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NGHIEN CUU CHE TAO HAT FERIT GARNET R;Fe;s0y; (R=Y, Gd, Dy) CO KiCH
THUGC NANOMET

Pao Thi Thily Nguyét, Nguyén Phic Dwong, Than Dirc Hién
Truong Pai hoc Bach Khoa Ha Néi
(Bai nhan ngay 21 thdng 03 nam 2011, hoan chinh swa chita ngay 15 thdng 02 nam 2012)

TOM TAT: Bai bdo trinh bay cdc két qua nghién cuu t(fng hop cdc hat nano Y;FesO),,
Gd;Fes0;; va Dy;FesO;; theo phuwong phdp sol-gel tir cdc dung dich mudi ban dau Y(NO;);, GA(NO;);,

Dy(NOjs);, Fe(NOj3). Cdc hat nano ferit garnet dwoc khdo sdt hcing 56 mang, kich thuoc tinh thé, hinh

dang hat theo gian d6 nhiéu xa tia X va dnh hién vi dién tr truyén qua (TEM). Qud trinh dot chdy va

hinh thanh pha ciia vét liéu dige nghién civu bang gidn do phan tich nhiét TGA-DTA. Cdc két qud cho

thdy nhiét d¢ hinh thanh tinh thé la 800°C, thip hon nhiéu so véi nhiét @9 hinh thanh mau garnet khoi
(1400°C). Kich thudc hat trung binh, tinh theo cong thirc Scherrer la 37nm va theo dnh TEM la khodng

25-40nm.

Tir khoa: ytrium garnet, gadolinium garnet, dysposium garnet, sol-gel, hat nano.

MO PAU

Ferit garnet c6 cong thuc héa hoc la
R;FesO,, trong d6 R 1a cic ion d4t hiém. Céc
garnet & thé khdi dugc phat hién vao nim 1956
va dugc nghién cru manh vao nhitng nam 60
ctia thé ky XX. Véi dién tré sut cia vat lidu
cao p = 10" Qcm, ferit garnet dwoc sit dung
lam ngudn sidu cao tan hay diing trong céc linh
kién khuéch dai ma it vat lidu c6 thé thay thé
duoc [1]. Céc don tinh thé ferit garnet ¢ géc
quay Faraday 16n dugc Ung dung trong cidc bd
phan truyén quang, bd phan giam quang [2].
Ferit garnet con dugc dung trong cdc linh kién,
thiét bi ghi nhd sir dung hiéu ng quang tir [3,
4]. Vat lidu khdi duoc su dung ¢ dang mang
mong trén céc dia, san xuit theo phuwong phdp

nudi cy ghép trong dé tinh chit cua vat lidu

phu thudc vao qud trinh phét trién tuong (ng
v6i timg tng dung cu thé.

Trén thé gidi, ngudn dat hiém chu yéu tap
trung & Trung Qudc, An Do, Brazil va hién nay
Trung Qudc dang 1a nude dung dau thé gigi vé
san lugng dat hiém san xudt hang nim. Viét
Nam 12 dt nwde c6 ngudn tai nguyén dét hiém
voi trit lugng 16n, tap trung & céc tinh mién nii
phia Béc nhu Lai Chau, Lao Cai, Yén Bdi va
mot s6 tinh ven bién mién Trung. Nhat Ban va
moét s6 nuée khac dang rt quan tim dén van dé
dau tu khai thic ngudn dit hiém nay tai Viét
Nam. Tuy nhién, dat hiém & Viét Nam mdi chi
duoc tinh ché & quy md nho va do sach khong
cao, dugc st dyng nghién ctu va Ung dung
trong quy md phong thi nghiém. Vi vay, viéc

nghién ctru tinh chit co ban ciing nhuw mé rong
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nghién ctru tng dung cia céc vt lidu chira dét
hiém 1a viéc 1am can thiét.

Mic di da c6 nhirng kién thirc hidu biét khd
rong vé garnet va cdu tric clia garnet ty nhién

nhung mai dén nim 1956, Bertaut va Forrat

a) Phdn mang a

[5], Geller va Gilleo [6] méi dua ra cdc tinh
chét cuia garnet sit tir théng qua céc nghién ctru
vé ytrium garnet (YIG) va garnet dat hiém

R3F€5012.

<]
k7

c) Phdn mang ¢

N

b) Phdn mang d

Hinh 1. Cu tric garnet bao gém 3 phan mang: bdén mat (a), tam mat (d) va muoi hai madt (¢), hinh thanh bai lién

két giita cic ion oxi (O) va cation kim loai (®)

Céu tric tinh thé cta garnet khd phic tap,
voi céu triic dbi xung lap phuong, ciu tric
khong gian O,'*-Ta3d. Theo nghién ctru cua
Menzer [7] qua gian d6 nhiéu xa tia X ctia bot
garnet ty nhién, trong mot 6 don vi c6 8 don vi
cong thuc R;Fe,Fe;04, voi téng s6 160 nguyén
tur.

Vit lidu YIG dugc lya chon 1a dbi tuong
nghién cru co ban, tr 6 md rong nghién cltu
ra cdc vat liéu khic khi thay thé nguyén tir Y
béng nguyén tir kim loai dit hiém khac.

Vé mit tir tinh, ferit garnet ¢6 cau triic mang
lap phuong véi 3 phan mang tur trong 1 6 co
ban, chtra 16 ion Fe** trong phan mang tdm mit
(d), 24 ion Fe™* trong phidn mang bbn mit (a)
va 24 ion kim loai d4t hiém R** trong phan
mang muoi hai mat (¢c) (Hinh 1). Trong d6
momen tir trong hai phan mang chtra ion Fe**
la d6i song va momen tir tong ciia hai phan

mang nay doi song v4i momen tir trong phin

mang chtra kim loai dat hiém. Momen tir cta
hé bing tdng momen tir ciia ca ba phan mang.
M=V M+
D

Trong d6, a_ M, M, 1a mémen tir ciia cic
phén mang c, a, d tuong tng.

Momen tir cua hé & OK dugc xdc dinh boi
momen tur cua phan mang {c} do c6 momen tir
16n 6 nhiét do th?ip. O nhiét d6 cao, momen tir
trong phan mang {c} giam rat nhanh do lién két
yéu,. Trong khi d6 lién két cic ion Fe** trong
phan mang (a) va (d) manh, quyét dinh nhiét do
trat tu (Curie) cia ferit garnet. Céc tinh chét tur
cua vt liéu phu thugc manh vao didu kién ché
tao cua vat li¢u. Hién nay cé nhidu nghién ctu
vé vat liéu nay ¢ dang vét liéu khéi hoic &
dang mang mong. Céc phuong phdp ché tao
thuong dugc sir dung 1a phuong phip gdém

thong thuong, phuong phdp héa hoc (nhu sol-
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gel, ddng két tia, nhiét phan trong glycol...)
hay phuong phap plasma tan s vo tuyén (RF).
Déi véi vat liéu ché tao theo phuong phép gbm
truyén théng, nhiét do téi thiéu can thiét dé
hinh thanh pha garnet 12 khoang trén 1300°C.
Bai bdo nay trinh bay cdc két qua ché tao ferit
garnet dit hiém yttrium garnet (YIG),
gadolinium garnet (GdIG) va dysposium garnet
(DyIG) theo phuong phdp sol-gel véi nhiét do
téng hop thdp hon so v6i cdc phuwong phdp
trén. V&i hat c6 kich thudc nanomet thu dugc,
vat liéu khong chi ung dung nhu ddi voi vat
liéu khéi ma con tan dung dugc tinh nang cia
vat li€u nano 1a 1am giam kich thudc va tang
dién tich bé mat.

VAT LIEU VA PHUONG PHAP

Theo phuong phap ché tao, hdn hgp mudi
Fe’* va R (R=Y, Gd, Dy) véi ti 1& mol 5:3
duoc khudy tron déu trong dung dich axit citric.
Ti 1€ mol axit: kim loai 1a 2:1. Dung dich duoc
didu chinh pH = 1 va khudy déu & 80°C cho
dén khi hinh thanh gel. Sau d6 gel dugc sdy &
140°C trong 12h, d6t & 400°C trong 2h va nung
& 700 va 800°C trong Sh. San pham cudi ciing
duoc rira bang axeton va sdy kho.

Céc mAu trén duoc khao sét cdu tric va kich
thudc tinh thé bing gian db nhifu xa tia X voi
g6c quét 20 tir 20-70°, budc séng A= 0,15405
nm trén hé mdy D8 ADVANCE - Bruker. Kich
thude tinh thé dugce tinh theo cong thirc Debye-
Scherrer:

D= kA
Pcosb

2

Trong d6, D 1a kich thu6c tinh thé trung
binh, tinh theo nm, k 12 hé s6 hinh dang, f 1a bé
rong ban vach nhifu xa va @ 1a gbc nhiéu xa
Bragg. Trong bai bdo nay, kich thudce hat duge
x4c dinh theo vach nhidu xa c6 cuong do 16n
nhét, twong g vé6i vach nhiéu xa (420).

Hinh dang va kich thudc cta cac hat tinh thé
dugc quan sat qua anh hién vi dién tir truyén
qua (TEM). Quad trinh phéan tich nhi¢t TGA-
DTA duogc thuc hién trén mdy SETARAM
Labsys TG véi toc d6 tang nhiét 10K/ phiit va
trong mdi truong khong khi.

KET QUA VA THAO LUAN

Qud trinh phén tich nhié¢t TGA-DTA dugc
thuc hién trén miu YiFesOp,. Két qui TGA
(Hinh 2) chi ra c6 2 khoang nhiét d¢ sut giam
khéi luong cua miu trén duong cong TGA.
Khoang nhiét d6 thir nhit tir 100 dén 175°C va
khoang nhiét do thr hai tir 175 dén 360°C,
trong d6, nhiét téa ra 16n nhat tai 169 va 312°C
trén dudng cong DTA.

C6 thé thdy, khoang nhiét 6 dau 1a giai doan
bay hoi cta nudc va cic hop chit d& bay hoi
con khodng nhiét d¢ thr hai 1a giai doan chdy
cua cic hop chét hitu co. Tai nhiét d6 trén
360°C, cic hop chét hitu co da chay hoan toan,
khéi lwong mau khong thay dbi khi ting nhiét
d6. Do vy, céc mau duoc dét ¢ nhiét do 400°C
dé loai bé hoan toan cdc hop chét hitu co.

Mic dir cic hop chat hitu co da chdy hét &
400°C nhung gian d6 nhidu xa tia X cho thdy ¢
nhiét d§ nay vat li¢u chua hinh thanh tinh thé
ferit garnet (Hinh 3). Két qua khao sat cho thiy
vat liéu la don pha garnet ¢ nhiét do u

800°C/5h, d6i voi ca ba mau vt liéu. Két qua
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nay ciing phit hop véi két qua nghién ctru cia
M.Pal, D. Chakravorty [8]. Phuong phdp ché
tao vat liéu theo phuong phdp sol gel 1a phuong
phdp c6 nhiét do hinh thanh pha nho nhét so
v6i 1200°C theo phuwong phap dong két tia [9],
1000°C theo phuong phdp néng chay
ammonium nitrat [10] hay 1400°C theo phuong

phép gbm truyén thong [11].

Hing s6 mang a cta tinh thé ferit garnet mau
khdi va cta mau kich thudc nanomet ché tao
bang phuong phap sol-gel tinh trung binh trén
cdc dinh nhidu xa (400), (420), (422), (521),
(532), (444), (640), (642), (800), (840), (842)
clia cdc mau dugc thé hién trong bang 1 dudi
ddy. Gi4 tri hdng s6 mang cua ferit garnet &
kich thuéc nanomet phit hgp véi gid tri cia

mau khdi da duogc nghién ciru trude do.

Bang 1. Thong sb mang ctua RyFesOy, (R = Y, Gd, Dy)

Ferit garnet Y3FesO1, Gd;FesO, Dy;FesOi2

12,4445 [12]
N . 12,3452 [12] 12,405 [15]

Mau khoi (A) 12,445 [13]
12,376 [16] 12,414 [16]

12,463 [14]

M3u c6 kich thu6e nanomet ché tao bing
R 12,349 12,458 12,416
phuong phap sol-gel (A)

169°C
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Hinh 2. Dudong cong TGA-DTA cua gel YsFesO,
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Hinh 3. Gian d0 nhifu xa tia X cta gel Y3Fes0, 1 6 400, 700 va 800 °C
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Hinh 4. Gian d6 nhidu xa tia X ctia RyFes0;, (R=Y, Gd va Dy) u ¢ 800°C trong Sh

Kich thudce trung binh céc hat ferit theo cdng thdy céc hat ndy c6 dang gin hinh cdu, ¢6 xu

thirc Scherrer xdc dinh tai dinh nhiéu xa (420)

1a 29, 37 va 38 nm tuong tng véi R =Y, Gd va

hudng Kkét tu lai v6i nhau véi kich thudce hat tir

25-40nm, phit hop véi két qua tinh tir gian dd

Dy. Anh TEM cua Y;FesO,, trong Hinh 5 cho nhiéu xa tia X.
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Print Mag: 80400x @ 51 mm
4:04:51 p 06,2410
TEM Mode: Tmaging

100 nm

HV=80.0kV
Direct Mag: 40000x
EMLab-NIHE

Hinh 5. Anh TEM cua vat liéu Y;FesO,, t & 800°C trong Sh

Ciing bing phuong phdp sol-gel, R.D.
Sanchez et. al [17] dd ché tao dugc cdc hat
nano YIG c6 kich thugc tr 45-120 nm, con
bing phuong phap dong két tiia M. Jafelicci Jr
et.al [9] da ché tao duge YIG c6 kich thudce tir
0,5-1um tiy vao céc hop chit hoat dong. Nhur
vay, c6 thé thdy, phuong phép ché tao va didu
kién ché tao & mdi phuong phap s& quyét dinh
kich thudc hat tinh thé.

KET LUAN

Cé4c hat ferrite garnet Y;FesO,, va Gd;FesO,,

da dugc ché tao thanh cong theo phuong phap

sol-gel. Céc hat c6 dang hinh cdu véi kich
thude tir 25-40nm. Vi phuong phap nay c6 thé
su dung dé ché tao dang hat hodc mang mong,
phu hop vdi ting Gng dung cu thé voi nhiét do
ché tao thip hon nhiéu so véi phwong phdp
gém truyén théng va mot sé phwong phip
khac. Nhitng két qua nghién ctru ban dau nay
s& 1a tién d& dé nghién ciru sdu hon vé cic tinh
chét tir va céc tinh chit vat Iy khac cua vat lidu

& kich thudc nanomet.
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PREPARATION AND STUDY OF FERRITE GARNET R;Fe;0;, (R=Y, Gd, Dy)
NANOPARTICLES

Dao Thi Thuy Nguyet, Nguyen Phuc Duong, Than Duc Hien

Ha Noi University of Sience and Technology

ABSTRACT: This paper presents the synthesis and characterization of Y;FesO,, Gds;FesO;, and

Dy;FesO,, nanoparticles by sol-gel method using initial salts solution of Y(NO3);, Gd(NO3);, Dy(NO;);,

Fe(NO;3).

The lattice constant, crystallite size and particle morphology of these ferrite garnet

nanoparticles were studied by using X-ray diffraction and transmission electron microscopy (TEM). The

results showed that the garnet samples prepared by this method were formed at 800°C, which is lower

than the sintering temperature for ceramic bulk samples (1400°C). The particle size is in the range 25-

40 nm as observed via TEM image and the average particle size was found to be 37nm using Debye-

Scherrer formula.
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