cia mau CFOMS5 cho thdy ngoai cac hat CFO con xuat hién nhiéu hat CoMoOj kich thude dong
déu c6 dang lap phuong xen ké& cac hat CFO. Anh SEM cua mau CFOM9 cho thy sé hat
CoMoOQ, nhiéu hon so vi mau CFOMS, cac hat CoMoO, phan bb déu trén bé mat ciia mau,
xen k& cac hat CFO ¢6 kich thuéc 16n hon. Két qua nay 1a phi hop véi két qua XRD di chi ra
khi pha tap Mo véi nong d9 cao s& xuat hién pha CoMoO,. Su xuat hién pha cau traic CoMoO,
dugc dy doan 13 s& anh huong t6i tinh chat dién tir cta vt liéu.

(a) T, T Ayl

= —~~ " A1g(2ACF0M9
> | — ‘ z
= >
5 ]
= 3
f =
=) (7]
2 B
<«O- =]
8 2
=2 L=
S 2
© S
i o
300 400 500 600 700 800
S6 séng (cm™) S6 séng (cm™)

Hinh 4. Pho tin xg Raman ciia vit ligu spinel CoFe;O, pha tap Mo véi cic m;ng do khac nhau

Hinh 4 1a phé tan xa Raman cua vét liéu spinel CoFe,O,4 pha tap Mo vO1i cac n6ng do khac
nhau. Quan sat Hinh 4a, ta thiy trong khoang sb song 300 + 800 cm™ xuét hién cac dinh dac
trung ng(2) Tog(1), Alg(2) va Agg(1) cua cu tric CFO tuong g tai cac vi tri sb song 470,
581, 612 va 693 cm va khong xuat hién cac dinh la [6]. Hinh 4b cho thay trong ving so song
cao 750 + 1050 cm™ , mau CFO, CFOMI va CFOM3 khong quan sat that xuét hién cac dinh
Raman trong khi d6 cac mau CFOM5, CFOM7 va CFOM9 xuit hién dinh dic trung cho lién két
O-Mo-O cua pha CoMoOy, tai vi tri sé song 933 cm™ [7]. Ngoai ra, phd tin xa Raman cua cac
mau CFOM7 va CFOM9 con quan sat théy su xuét hién cac dinh dic trung cho lién két O-Mo-
O tai cac vi tri sb song 810 va 875 cm™ . Dinh dac trung cho lién két O-Mo-O c6 cuong do ting
manh khi nong do pha tap Mo tang. Su xuét hién cta dinh dic trung cho lién két O-Mo-O cho
thy su ton tai ctia pha cu trac CoMoOs, Két qua phan tich pho tan xa Raman cung vai két qua
phan tich XRD va SEM d4 khang dinh sur ton tai ciia pha CoMoOy khi pha tap Mo véindng d cao.
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Hinh 5a la chu trinh tir tré ctia vat liéu spinel CoFe;O4 pha tap Mo. Quan sat trén Hinh Sa
cho thfiy tit ca cac mau thé hién trat tu sit tir mém, cac dai lugng dac trung nhu tr 6 bado hoa
Ms, tir &6 du Mr va luc khang tir He ctia cdc mau duoc xac dinh va chi ra trong Bang 2. béi vai
mau chua pha tap CFO c6 tir dd bao hoa Ms = 46,885 emu/g, tir 6 du Mr = 20,382 emu/g va
luc khang tir He = 436 Oe. Gia tri Ms = 46,885 emu/g 1a nho hon Ms ctia CoFe;O, dang khéi [8].
Céc nghién ctru trude day chi ra tinh chét tir ciia vat liéu CFO duogc dong gop boi cac twong tac
siéu trao d6i Fe5 -0 —Fe%, Fe’ —~0* —Fel' va Fe¥' —~O> —Fe¥', trong d6 tuong tac
Fed —O* —Fe} chiém uu thé hon tuong tic Fel —O* —Fed va FeX' -0 —Fe¥" [9]. Quan
sat trén Bang 2, ta thy vat liéu CFO pha tap véi ndng do 1 %mol c6 Ms va Mr giam so véi vat
liéu nén CFO, luc khang tir Hc thay déi khong dang ké. Sy giam tir d6 cua cac mau pha tap Mo
¢6 thé du doan duoc 1a do Mo® ton tai cac orbital d° khi thay thé Fe**/Fe*" s& lam giam tuong
tac sat tir va giam momen tir. Khi ndng do pha tap Mo ting dén 3 %mol, tir ¢6 clia mau giam
luc khang tir ting manh. Néng dd pha tap Mo 16n hon 3 %mol, tir 46 cua céac mau giam déng
thoi luc khang tir tang. Su phu thude cua tir d§ bao hoa, tir ¢ du cia cac mau theo néng do pha
tap dugc chi ra trén Hinh 5b. Ngoai ra, khi phan tich chu trinh tr tré cua cac mau CFOMS,
CFOM?7 va CFOMD9, chung t6i nhan thay chu trinh tir tré ctia cdc mau nay & ving tir truong thap
bi gdy khiic bat thuong. Diéu nay dugc i giai 1a do khi ndng do pha tap 1én hon 3 %mol c6 su
ton tai cia hai pha cAu trac CoFe,04, COM0O, va tap chit Fe,O3 nhu da thao luan trong phén
két qua XRD va tan xa Raman. Hai pha cAu trac CoFe,04, CoM0O, va tap chit Fe,03 co dac
tinh tir 1a khac nhau. Do d6, & ving tir truong thap sy tir héa cila cac pha nay 1a khac nhau dén
t6i su gdy khuc ctia chu trinh tir tré, nhu quan sat trén Hinh 5.
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Hinh 5. (3) Chu trinh tiv tré ciia vit ligu spinel CoFe,O, pha tap Mo; (b) Sw phu thuéc
ciia tir g bao hoa (Ms) va tir dp dw (Mr) theo nong dé Mo

Bdng 2. Gia tri tir dp bao hoa Ms, tiv dp dw Mr va lyc khang tir Hc

MAiu CFO CFOM1 | CFOM3 | CFOM5 | CFOM7 | CFOM9
Noéng do pha tap Mo 0% 1% 3% 5% 7% 9%
Ms (emu/qg) 46,885 33,008 | 30,036 | 17,222 15,981 10,254
Mr (emu/qg) 20,382 12,257 | 14,167 5,897 5,873 3,358
Hc (Oe) 434,22 498,48 | 955,53 | 962,78 | 968,255 | 956,55

79



Nguyén Manh Huing, Nguyén Thi Diéu Thu, Pao Viét Thang va Nguyén Cao Khang

a8l . —a— Ps

—_—
L —eo— Pr

4.0F

1N
16} .\'

08k - . . .2
0 2 4 6 8 10
E (kV/cm) Nong dp Mo (%)

Hinh 6. (2) Chu trinh di¢n tré ciia vit ligu spinel Co Fe,0, pha tap Mo; (b) Sw phu thujc
ciia d¢ phin cwe di¢n bao hoa (Ps) va dé phin cwe dign duw (Pr) theo nong dép Mo

Nhu da trinh bay & trén, vat liéu spinel CFO 1a vat licu sét tir. Cac nghién ctru trude day da
chi ra rang vat lidu CFO thé hién trat tu sat tir va khong thé hién tinh chét sat dién ¢ nhiét do
phong. Tuy nhién, két qua phan tich XRD, anh SEM va ph tan xa Raman cho thdy Mo di thay
thé vi tri Fe trong mang nén CFO, diéu nay htra hen kha nang tao ra trat tu st dién cua vat liéu.
Hinh 6a la chu trinh dién tré ciia vét liéu spinel CoFe,O4 pha tap Mo véi cac ndng d khac nhau.
Quan sét trén Hinh 6a, ta thay tit ca cic mau thé hién tinh chét sat dién yéu. Mau pha tap Mo
v6inong do 1 %mol c6 do phan cuc dién bao hoa Ps = 4,484 pC/cm?, d6 phan cyc dién du Pr =
2,662 pC/cmz. Mau pha tap Mo v6i néng d6 1a 3 %mol thé hién tinh chét sit dién manh nhét véi
Ps = 4,671 uC/cm? Pr = 3,294 puC/cm?. Cac mau pha tap Mo v6i nong do > 3 %mol co gia tri
Ps va Pr déu giam khi ndng d6 pha tap tang. Sy phu thugc ctia Ps va Pr theo nong d6 pha tap
Mo dugc chi ra trén Hinh 6b. Ngudn gdc tinh chat sat dién trong vat liéu CoFe;O4 pha tap Mo
dugc cho la déng gbp chinh cua céc orbital d° cia Mo® [3]. Tuy nhién, su giam cia gia tri cua
Ps, Pr cua cac mau pha tap Mo voi néng d6 > 3 %mol, nguyén nhén 1a do: () su xuat hén cua
pha céu traic CoMoO, (dang lap phuong) 1am giam d6 phan cuc dién cua mau; (ii) sy xut hién
cua tap chét Fe,03 1am tang do dan dién ciia mau dan téi su gia ting ciia dong ro lam giam tinh
chat sat dién cta vat lidu. Tir két qua phén tich tinh chit tir va tinh chat sit dién cho thy vat lidu
CFO pha tap Mo thé hién dong thoi tinh chét sét sit dién va sit tir. Diéu nay cho thay vt liéu
CFO pha tap Mo ¢6 kha ning tng dung trong cac thiét bi dién tir. Tuy nhién, cac két qua chira
cho thiy gi¢i han ciia ndng do pha tap Mo vao vat lidu spinel CFO 1a 3%mol.

P (nC/cm?)
P (uClcm?)

3. Kétluan

Vat liéu spinel CoFe;04 pha tap Mo duoc ché tao thanh cong bang phuong phap sol-gel.
Khi pha tap Mo v6i ndng do thap (< 3 %mol), vat liéu co cau trac don pha dang 1ép phuong.
Dbi véi cac mau pha tap véi ndong d6 Mo 16n hon 3 %mol ton tai dong thoi hai pha cau triac
CoFe;Q4, CoM0oO, va tap chét Fe,03. Pha ciu tric CoMoOy; va tap chét Fe,O3¢6 anh hudng toi
tinh chat dién tir cta vat liéu. Vat liéu CFO pha tap Mo thé hién dong thoi tinh chat sat dién va
sat tir & nhiét do phong. Cac két qua phan tich cho thay gioi han ciia nong d6 pha tap Mo vao
CFO 1a 3 %mol.
Loi cam on: Bai bao duoc hd trg kinh phi tir dé tai co s cua Truong Pai hoc Mo Dia chét
ma s6 T19-04.
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ABSTRACT

Effect of Mo-doping on structural, magnetic and electrical properties
of spinel CoFe,O4 materials

Nguyen Manh Hung"? Nguyen Thi Dieu Thu*, Dao Viet Thang'?, Nguyen Cao Khang?
!Department of Physics, Hanoi University of Mining and Geology
2Center for Nano Science and Technology, Hanoi National University of Education
Mo-doped nano spinel CoFe,04 (CFO) materials were synthesized by sol-gel method. The
effect of Mo-doping on structural, magnetic and electrical properties was investigated using X-ray
diffraction (XRD), energy dispersive X-ray spectroscopy (EDS), scanning electron microscope
(SEM), Raman scattering spectroscopy, magnetic hysteresis loops (M-H), and polarization vs.
electric field hysteresis loops (P-E) measurement. A results analysis of XRD showed Mo-doped
spinel CoFe,O, materials crystalize in a single phase when the concentration of Mo is < 3 %
molar. For Mo-doped CoFe,O4 with a concentration of Mo > 3 % molar, samples exist in two
structral phases, CoFe,O, and CoMoO,, which showed in XRD. These results also showed
under analysis by Raman scattering spectroscopy. Magnetic hysteresis loops indicated all
samples present ferromagnetism behavior. Results analysis of (P-E) measurement showed Mo-
doped spinel CoFe,O, materials present ferroelectricity. The origin of ferromagnetism and

ferroelectricity are discussed in this paper.

Keywords: spinel CoFe,O4, Mo-doped, ferromagnetism, ferroelectricity, sol-gel.
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