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Wy Khoa hoc Ky thuat va Céng nghé

Dic trumg I-V va tinh cht tir ciia cdc hat nano Y, Fe, Sn O

ché tao bﬁng phwong phap sol-gel
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Bai béo trinh bay két qua nghién ciru dnh hwéng ciia dilu kign ché tao 1én sir hinh thanh pha, m{t s6 tinh chit tir va
dic trung I-V cia cic hat ytrium sat ganet pha tap Sn khong hop thirc Y,Fe_ Sn O,, (x=0,02; 0,04; 0,06; 0,08; 0,1).

Cic miu hat Y,Fe, Sn O,, dugc ché tao bing phwong phép sol-gel. Céc diéu kién
s s a2 . Mg I S ¥ Ke cena X
gian @ va tbc dd gia nhiét dwrge khio sit nhim tim ra diéu ki€n toi wu doi véi hé mau.

cong nghé nhw nhigt 4§ , thoi
Cau tric, kich thudéc tinh thé

trung binh, hinh dang va Kich thuéc hat dwgc phén tich dwa trén gian dd nhidu xa tia X (XRD) va anh hién vi dién
tir quét (SEM). Tinh chit tir ciia miu dwgc khio sit & ving nhiét d¢ tir 88 dén 560K trén h¢ tir ké miu rung VSM.
Két qué cho thiy, mdmen tir ting dén, con nhi¢t dp Curie gidm din khi ndng d¢ pha tap tang. Cic dudng dic trung

I-V dugc do bang phwong phép hai mii dé ddi véi cac miu ép & didu kién c6 va khéng c6 xir Iy véi

khi H..

Tir khéa: dic trung I-V, nhiét d§ Curie, pha tap Sn, sol-gel, yttrium st ganet.

Chi 56 phin loai: 2.9
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Dat van dé

Y,Fe.0,, (YIG) dugc biét dén la vat liéu tir mém, c6 dién
tré cao 10" dén 10 Q, duge sir dung trong céc linh vuc
siéu cao tan [1-4]. YIG ¢6 chu truc 14p phuong tdm khoi tao
bai cac ion O*, Y va Fe*, trong dé céc ion Y** chiém vi
" tri phan mang 12 mat (c), cac ion Fe** chiém vi tri hai phan
mang 8 mit (a) va 4 mét (d). Tuong tac gilra cac ion trong
YIG la twong tc siéu trao doi thong qua ion O, trong d(?,
trong tac gilra hai phan mang a va 4 la manh nhat, quyét
dinh tinh chit tir cua vat liéu. Do ion Y?* khéng ¢c6 mémen
tir nén mémen tir cta Y1G duogc xac dinh béng hiéu mémen
tr cua hai phdn mang d va a. Momen tir cia mét don vi
cong thirc YIG dugc tinh theo cong thirc (53-2)u,)=5u,
Trong cic (rng dung cu thé, mét sé ion dugc pha tap vao vi
tri cua phan mang d va a, nham ndng cao cic tinh chit cia
vat liéu. Vi dy, sw c6 mat cia ion V** trong phén mang d lam
gidm ton hao tir tré [5], hay su cé mit clia cac jon khong tir
trong phan mang a 1am tang cuong gia tri mdmen tir cia
vat liéu [6-8]. YIG con la vat ligu c6 tinh hap thy quang phi
tuyén, phii hop véi cac img dung quang gi6i han. Ngoai ra,
vét liéu nay con dugce su dung trong cac dau ghi, doc tir va
cac linh kién [9]. Thém vao d6, YIG con thich hgp dé ché
tao cac cam bién vi nhiét [10]. Dé lam giam dién tro sudt
cua vt ligu YIG vé viing 1am viéc cua cam bién, mét sé ion
khong tir da dugc pha tap khdng hop thire vao mot trong hai
phan mang cua vat liéu YIG. Su mét can béng vé dién tich
trong vat liéu YIG dan dén céc dién tir di chuyén giira céc
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ion, hinh thanh cac polaron trong mang tinh thé cua vt liéu
[8]. Céc ion pha tap vao vat liéu YIG la cac ion co sé oXy
hoa khac 3 nhu Sn', Si*, Ca®, Zn®... [7, 8, 11-14]. Gin
day, mot s0 cong trinh da nghién ciru vé swr anh hudng cua
nguyén t6 pha tap Sn Ién tinh chit tir ciia véatliéu YIG [7, 8,
15]. Tuy nhién, pham vi nghién ciru vé s anh hudng nay
con han cheé. :

_Trong bai bao nay, ching t6i nghién ciru anh hudng cua
diéu kién ché~ tao I€n cau tric, tinh chét tir va cac ddc trung
I-V ctia hé mau hat nano pherit ganet Y3Fe5_rSn‘O|, (x=0,02;
0.04; 0,06: 0,08; 0,1) ché tao bang phuong phap sol-gel.

Thue nghiem

Céc mau hat Y Fe, Sn0,, (x=0,02; 0,04: 0,06; 0,08;
0,1) kich thuée nanomet duge ché tao bing phuong phap
sol-gel. Hon hop dung dich cac muébi Y(NO,),, Fe(NO,),
va SnCl, dugc trén theo dung ty 1& thanh phan danh dinh.
Mot luong axi§ citric (AC) duogc thém vao dung dich sao
choty lé AC: tong ion kim loai 13 1:1. H3n hop dugc khudy
trdn véi toc do 400 vong/phut & nhiét dg 80°C ¢é tao thanh
gel. Gel nay dugc siy kho & 95°C trong 24h dé hinh thanh
xerogel, sau d6 duoc dt & 350°C trong 2h. San pham bot
thu dugc dem U nhiét & cac didu kién nhiét d6 khac nhau tir
750 deén 1.000°C trong 5Sh.

| Cac mau hat duge phan tich sir hinh thanh
S0 mang, kich thudc tinh thé qua gian dé nhidu
quan sat hinh thai hoc, kich thudce hat qua anh

pha, hang
xa tia X va
hién vi dién

48



I-V characteristics
and magnetic properties
of Y,Fe_ Sn O,, nanoparticles
prepared by ‘the sol-gel method

Thi Mai Phuong Tran, Thi Thuy Nguyet Dao’,
Phuc Duong Nguyen, Ngoc Anh Luong

International Training Institute for Material Science,
Hanoi University of Science and Technology

Received 26 February 2019; accepted 5 April 2019
Abstract:

This paper presents the effect of fabrication conditions
on phase formation, magnetic properties and I-V
characteristics of Sn-doped yttrium iron garnet
Y,Fe_ Sn O, (x=0.02; 0.04; 0.06; 0.08; 0.1). The
partlcle s*lmples of Y .Fe_ Sn O, were prepared by
the sol-gel method, and the m.mufacture conditions
such as temperature, heating rate and time of heat
treatment were investigated in order to find out the
optimal conditions. The phase formation, crystal
structure, average crystal size, particle shape and size
were determined by X-ray diffraction (XRD), scanning
electron microscopy (SEM). Magnetic properties of the
samples were investigated in the temperature range of
88 to 560K on VSM. The obtained results showed that
the magnetic moment of the samples increased with
higher doping concentrations and the Curie temperature
decreased. The I-V characteristics of the samples that
were and were not treated in H, gas were measured by
the two-probe method.

Keywords: Curie temperature, 1-V characteristic, Sn
doping, sol-gel, yttrium iron garnet.

Classification number: 2.9
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tr quét (SEM). Tinh chit tir ciia cdc mau duge khao sat trén
hé tir ké miu rung ¢ nhiét do tir 88 dén 560K. Cac duong
dac trung -V cua mau duge khao sat bang: hé do hai mui do
trén cic miu dang mang day, ép tir mau hat nano véi ap luc
2 tan/cm? va xur 1y u nhiét & 600°C trong méi truong 15%
H,/85% Ar trong 2h.

Két qua va thao luan
Céiu triic va hinh thdi ctia cdc mdu hat
Cac mau hat Y Fe, Sn O, (x=0,02; 0,04; 0,06; 0,08;

0,1) duge u nhiét o cac nhiét do, thoi gian va téc dé gia
nhiét khac nhau nhu chi ra trong bang 1.
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Bang 1. Cac diéu kién khao sat G nhiét cia hé mau Y Fe, Sn 0,,.

Ténhé¢ x Nhi¢tdoa Thaigiana  Toc dd gia nhiét
A 0,02-0,1 750-900°C  Shva 12h 30°C/phat

B 0,02 900 °C 5h 5°C/phut

& 0-0,1 1.000 °C 5h 5°C/phut

Két qué khao sz'lt cho thay, hé mau A (hinh 1a) chua don
pha, hé¢ miu B van con mét lu(mﬂ nho pha YFeO, hinh
thanh. Cic miu h¢ C don pha tir néng do pha tap x=0,02
dén x=0,06. Miu x=0,08 bat diu c6 sir xudt hién cua pha
SnO, ham lugng pha SnO & mau ¥=0,01 khoang 2% (hinh
Ib). Piéu nay chimg to nhiét d6 va téc do gia nhiét trong
qua trinh 1 da anh huong dén sy hinh thanh pha va diéu kién
i thich hop cho hé miu Y,Fe, Sn O, 1a 1.000°C/5h, toc do
gia nhiét la 5°C/phut.
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Hinh 1. Gian dé nhiéu xa tia X ctia hé miu A va B (a), C (b)

va hinh phéng dai gian dd nhiéu xa tia X tai dinh (420) ctia hé
mau C (o).
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Két qua phan tich cho thiy, hé miu C ¢6 ciu tric lap
phuong tam khoi, nhom khong gian la-3d. So sanh dinh
(420) ctia cac mau pha tap hé C véi mau YIG cho thay, dinh
nhiéu xa (420) léch dan vé phia gdc nhidu xa nhfﬁ (hinh 1c).
Diéu nay ching to ring, hing s6 mang a ting dan theo he‘m:x
lugng x pha tap. Gia tri hang sg”S mang a. kich thuc")c tinh thé
d,, dugc xdc dinh tir gian d6 nhiéu xa tia X két ‘h(_rp voi
str dung phuong phéap phan tich Rietveld trén phéan mém
FullProf [16-18] da duoc chi ra trong bang 2. Hinh 2 bicu
dién sy thay ddi cua gié tri h?ing s6 mang a theo nong do pha
tap. Su thay d6i nay duoc giai thich Ia do Sn* ¢6 ban kinh
ion (=0,69 A trong phan mang octahedral) I6n hon ban
kinh caa ion Fe** (r=0,645 A trong phan mang octahedral)
nén khi pha tap vao YIG lam tang gid tri hang s6 mang cua
mau pha tap. Kich thudc tinh thé trung binh cta cac mau
pha tap duoc xéc dinh trong khoang tir 35-81 nm.

Bang 2. Cac gid tri hang s6 mang a, kich thudc tinh thé d__ xac
dinh tir nhiéu xa tia X, kich thudc hat D xac dinh tir anh SEM
ctia hé mau C.

X 0 0,02 0,04 0,06 0,08 0,1
a(A) 12357 12369 12370 12373 12373 12372
Aa(A) 6,4.10% 7.8.10% 6,6.10¢  73.10¢ 74.10° 64.10°
dypy, (om) 35 67 81 68 70 63
D (nm) - 147 123 104 134 _EJ.',,,,,
12,380
=
g 12375
& —
< 12370}
©
=]
5 12,365}
&
@ 60
12,360 |
3
T 12385

O,E)ﬂ 002 004 006 0,08 0,10
Néng dé x

Hinh 2. Méi lién h¢ giita ndng d¢ pha tap x va hang 56 mang a
ctia hé C.
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Hinh 3. Anh SEM ciia miu x=0,02
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Hinh 3 la anh hién vi dién tr quét (SEM) cua miu
Y,Fe, SnO,, (x=0,02) trong hé mau C. Theo dé, cic hat dang
hinh cdu ¢6 xu huong két dinh lai v6i nhau, kich thuée hat
trung binh D cta hé¢ mau C nam trong khoang 104-147 nm, nhu
chi ra trong bang 2. Nhur véy, gidtri DlIénhond, ¢ titca cdc
mau, chimg t6 céc tinh thé bj két dinh do nhiét do u cao, mdi
hat quan sat dugc trén anh SEM gom 2 hoeflc 3 vung tinh thé
dong nhét nhu tinh todn duoc tir gian db nhidu xa tia X,

Momen tir va nhi¢t dj Curie ciia cdc mau hat

Tinh cht tir cia céc hat hé miu C duge nghién ciru trén
cac dudng cong tir hoa trong viing nhiét do tir 88 dén 560K o
tr truong cuc dai 10 kOe. Céc gia tri mémen tir bao hoa & 0K
M (0) dugc xac dinh bang cach khop cic gid tri & vang nhiét dé
thap (88-200K) theo ham Bloch M(T)=M (0)*(1 -~ B*T"), trong
d6 B la hing s6 Bloch va o1a h¢ so mi. Sy thay déi cia mémen
tir bao hoa M (0) theo nong do pha tap duoc thé hién trén hinh
4. Theo d6, M (0) ting dan theo x dén x=0,08, chimg to cac ion
Sn* da chiém vi tri trong phan mang a, lam giam tir dd cua
phin mang nay, d?ip dén lam tang tir d6 cua ca hé. O miu x=0,1,
gid tri M_giam thap hon so véi mau x=0,08 do dong gop cua
pha khéng tir SnO nhu di quan st thiy trén gian do nhidu xa
tia X. Cdc gid trj nhiét do Curie 7. thu dugc bang cach liy gia
tri cuc tiéu cua dao ham gid tri M theo T ¢ vung nhiét do cao.
Su thay doi cua T, theo nong do x dugce chi ra trong hinh 4. Két
qua cho thay, T,. giam dén khi nong do pha tap tang, chimg to
Su ¢ mit cua ion phi tir Sn** trong phan mang cua tinh thé Y1G
lam gidam twong tic gitra c4c ion trong cung phin mang va giita
cic phan mang.

,— - 1545
40,0+ .
,/ 540
/
—~ 39,5 '
5 A\ / e 535
E A
—_— —
8390 \ 1%
] - ~
= A 525
38,5 w”
4520
L—\—\—A A
38,0 . : . 1515
0,00 0,02 0,04 006 0,08 0,10
Néng dg x

Hinh 4. Su bién déi ciia gia tri mémen tif bao hoa @ 0K va nhiét
dg Curie theo nong do pha tap x.

Dic trung I-V ciia cdc méu ép

Céc duong déc trung 1-V dugc khao sit bing phuong phap
do hai miii do cia mot s6 mau hé C (x=0,02; 0,06; 0,08) trong
dieu kién trude va sau khi xir y 0 nhiét & 600°C trong moi
truong 15% khi H, trong 2h duoc chi ra trén hinh 5. Két qua
cho thdy, cic mau pha tap Sn déu co dién tré nho hon SO Vi
mau YIG chua pha tap. Céc miu pha tap c6 dép (mg cia dong
dién khi dat vao dién ap 0-20 v trong khi mau YIG hoan toan
khéng cd tin hiéu cua dong dién trong pham vi dién ap khao sat



nay. Cac mau trude khi xir Iy trong méi trudmg khi H, ¢6 do dan
dién thép hon, ¢ dién ap dit vao 20 V vgi dong dién dat cue dai
& mau pha tap 16n nhat x=0, 08 13 0,06 pA. Gia tri ndy ¢ mau
sau xir ly H, dat 6 pA, 1én gdp 100 lan. Trude va sau khi xtr ly
trong H,, gia tri cuong do dong dién déu ting dan theo ndng
d6 pha tap x nhung doi vi cac mau sau xur Iy, & ndng do pha
tap cao (x=0,06; 0,08), s tang cua cuong do dong dién manh
hon so v@i cdc mau pha tap thap. Cac két (]ll’l nay cho thiy
trong tinh thé cac mau pha tap Sn ¢6 ton tai cac polaron hinh
thanh do di¢n tr nhay lién tuc tir cac ion Fe*' sang Fe'' nhu mo
hinh cna Jonker [19]: Fe* + Fe** = Fe™ + Fe*" + DE voi DE
la niing luvong kich hoat. Trong do, cic ion Fe** hinh thanh dé
dam bao cin bang hoa tri khi co mit cac ion Sn** trong tinh thé
Y1G [20].

0,08 8
(a) " (b}

0,044 A 4

Fd
WP
0,00

3" 3
) % —xz002 | ——x=002
004 a0 4 < x=00
3 ——x=0,08 ——x=006
r’" - x=0,08 + x=0,08
0,08 E———r PR i} —

20 115 10 5 0 5 10 15 XA 20 15 110 5 0 5 10 15 20
uw) uy)

Hinh 5. Mt s& dudng dic trung 1-V clia hé miu C & nhiét do
phong trong méi truding khong khi khi chua xi ly H, (a) va khi
da xtr ly H, (b). i

Két luan

Cac mau hat pherit ganet Y Fe,; Sn O,, (x=0,02: 0.04; 0,06:
0,08: 0,1) da duoc ché tao bang plnrcma phap sol-gel. Piéu kién
toi wu dé xir 1y nhiét cac mau pha tap 1a nhiét d¢ u 1.000°C
trong 5h, te do gia nhi¢t cham, 5°C/phut. Cac ion Sn*' tham
gia vao tinh thé YIG dén ndng do x=0,08. O ndng do x=0,1 cho
thay ¢6 sy hinh thanh pha phu SnO. Gia tri mdmen tir bio hoa
tang theo ndng dd pha tap chimg to cac ion Sn** tham gia vao vi
tri phan mang « trong tinh thé Y1G. Su ¢6 miit cia Sn** khong
tir tinh 1a nguyén nhén lam giam nhiét do Curie do tuong tac
trong hai phin mang cua ion Fe’* giam di. Cac duang dic trung
I-V cho théy, sur ton tai ciia hat mang dién trong mau pha tap.
ham lugng pha tap cang 16n thi dién tré cia mau cang giam.
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