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Composite two-component nanoparticle systems are being researched and
developed in many laboratories thanks to advances in chemical synthesis.
Core-shell Fe;0,-based composite two-component nanomaterials have
shown improvements in several properties compared to single-component
materials. In this study, composite nanomaterials containing two magnetic
components including Fe;04 and CoFe,O,4 with different shell thicknesses
were synthesized using seed-mediated growth combined with thermal
decomposition method. Results from X-ray diffraction (XRD) patterns and
scanning transmission electron microscopy combined with energy-
dispersive X-ray spectroscopy mapping (STEM-EDX Mapping) showed
that the nanocomposite materials were formed with core-shell morphology
of Fe;0,@CoFe,0,. The FezO,4 core particle size is about 18 nm and the
CoFe,Q4 shell thickness varies from 2-9 nm. Magnetic measurements
performed using both normal powder pressing and particle embedding in a
wax matrix indicated that both interparticle interactions and intraparticle
interactions between the Fe;O, core and the CoFe,O, shell influence the
magnetic properties. Additionally, the magnetic properties were also
affected by the shell thickness.
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Céc hé hat nano t6 hop hai thanh phan hién dang dugc nghién ctru va
phat trién tai nhidu phong thi nghiém nho vao nhirng tién bd trong tong
hop hda hoc. Vit li€u nano to hop hai thanh phﬁn nén Fe 0, dang 16i-vo
da cho th'c‘iy su cai thién v& mot sd tinh chét so véi cac thanh phﬁn vat liéu
don 1é. Trong nghién ciru nay, vat liéu nano t6 hop tir tinh hai thanh phén
Fe;0, va CoFe,O4 VO’l cac do day vO khac nhau da duoc tong hop bang
phuong phap phat trién hat két hop phén huy nhiét. Ket qué tir gian do
nhidu xa tia X (XRD) va anh hién vi dién tir quét truyén qua két hop pho
tan xa nang luong tia X dang ban dd (STEM-EDX Mapping) cho thiy
cac mau nano t6 hop da dugc hinh thanh véi cdu triic hinh thai hoc dang
16i-vo Fes0,@CoFe,04. Kich thude hat 16i Fe3O4 khoang 18 nm va do
day vé CoFe,0, thay ddi tir 2-9 nm. Phép do tir d9, dugc thuc hién trén
hé tir ké mau rung (VSM) véi hai cach chuan bi miu khac nhau 13 nén
bot binh thudng va ghim hat trong nén sap, cho thay c6 sy anh huong cua
ca tuong tac gilta cac hat va tuong tac ndi hat gitra 16p 16i FesO,4 va vo
CoFe,0, 1én tinh chat tir. Bén canh do, cac két qua do tir ciing cho thdy
tinh chét tir bi anh hudng boi d6 day 16p vo CoFe,0,.
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1. Gioi thigu

Fe;0, 1a mot trong nhing vat liéu nano tir dién hinh dugc tmg dung rat nhiéu trong thyc tién
[1] - [3]. Nhiéu nhém nghién ciru da ché tao thanh cong vat lidu nano to hop hai thanh phan tir
tinh cau tric 16i-v6 véi 18i 1a FesO, va vo 1a cac thanh phan phi tir nhu Ag, Au,...[4] — [8] hoic tir
tinh nhu CoFe, 04, MnFe;0,... [9] — [13]. Cac hat nano c6 cau trac dang 16i-vo trong do6 ca hai
thanh phan 15i va vo deu ¢6 tir tinh da dugc chirng minh 14 virot troi hon vé gia tri tir d6 bo hoa,
luc khang tir, hang sb di hudng so voi cac hat nano don 161 hoac don vé tir tinh thé hién trong mot
s6 ing dung nhét dinh nhu nhiét tri ung thu, dién tré tir [13] — [15]. Mot s6 tinh chat tir ciia vat
lidu 16i-vo véi 16i FesO, két hop voi vo 1a thanh phan tir tinh khac thé hién sy thay doi kha nhiéu
so voi thanh phan Fe;O, don 1¢ va phu thudc vao duong kinh 18i (deere) hodc do day vo (tsnen) [9],
[10]. Robles va cong su [9] nhan thiy rang véi cac hat nano Fe;0,@CoFe,0, co duong kinh 15i
FesO4 ~ 8 nm va do day vo thay dbi tir 1 t6i 4 nm thi tir d6 bio hoa (Ms) ting theo do day vo va
dat cao nhat khi tge = 2 nm, trong khi lyc khang tir (Hc) tdng kha manh khi d6 day 16p vé tang
1én dén 2 nm va 4 nm. Mit khac, Vi tgen ¢ dinh 1a 1 nm va deore thay doi tir 6 ti 10 nm thi gia
tri cia ca Mg va H¢ gén nhu khong ddi. Bén canh d6, so voi don hat nano FezO, co cung kich
thudc thi He cta cac hat nano to hop Fe;0,@CoFe;04 cé sy tang 1én dang ké do tuong tac trao
doi gitra 16p 161 tir mém va vo tir cing. Nghién ctru vé lién két trao doi trong ca hai hé vat lidu to
hop 16i@vé CoFe,0,@Fe;0, (CF@QFO) voi duong kinh 161 CoFe,O, 1a 4,1 nm va
Fe;04,@CoFe,0, (FO@CF) v6i dudng kinh 13i 14 6,3 nm; do day 16p vo cac hé nay thay dbi tir
0,05 nm t6i 2,5 nm, Polishchuk va cong sy [10] da chi ra rang hinh déng ciia cac dudng cong tir
tré thay doi phu thudc kich thudc 161 va vé. Thém vao do, gia tri tir d6 bao hoa phu thudc nhiét
clia cac mau t6 hop hai thanh phan tir tinh 'dang 16i-v0 ctling cho thdy céc thong sd tir cia mau ¢
thé diéu khién duogc thong qua viée thay d6i duong kinh 15i hodc do day vo. Tuy nhién, theo hiéu
biét ctia chung t61, cac nghién ciru vé cac hat nano dang 16i-v6 voi 161 1a vat lidu tur mém Fe;0, va
vo 1a tir cimg van chua dugc quan tim day da. Cac nghién ciru chit yéu dé cép t6i anh hudng cua
d6 day vo khi kich thudc 16i kha nhé va trong gidi han 10 nm [9], [10], [12]. Pac biét, twong tac
giita cac hat nano hay tuong tac ndi hat ciing nhur anh huéng ciia chung téi cac thong s tir tinh
va trang thai tir chua dugc dé cap nhiéu. Vi vay trong khudn kho bai bao nay, chung toi s& tong
hop cac hé hat nano to hop FesO,@CoFe,0, vai kich thudce 16i FesO, xép xi 20 nm va khao sat
céc tinh chat tir ctia ching ciing nhu tim hiéu anh huong cac dic diém ciu tric, twong tac giita hai
pha 15i va vo, tuong tac giita cac hat va turong tac ndi hat téi tinh chat tir.

2. Thuc nghiém
2.1. Héa chit

Iron(111) acetylacetonate (Fe(acac);, Arcos, 99%), Cobalt(ll) acetylacetonate (Co(acac),,
Arcos, 99%), Octadecanol (Arcos, 95%), Oleic axit (Fisher, 97%), Oleylamine (Arcos, 80-90%),
Benzylether (Arcos, 99%), Ethanol (Trung Quoc), n-hexan (Trung Quoc, 95%).

2.2. Téng hop cdc hat nano Fe:0,

Hat 15i nano Fe;0, duoc ché tao bang phuong phép phan huy nhiét. Cu thé nhu sau: 7 mmol
Fe(acac); va 3 mmol Octadecanol dugc cho vao binh cau 3 co c6 chira 40 ml dung moi
Benzylether. Sau d6 thém hdn hop chat hoat dong bé mit bao gdm 18 mmol Oleylamine va 18
mmol axit Oleic. Hon hop dung dich s& duoc khudy tir & nhiét d6 phong 30 phut voi muc dich
lam cho hdn hop dong nhat. Sau d6 gia nhiét hdn hop phan tng theo 3 mirc nhiét do: 100 °C/30
phuat, 200 °C/30 phat va 298 °C/1 gid. Toc do gia nhiét trung binh ¢& 7-10 °C/phut. Sau khi phan
ung két thuc, dung dich dugc dé ngudi ty nhién ¢ nhiét d0 phong. Hat nano sau phan tng dugc
thu hoi bang cach thém lwong du Ethanol so véi lugng dung dich thu dugc sau phan tng, sau do
ly tim & 5800 vong/phit trong thoi gian 5 phit. San phdm thu dugc sau khi ly tim dugc phén tan
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lai trong dung dicl} n—hexaq. Qua trinh nay duoc lap lai 3 lan v6i muc dich thu duge san phérn
cuoi cung tinh khi€t. San pham thu dugc 1a hat nano Fe;0,4 va duoc ki hi¢u 1a FCO.

2.3. Téng hop cdc hat nano to hop Fe;0,/CoFe,0,

Céc hat nano t6 hop Fe;0,/CoFe,0, dugc ché tao bang phuong phap phat trién hat tir hat 15i
nano FCO (hat mam) thu dugc & budc trén. Theo do, 200 mg hat nano FCO di phan tan trong 5
ml n-hexan duoc thém vao binh cdu co chira 3 mmol Fe(acac)s, 1,5 mmol Co(acac),, 8 mmol
Octadecanol, 18 mmol Oleylamine, 18 mmol axit Oleic va 40 ml dung moi Benzylether. Quy
trinh gia nhiét duoc thyc hién gdm: 100 °C/1 gid, 290 °C/1 gio. Két thiic phan tng, san pham thu
dugc duoc rira theo quy trinh twong ty mau FCO & trén. San pham thu duoc dugce ki hidu 1a FC1.
Str dung hat FC1 lam 15i va lap lai qua trinh tong hop tuong tu cho mau FC2 va sau d6 1a FC3.
Theo d6 thi d6 day 16p CoFe,0, sé& ting tir mau FC1 dén FC3.

2.4. Cic phwong nghién civu tinh chét ciia vit ligu

Hinh thai hoc, cAu tric hinh hoc ctia vét ligu dugc khéo sét bang phwong phap hién vi dién tir
quét trén thi€t bi Hitachi S-4800 (Jeol) va hién vi dién tir truyén qua-quét (STEM) két hop pho
tan xa nang lugng tia X dang ban d6 (EDS-Mapping) trén thiét bi Titan Themis 300. Cau trac
tiph the cta vat liéu dugc dac trung bang gian do nhiéu xa tia X (XRD) do trén thict bi nhicu xa
ké D8—Adv§nce (Bruker-brrc) vai birc xa CuK, (2=1,5406 A, 20/steps = 0,03 °Istep).

Tinh chat tir cua vat liéu dugc do trén hé thig":t bi do tinh chat tir SQUID MPMS-XL-5 tai Vién
Han 1am khoa hoc Slovakia véi nhiét d6 thay doi tir 5 — 300 K va tu truong do toi 70 kOe.

3. Két qua va thao luan
3.1. Céu triic, hinh thdi hoc

Hinh 1 14 gian d nhiéu xa tia X (XRD) ciia mau 15i FCO va cac méu t6 hop FC1, FC2 va FC3,
C6 the thay rang cac vach nhicu xa thu dugc déu trung vdi cac vach nhiéu xa déc trung cua cau trac
spinel cua Fe;O4 vahodc CoFe,04 theo ~thé ghuﬁn PDF—0‘1—074—0748. Q1~1an sat thay do rong ban
vach cta cdc vach nhi€u xa trong cac mau t6 hop giam dan trong cac mau FCI, FC2 va FC3 cho

thiy sy tiang cua kich thudc tinh thé so v6i mau 161 FCO ban dau. Tuy nhién ket qua XRD trong
truong hop nay chua du co s dé két luan vé kiéu cau tric hinh thai hoc clia cac miu td hop.

—— (440)

Cuong do(d.v.t.y)

20 30 40 50 60 70
20 (°)

Hinh 1. Gian do6 nhiéu xa tia X cia ciia cdc mau FCO0, FC1, FC2 va FC3

Hinh 2 1a cac anh SEM cta mau 18i FCO va cac mau t6 hop FC1, FC2 va FC3. Quan sat tir
anh SEM cho théy cac mau thu duoc c6 hinh dang chu yéu 12 hinh tya cau, riéng v6i mau FC3
anh SEM cho théy su ¢6 mat cua mot vai hat dang hinh 1ap phuong/bat dién. Kich thudc hat xac
dinh ttr anh SEM cho th?iy cac hat 161 FCO c6 kich thudc hat trung binh ¢& khoang 18 nm, cac
mau t6 hgp FC1, FC2 va FC3 lan luot co kich thudc hat trung binh ¢ khoang 22, 28 va 36 nm;
cac mau déu c6 khoang phan bd kich thudc hat rong. Tir anh SEM so b ¢c6 thé thiy kich thude
hat ctia vat liéu t6 hop c6 su ting cudng so vai vat liéu 16i Fe;0,. Do d6, chung t6i gia dinh ring
kich thudc hat trong cic mau to hop ting 1a do sy hinh thanh cta cau tric 16i-v6. Tuy nhién dé
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kiém chimg gia thiét nay, ching t6i da tién hanh chup anh hién vi dién tir quét kém theo phén tich
nguyén t6 dang ban d6 (Mapping) qua phép do phé tan xa nang luong tia X (STEM-EDX
Mappmg) dbi voi mot mau dai dién 1a FC2.

ol wm ) .,
14 g 08 207929 24 16 18 20 22 24 26 28 21 247 27 30 53 36 39 24 27 30 33 36 39 42 45 48
D (nm) D (nm) D (nm) D (nm)

Hinh 2. Anh SEM ciia cac mau FCO (a), FCI (b), FC2 (c) va FC3(d)
tuwong ung voi cdc do thi tinh phan bo kich thuoc hat o hang dudi

Hinh 3a la anh STEM truong t6i cia miu FC2 va cac hinh 3(b-d) la cac anh STEM-EDX
Mapping ctia nguyén té Fe, Co va Fe- -Co tuong u'ng C6 thé nhan thay rang, ban d6 nguyén tb cua
Fe cho thiy su phin bd cua nguyén td nay tai moi vi tri ctia hat nano, trong khi ban d6 nguyén t6
ctia Co cho thiy Co ¢6 dang mét 16p vo mong bén ngoai. Dy 14 minh ching rd rang vé cau tric
dang 16i-v6 ciia vat lidu to hop hai thanh phan 13i tr mém Fe;O, va vo tir cing CoFe,0,. Tir day
chung t6i s& goi cac mau vat liéu to hop nay la vat liéu cau trac 16i-vé Fe;0,@CoFe,0,. Nhu vay,
véi kich thudce hat trung binh xac dinh tir anh SEM & trén, coi cac hat nano 16i Fe;O4 va cac hat
nano 16i-vd Fe3O4@C0FeZO4 déu la dang hinh cau thi chiing t6i c6 thé xac dinh d6 day 16p vo trung
binh dbi voi cac mau FC1, FC2, FC3 lan lugt vao khoang 2 nm, 5 nm va 9 nm.

Hinh 3. Anh STEM truong t6i (a) va bin d6 nguyén 6 xdc dinh bang cach két hop STEM va EDX
(STEM-EDX Mapping) ciia mau FC2 (b-d)

3.2. Tinh chit tiv

Cac duong cong tir tré M(H) cia cac hat nano 15i Fe;O, va cac hat nano 18i-vo
Fes0,@CoFe,04 dugce trinh bay trén hinh 4. Cac thong b tir nhu gia tri tor do béo hoa (Ms) va
(He) xdc dinh tir cac duong M(H) duoc thé hién trong bang 1. C6 thé nhan thay ring dudng M(H)
clia mau hat nano 16i FCO dang tron min ¢ ca hai nhiét d6 do 1a 300 K va 10 K trong khi dbi voi
cac hat nano 16i-vo, dic biét 1a mau FC2 thi duong M(H) tai 10 K bi thit lai trong ving tir truong
thap. Puong cong tir tré tron min thuong dugc quan sat thay trong céc hat nano don d6 men, khong
c6 tuong tac, khi d6 sy quay cua cac md men tir 1a ddng bo theo tir truong ngoai [16]. Da c6 mét s0
b4o cao vé kiéu dudng tir tré min cho cac hat nano tir don pha hodc hat nano cau trac 16i-vo ma
gifta cac hat hodc 1a khong c6 twong tac hodc 14 ¢6 tuong tac tir yéu [17], [18]. Dang dudng tré bi
thit lai ciing da dwuoc quan sat thiy trong mot vai nghién ciru trude day va duoc giai thich boi sy
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tang cuong tuong tac gitta cac hat [17], [19] hodc do lién két trao doi yéu gy ra boi su phan bd
kich thudc hat rong hozflc su mat trat tu spin cao tai 16p ti€p giap gilra hai pha 15i va vo [15].
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Hinh 4. Cdc duong cong tir tré M(H) ciia hat nano [6i FCO va cac hat nano 1oi-vo FCI, FC2 va FC3
0 10 K va 300 K do theo ché do nén bot thong thuong

C6 thé thay gi tri Hc cta cac mau 18i-vo tang dang ké so voi mau 18i FesO, ¢ ca 10 K va 300

K. Hién tugng nay c6 thé 1a do twong tac trao doi giita 161 hat Fe;0, va 16p vo CoFe,0, tuong tu
nhu trong cac nghién ciru [9], [13], [20]. Két qua khao sat cho thiy gia tri Ms & 300 K cta mau
hat 18i-vo 16n mot chut hon so v&i mau hat 161 Fe;0,. Tuy nhién gia tri Ms chi tdng theo do day
16p vo CoFe,0, dén mot ngudng nhat dinh, trong nghién ciru ndy 1a ~ 5 nm (theo kich thudc
trung binh x4c dinh tir anh SEM) twong tmg v6i mau FC2, sau d6 lai giam khi d6 day 16p vo tiép
tuc tang. Két qua nay tuong tu voi két qua thu dugc trén hé cac hat nano Fe;0,@CoFe,0,4 voi
kich thudc 161 8 nm va d6 day vo thay déi tr 1 téi 4 nm da dugc bao cdo bdi Robles va cong su
[9]. Pang chi ¥ 1a gia tri Mg dbi voi mau FC2 cho  gia tri 87 emu/g ¢ 10 K trong khi ¢ 300 K 1a
89 emu/g. Két qua nay khac xu hudng so voi hai mau FC1 va FC3 ciing nhu két qua trong nghién
ctru cua Polishchuk va cong sy [10] trong d6 gia tri Ms tai 5 K va 300 K cho mau 16i-vo
Fes04/CoFe,0; lan lugt 1a 75 emu/g va 60 emu/g.

Béang 1. Luc khang tir (Hc), tir do bao hoa (Ms) Cua cdc hat nano 16i FCO va cac hat nano 16i-

Vo FCI1, FC2 va FC3 khi do theo kiéu nén hat thong thuong va kiéu ghim hat trong nén sdp

Hat dwoc nén thong thuwong Hat dwoc ghim trong nén sdp
Tén mau Hc (Oe) Mg (emu/g) Hc (Oe) Ms (emu/g)
10K 300 K 10K 300 K 5K 300 K 5K 300 K
FCO 235 48 90 81 428 49 90 80
FC1 3850 252 93 84 7775 543 92,9 84,2
FC2 4226 795 87 89 9889 902 100,2 88,9
FC3 5720 810 89 82 9719 1303 90,4 82,2

Dé 1am rd tinh chét tir bt thuong cia mau FC2, phép do M(H) tai cac nhiét do do tir 10 K t6i
300 K vai tir truong 1én t61 7 T dugce thuc hién va trinh bay trong hinh 5a. Co thé thay tai Vung tue
truong thip cac duong tré co xu hudng chuyen dan tir trang thai thit eo sang trang thai tron min khi
nhiét d6 do ting. Su bién dbi nay c6 thé 1a do anh hudng cta dao dong nhiét dan téi su giam twong
tac giita cc hat nhung ting tuong tac ndi hat khi nhiét do tang [17], [19]. Gié tri Hc gan nhu khong
ddi, dao dong xung quanh 4 kOe, khi nhiét do tang t6i 100 K nhung sau d6 thi giam manh khi nhiét
do tiép tuc tang t6i 300 K. Gié tri Mg theo nhiét do rut ra tir cac duong do M(H) nay duoc trinh bay
trén hinh 5b cho thiy M tang dan va dat gi4 tri cao nhat & 180 K sau d6 lai giam dan khi nhiét do
do ting. Sy bat thuong cia M trong mau nay c6 thé lién quan téi mirc d6 dinh hudéng spin & trang
thai khoa (spinlock), bat nguén tir dao dong nhiét cta cac hat nano 16i-vo va dd 16n cua cuong do tir
truong. Oberdick va cong su [11] cho rang tuong tac giita cac hat 1a nguyén nhan din dén su
nghiéng spin (spin canting) giira cac hat 1an can. Gid tri M tang trong khoang nhiét d¢ tir 10 K dén
180 K c6 thé dugc giai thich do trang thai khoa spin dan bi pha v& khi nhiét do ting. Nguoc lai,
trong khoang nhiét do tir 200 K t61 300 K thi sy dao ddng ciia spin (tang theo tang nhiét d9) la 16n
hon so véi sy dinh huéng spin béi tir trudng dan téi Ms bi suy giam.

bé giam sy anh hudng clia tuong tac giu:a cac hat nano 16i-vo Fe30,@CoFe,0,, ching toi tién
hanh thue hién phép do tir 46 ¢ tir truong ¢6 dinh 7 T va dai nhi€t d6 do tir 5 t61 300 K, tuy nhién
cdc mau s& dugc ghim trong mot nén sap twong tu nhu trong nghién ciru ctia Masala va cong sur
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[17]. Trén hinh 6 14 cac duong do M(H) cua ca bbén miu FCO, FC1, FC2 va FC3. C6 thé thy
rang toan b cac duong do & cac nhiét do khac nhau cua tat ca hat nano 16i-vé déu c6 dang tron
min twong tu nhu cic hat nano 15i FesO,. Két qua nay tuong tu cac két qua di duoc cac nhom
khac cong bd cho cac hat nano CoFe,0, va CoFe,04/ ZnFe,0, [17], [19]. Chung t6i cling nhén
thiy phén bd rong cua kich thude hat duong nhu khong anh huong dén ban chat ciia duong tir tré
trong kiéu do nay. Cac gia tri He va Ms duge tong két trong bang 1 cho thiy gia tri He giam,
trong khi Mg tang voi nhiét d6 do o tat ca cac mau va khong con quan sat thdy gia tri Mg bat
thuong trong mau FC2 nhu khi do mau theo cach nén bot trong binh chira thong thudng. Su ting
gia tri Mg cua cac mau 16i-vo FG3O4@C0F6204 so voi don 161 Fez04 khéng dinh su ton tai cﬁa
tuong tac trao doi gitra hai pha tir mém va tir ciing (trong tac gilta 16p 181 va 16p vo) trong chu
trac 16i-vo nay [9], [13]. Bén canh do, xu thé Ms téng dén mot gia tri ¢ day vo toi han sau do
suy giam van thé hién rd trong cach chuin bi miu do nay twong ty nhu khi do theo cach nén bot
thong thuong (miu FC2 van cho gia tri Ms cao nhat sau d6 lai giam & mau FC3) va cac gia tri Mg
do ¢ 300 K van khong thay ddi so v6i cach do dau tién ddi véi tat ca bon mau. Lyc khang tir He
theo kiéu do giit hat ¢ dinh trong nén sap c6 gia tri cao hon so v6i khi do theo kiéu nén bot boi
cac duong tré lic nay khong con bi that lai khi di qua gbc toa do hay trong ving tir truong thap
do d4 loai bo phan nao tuong tac giira cac hat trong mau.
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Hinh 5. a - Buong cong M(H) ciia mau FC2 do ¢ dai nhiét d6 tir 10 — 300 K;
b — Do thi Mg va Hc 6 cac nhiét do do khdc nhau rut ra tir hinh 5a
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Hinh 6. Cdc dwong cong M(H) ciia cdc mau (a) FO, (b) FCI, (c) FC2 va (d) FC3
do ¢ nhiét d tir 5 161 300 K, tir trwong cwe dai 7 T véi mau dwoe phan tan va déng rdn trong nén sdp

Su phu thudc ctia Hc vao nhiét do cho cac hat don phan tan va don d6 men khong tuong tac
thuong duoc phan tich theo dinh luét Kneller [21], [22]:

H¢ = Hco [1 - (i)l/Z] (1)

Trong d6 Hep 18 luc khang tir tai T = 0 K.

Céc gia tri He xé4c dinh tir thyc nghiém dugc 1am khop theo phuong trinh (1) d6i véi mau FC2
cho thdy He ti 18 tuyén tinh v6i T trong khoang nhiét d6 tir 50 K t6i 300 K, trong khi cac gia tri
Hc do tai nhiét d6 thip hon nam xa duong 1am khép (hinh 7). Két qua nay thé hién rang trong
ving nhiét do thip c6 thé van ton tai tuong tac giita cac hat. Tuy nhién twong tac 1a yéu do do
khong anh hudng toi trang thai tir ciia hé cac hat boi cac duong tir tré ¢ trén 1a tron nhan [12],
[19].
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Hinh 7. Puong lam khép gid tri He theo T ciia mau FC2
4. Két luan

Vat liéu nano tir chira hai thanh phén Fe30, va CoFe,0O4 di duoc téng hop thanh cong bﬁng
phuong phap phat trién hat két hop phan huy nhiét. Cac két qua XRD, SEM va STEM-EDX
Mapping di cho thay cac mau hat nano t6 hop da ché tao duoc c6 dang tua ciu voi 16i 1a Fe;0,
va vo CoFe,0,. Kich thudc trung binh cua 161 14 18 nm va do day vo lan lwot 14 2 nm, 5 nm va 9
nm. Vai trd quan trong cila trong tic gitra cac hat trong mau t6 hop dang 15i-v6 véi 161 tir mém
va vo tir ciing Fe;0,@CoFe,0, duoc thé hién rd rang bang cac phép do tur tré cua céac hat nano
dudi bang hai hinh thirc nén bét thong thuong trong binh do va gitr c6 dinh cac hat trong nén sap.
Céc két qua cua nghién ctru di chi ra ring dudng cong tir tré bi thit eo tai ving tir trudng thap
dan dan chuyen sang dang duong tré tron min khi nhiét do tang do su tuong tdc gilra cac hat
giam. Ban chat cta tir hoa khong bi thay doi boi cac tuong tac yéu gifra cac hat, ‘ngay ca trong
ciu triic 18i-vo c6 phan bé kich thude rong va mic do mat trat ty spin 0 | bé mat tiép xuc giira 161
va vo 1a cao. O vung nhiét do thip < 10 K, tuong tic yéu giira cac hat van ton tai nén khong gay
ra sy anh huong nhiéu téi sy tir hoa. Bén canh do, khi hat duoc ghim trong nén séap thi gia tri tur
do bao hoa Ms tai tu truong 7 T cla cac mau 18i-vo F6304@C0Fezo4 tang Ién so v6i mau 161
Fes0O, theo chiéu ting d6 day vo t6i 5 nm nhung sau d6 giam khi tlep tuc tang do day vo 1én 9
nm. O 5 K va 300 K thi gia tri MS ctia mau FC2 (d6 day vo 5 nm) déu dat cao nhat va ting so véi
mau 13i t6i 9 — 10 emu/g. Nhin chung, nghién ctru ctia ching t6i cung cip nhimng hiéu biét mai vé
tuong tic giira cac hat trong hat nano 16i-v6 va 1am sang t6 mbi quan hé giira kich thudc hat, d6
day vo va tinh chét tur.

Loi cam on

Nhom tac gia cam on su tai trg vé kinh phi ctia nhiém vu khoa hoc cong nghé theo Nghi
dinh thu v6i Nhat Ban, ma sé: NDT.88.JP/20. Nhom tac gia ciing cam on GS. Ivan Skorvanek
thudc Vién Vat ly thuc nghi€ém — Vién Han 1am Khoa hoc Slovakia da gitip do trong viéc thuc
hién cac phép do tir 46 ¢ nhiét d¢ thap va chup anh STEM-EDX Mapping cho cdc miu trong
nghién clru nay.
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