UED JOURNAL OF SOCIAL SCIENCES, HUMANITIES AND EDUCATION

VOL.3, NO.2 (2013)

NGHIEN CUU TONG HQP, CAU TRUC VA TU TINH CUA HAT NANO
Y3-xLAxFEsO12

SYNTHESIS, STRUCTURAL CHARACTERIZATION AND MAGNETIC PROPERTIES OF
Y3-xLAxFEsO12 NANOPARTICLES

Dinh Vin Tac N
Trwong Dai hoc Sw pham, Pai hoc Pa Nang
Email: dvt43cbh@yahoo.com

TOM TAT

Bédng phuong phap dbéng két tha céac

hidroxit chung t6i da& thu dwoc hat nano

Ys-xLaxFesO12 (x = 0,0; x = 0,2; 0,4; 0,6). Chirng minh dwoc khi tdng thanh phan thay thé La (x) tv O dén 0,6
théng s6 mang tinh thé ting, kich thwéc cia hat thu dwoc gidm tir 54 xubng 43 nm, va tai x = 0,2 thu dwoc hat

nano co tir dd bao hoa I&n nhat.

T khéa: phwong phap ddng két tia; hat nano, ferrite garnet; thay thé Y béi La, tlr d6 bdo hoa.
ABSTRACT
Ys-xLaxFesO12 (x = 0,0; 0,2; 0,4; 0,6) nanocrystals have been prepared through hydroxide coprecipitation

followed by dehydration. Increasing x from 0 to 0,6 reduces the particle size of the solid solution (from 54 to 43
nm), increases its unit cell parameter, and the saturation magnetization has a maximum at x = 0,2.

Key words: method of Chemical Vapor Deposition, nanopowders, ferrite garnet, yttrium doped by

lanthanum, the saturation magnetization.
1. Pit van dé

Tong hop va nghién ciru vat liéu nano 1a
mdt budc quan trong trong viée sng ché ra cac thiét
bi ki thuat doi moi. Nhitng ndm gan day ferrite voi
cau trac gamnet va dung dich ran ciia nd dugc nhidu
nguoi quan tdm do chung la vat li€u tir tinh, dugc
mg dung rong rii trong cac thiét bi vi song, gém,
trong cac thiét bi luu trit va ghi sir dung hiéu tng
quang tir va nhiéu thiét bi quang tir khéc [1-3]. Tuy
nhién, ching chu yéu dugc diéu ché bang phuong
phap gém truyén thng dudi dang vét liéu khdi.
Nhugc diém ciia phuong phap nay 1a cac hat thu
duoc c6 kich thudc 16n va khong déu nhau, nhiét do
can dé diéu ché thuong rét cao (tir 1300°C trd 1én),
yéu cau may moéc hién dai, chi phi 16n, gay kho
khén cho viéc didu ché. ..

Ngay nay, viéc sir dung cac phuong phap hoa
hoc dé tong hop hat nano ferrite dang 1a tim diém cua
nhiéu dé tai nghién ctru khoa hoc vi qui trinh cta
chung don gian, chi phi nho ma san pham thu duoc
c6 chét luong twong déi cao. Trong cac phuong phap
héa hoc, phuong phap dong két tiia (mot dang cia
phuong phép sol-gel) duge sir dung nhiéu trong cac
phong thi nghiém tong hop vét liéu nano thdi gian
gin day [4-5]. Uu diém cua phuong phép nay so véi
phuong phap gbm 1a: giam thoi gian, nhiét d6 nung
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va thu dugc hat c6 kich thuéc nano tuwong dbi déu
nhau. Ngoai ra phuong phéap nay rat don gian, khéng
yéu cau nhitng may moc hién dai.

Qua viéc nghién ciru tai lidu cho thiy, bang
viéc thay thé mot phan nhimg ion Ytiri trong
Y 3FesOr2 boi nhig ion khéc c6 thé thay dbi cu tric,
tir tinh cua chiing va cho phép thu vét li¢u véi tinh
chét nhu mong muén [3].

Trong cdng trinh nay, chdng téi trinh bay
két qua tong hop tinh thé nano
Y;-<LaxFesO12 bang phuong phap dong két tua,
nghién ctru anh hudng cta thanh phan thay thé x
(La) dén kich thudc, thong sé cu trac mang tinh
thé, va tir tinh ciia nhiing ferrite garnet do.

2. Phwong phap nghién ciru

Tinh thé nano Y;-LaFesO1, dugc tong hop
nhu sau: dun s6i dung dich c6 thanh phén 0,008M
Fe(NOs)s + 0,008:(3-X)/5M  Y(NO3z); +
0,008-x/5M La(NOs)s (x=0; 0,2; 0,4; 0,6) trong 5
phtt. Dung dich thu dugc lam lanh t61 nhiét do
phong. Nho tir tir &én du dung dich NHz 0,3M
bang may nho giot vao dung dich trén (dung dich
duoc khudy bang may khudy). Sau khi két tua hoan
toan tiép tuc khudy thém 15phat nita, sau d6 két
tia duoc loc va lam kho, nung & 1000°C trong 4h.
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Céu trac va kich thudc tinh thé cac miu
trén duoc xac dinh bang phuong phap nhiéu xa tia
X voi goc quét 20 tr 30 - 75, st dung budc song
tia X to1 tir bire xa K, cia Co 1a A = 0,17902 nm
trén hé may Dron-4. Kich thudc tinh thé dugc
tinh theo cdng thuc Scherrer [4, 6-8] theo cac
dinh nhiéu xa 422, 640, va 642. Kich thudc hat 1a
gia tri trung binh tinh trén céc dinh trén theo cong
thirc Scherrer. Hinh dang va kich thudc cac tinh
thé con duoc xac dinh bang kinh hién vi dién tir
truyén qua (TEM) EMV-100BR.

Thong s6 mang tinh thé a tinh trén cac
dinh ¢6 20 > 60 1a 444, 640, 642, va 800 bang
phuong phap binh phuong tdi thiéu.

TU tinh cla tinh thé nano YaxLaxFesOr.
duogc do trén tir ké mau rung & nhiét do phong.

3. Két qua va thio luin

Theo két qua cia phuong phap nhidu xa tia X
Hinh 1, cic mdu ferrite gamet c6 thanh phan Ys.
wLaFesOn (X = 0; 0,2; 04; 0,6), sau khi nung &
1000°C trong 4h, 1a don pha va co ciu trac lap
phuong (sp.gp.la3d) giéng nhu YsFesOx. Tat ca cic
dinh trén phd tia X déu tuong tmg véi cau triic garnet
Y3FesOr, (card 043-0507 [9]). Khi x = 0,8 trén phd
nhiéu xa tia X xuét hién cac dinh ciia mot pha moi la
LaFeOs (Hinh 1, phd nhidu xa tia X, 5). Nhu véy, khi
X > 0,8 trong diéu kién tong hop trén di khéng thu
duoc don pha cau triic gamet ma c6 1an pha méi véi
cau tric perovskite LaFeOs. Gi6i han thay thé Y boi
La dé thu dugc dung dich rin YaxladFesOrn (thu
dugc don pha) twong ting voi x = 0,6 + 0,8.

v - LaFeOs
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Hinh 1. Cdc phé nhiéu xa tia X ciia cdc mdu Ys.
xLaxFF.‘sOlzZ Y3F€5012 (1), Yz,sLao,zFesolz (2),
Y26LaoaFes012(3), YaslaoeFesO12 (4),
Yz,zLao,sFesolz (5)

Kich thudc trung binh cac hat ctia cac mau
Y3FesO12,  YzglaooFesOiz,  YzgelaosFesOro,
Y24laosFesO12 tinh theo cong thirc Scherrer lan
luot 1a 54,4; 49,6; 46,7 va 43,3 nm. Khi ting d0
thay thé Yttri boi Lantan (x) tir 0 dén 0,6 kich
thudc hat ferrite YaxLaxFesOrz giam dan tir 54,4
xudng 43,3nm. Diéu nay c6 thé dugc giai thich
12 do khi thay thé Yttri boi Lantan mang tinh thé
bi bién dang, két qua 1 di tao ra mot ndi lyc kim
ham sy 16n 1én cua tinh thé.

Anh TEM cua mdu hat YzslaosFesOi.
trong Hinh 2 cho thay cac hat c6 dang gan hinh
ciu v6i kich thuéce dao dong trong khoang 45 —
50 nm. Kich thuéc nay lon hon kich thuéc tinh
theo cong thirc Scherrer khong nhiéu.

Theo tac gia [4], kich thudc hat tinh theo
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Hinh 2. Anh TEM ciia cdc hat Y2 4La06FesO12

nung o 1000°C trong 4h
cong thirc Scherrer 13 kich thuéc trung binh cua tit
ca cac hat trong toan bd lugng chét dem do, nén nod
thudng nho hon kich thuéce do bang TEM (phuong
phép chi xac dinh kich thudc trong mot vung nhd
ma nd quan sat dugc). Mat khac, kich thudc tinh
theo cong thirc Scherrer 1a kich thudc phia trong cuia
hat, khéng tinh dén su bién dang manh cta 16p vo
phia ngoai hat.

Két qua tinh théng s6 mang a cua tinh thé
YsxLaxFesO12 dugc trinh bay ¢ Bang 1. Nhan
thdy rang, khi ting d¢ thay thé Yttri boi Lantan
thong s mang tinh thé (a) ting, nhung khong
nhiéu. Didu nay c6 thé giai thich 1a do ban kinh
ion La*" 16n hon ion Y3*[10].
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Bing 1. Gid tri théng s6 mang a cia cdc mau YaxLaFesOm (x = 0,0 + 0,6)

Thanh phan Y3FesOq

Y2 slaooFesO1o

Y2sLlaosFesOq Y24l aosFesOq

a, A 12,328+0,003

12,371+ 0,008

12,404+0,002 12,421+0,002

Khi do tir tinh cac hat ctia cac mau Ya.
«LaxFesO12 nhan thay rang, tir tinh phu thudc vao
do6 thay thé x. T d6 bdo hoa dat duge trong tur
truong khoang 480kA/m Hinh 3.
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Hinh 3. Puong cong tir tré ciia cdc mau YsFesOx,
(1), YzgLao2Fes012 (2), Yo6laosFesO1 (3),
Y2'4Lao'5|:65012 (4)

Su phu thudc tir 6 bao hoa vao x dugc
trinh bay & Hinh 4. Két qua thu duoc cho thay,
khi thay thé Y boi La déu tién tir d6 bdo hoa ting
sau do giam. Gia tri cuc dai cua tir do bao hoa
thu dugc ddi v6i mau YazslaoFesOmn (x = 0,2) 1a
28,12 Am%kg. Con dbi voi cac mau
Y2,6L3.0,4F65012, Y2,4|_3.0,6F65012 thi tur d6 bao hoa
lan luot bang 25,75 va 24,76 Am%kg, cic gia tri
nay thdp hon mau khong thay thé (x = 0)
Y3Fes012 (26,14 Amzlkg)

28.57
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Hinh 4. Su phu thudc cuia tir dé bao hoa cuia cdc
mdNu YsxLaxFes012 vao x
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Nhu ching ta dd biét, YsFesOw co ciu
trac mang l&p phuong véi 3 phian mang tr mot 6
co sO, phan mang 8 mat (d) va phan mang 4 mat
(a) ludén chira ion Fe**, con phan mang 12 mat
(c) thi chtra ion Y®*. Khi thay thé Y boi La trong
Y3sFesOq, thi cdng thirc phan tu cia nod voi su
phan chia theo 3 phan mang s€ c6 dang nhu sau:
{Ys.xLax}[Fez](FE?,)Olz (trong d('), {Ys.xLax} =
phan mang c, [Fe;] = phan mang a, (Fes) = phén
mang d). Tir d6 bao hoa cua no dugc xac dinh
theo cong thirc [11]: M = M. — (Ma — Mg), trong
dé M, M, Mg — trong tng la cac momen tir cia
cac phan mang c, a, d. M. = 0 vi Y3, La* - la
cac ion khong co tur tinh. Khi d6 M = Mg — M,,
nhu vay tor dd bao hoa dugc xac dinh boi cac
momen tir cia 2 phan mang d va a giébng nhu
trong YsFesOu,. Khi thay thé Y boi La dang 18 ra
tir 46 bo hoa s& khong thay dbi so voi ban dau,
nhung trén thyc té lai thay doi. Didu nay chi co
thé giai thich do viéc thay thé Y boi La lam cho
cac phan mang d va a bién dang, din dén thay
dbi cac momen tir (Mg, My), va c6 thé lam thay
doi tir d9 bao hoa nhu trén.
4. Két ludn

Cac hat nano ferrite garnet Ys.xLaxFesO1z
(x = 0; 0,2; 0,4; 0,6) dd duoc diéu ché thanh
cong theo phuong phap dong két tia véi kich
thudc tir 54 - 43nm.

Khi ting do thay thé x (La) kich thudc cua
hat tao thanh Ys.lLaxFesO:, gidm va thong s6
mang a ting. Tt d6 bio hoa diu tién ting sau d6
giam va dat dugc gia tri cuc dai khi x = 0,2. Nhu
vdy, bang cach thay thé mot phan Y boi La trong
Y3FesO12 chung ta co thé thu duoc céc hat véi tir
do bao hoa xac dinh phu hop véi timg ung dung
cu thé.
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