JST: Engineering and Technology for Sustainable Development
Volume 32, Issue 1, March 2022, 017-021

Effect of Sintering Temperature
on Properties of LiosFe2s04 Ferrites Nanoparticles

N. T. Lan®, N. P. Duong, T. D. Hien, L. N. Anh

Hanoi University of Science and Technology, Hanoi, Vietnam
"Email: lan.nguyenthil @hust.edu.vn

Abstract

In this work, Lio.sFe2504 ferrite nanoparticles were synthesized by the sol-gel method. The influence of the
annealing temperature on phase formation, microstructure, and magnetic characterizations of Li-ferrite was
explored. The result of XRD showed that the preliminary calcined and sintered samples at 500 °C are single-
phase spinel structures. The crystallite size increases from 16.9 nm to 37.8 nm, with sintering temperatures
increasing from 500 °C to 800 °C. The magnetic properties of Li ferrite powders were strongly depended on
sintering temperature (Tw). Coercive force (Hc) followed a simple model of Gauss's law. The magnetic saturation
(Ms) was dependent on the sintering temperature of the gel, reaching a maximum value of 74 emul/g, which is
higher than the bulk material. Curie temperature (Tc) of Li ferrite nanoparticles is a function of gel sintering
temperature, and it reaches 98% of the Tc value of bulk materials.
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1. Gi6i thi¢u

Vat liéu ferit Liti (LiosFe2,504) c6 nhiét do Curie
1én téi 680 °C nén cho phép céc thiét bi hoat dong on
dinh trong khoang nhiét d6 rong. Do c6 dién tro sudt
16n va c6 tén hao nhé nén vat liéu thé lam viée & vung
tan sd cao t6i 100 MHz. Khi kich thugc hat giam
xudng thang nanomet, ferit Liti c6 nhidu dic tinh uu
viét hon so véi vat liéu khéi nhu: don do-men, siéu
thuén twr, déc tinh twong tac, di hudng tir,... Vi vy, cac
hat nano ferit Liti dugc ting dung trong nhiéu linh vuc
cong nghé nhu pin lithium, truyén dan vi song, lam 101
tir trong phan tr nho, 161 may blen ap, dau ghi, cam
bién, bo loc tiéng 6n, siéu cao tan va chat long tir,.

[1].

Ferit Liti, LiosFessO4 co cdu tric lap phuong
spinel dang AB,O4, v6i hai dang co trat ty va mat trat
tu, phu thudc manh vao diéu kién téng hop mau.
(1) Dang co trat tu o, trong pha ndy céc ion Li* va Fe**
sap x&p trét tu theo ti 1¢ 1:3 trong phan mang bat dién
B. Mbi ion Li* duoc bao béi hinh khdi 8 mit do 6 ion
st tao nén va kéo dai theo truc bac 3. Mdi ion Fe*
trong phan mang B dugc bao bdi 4 ion Fe** khac va
2 ion Li*. (ii) Dang mét trat ty f, cac ion Li* va Fe¥*
phan bd ng?lu nhién trong vi tri bat dién. Dang c6 trat
tro tdn tai khi 1am lanh ch@m tir ving 755 °C con dang
mét trat tu f c6 duge bang cach toi vat liéu tir & nhiét
d6 cao. O vung nhiét d 735-755 °C xay ra sy chuyén
pha trt tw o - mat trat tu £ vat liéu Li ferit [2].

O dang vat li¢u khéi, ferit Liti thong thuong dugc
tong hop bang phuong phap gom trén co s¢ phan tmg
pha ran ¢ nhiét d¢ cao (thiéu két nhiéu lan vai nhiét d6
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thiéu két 16n hon 1000 °C). Gan ddy, nhiéu nha nghién
ctru d4 nd lyc tim kiém phuong phap tong hop hat nano
ferit Liti nhim giam nhiét do thiéu két va cai thién tinh
chat tir bang cach kiém soat kich thudc va hinh dang
hat. Nhiéu phuong phap hoa hoc thyc hién ¢ nhiét do
thp da sir dung nhu: phan tmg pha ran & nhiét d¢ thap
[3], nghién hanh tinh nang luong cao [4], sol-gel dt tu
dong [5,6], phan huy gel citrate [7], acrogel [8] va
sol-gel tu chay [9],... Trong d6 phuong phap sol-gel
tu chdy dugc chu y hon cé vi phuong phép nay c6 kha
ning tao ra cac hat c¢6 kich thuéc nano dong déu va
nhiét do thiéu két thap [10]. Tuy nhién, cac yéu t6 anh
huong dén tinh chat ctia hat nano Li ferit nhu: ty 18
giita axit citric (AC) va gbc mudi nitrat, pH cta dung
dich ban dau, nhiét d6 thiéu két (7Ty) va thoi gian (7) xir
ly gel, aerogel,... cin dugc quan tim nghién ctru khi
st dung phuong phéap nay.

Trong nghién ctu truée day cua chung toi, hat
nano ferit Liti dd dwgc tong hop thanh cong bing
phuong phap sol-gel ty chay [11]. Sau do, ching t6i da
nghién ctru tong quat anh huong cia cac dicu kién thi
nghiém (nhiét 9, d6 pH, nung so bd, thoi gian thiéu
két) toi cAu trac va tinh chit ciia hat nano ferit Liti [12].
Két qua cho thay, vi cdu tric va tinh chét tir cia vat
liéu chiu anh huong manh cta nhié¢t d¢ nung thiéu két.
Vi vay, trong bai bao nay, chung t6i nghién ctru va lam
16 anh hudng ctia nhiét d6 nung thiéu két Ty t6i vi cau
tric va tinh chit tir ciia cac hat nano ferit Liti. Mot sb
két qua dugc trich dan dé 1am rd hon céc tac dong cua
nhiét d6 thiéu két dén céu trac va tinh chit tir cua hat
nano ferit Liti.
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2. Thye nghiém

Dau tién, cac mudi LiNO; va Fe(NOs)3.9H,0
duoc hoa tan trong axit citric CsHsO7.H,O 1M véi ty
1€ mol gifra cac ion (Li*, Fe**) 1a 1/5. Sau d6 dung dich
dugc dun, khudy ¢ 80 °C va dung dich NH; (25%)
dugc thém vao tir tir dé diéu chinh pH = 7. Dung dich
sol tao thanh c6 mau vang nau va do nhot cao. Sy
dung dich sol ¢ 100 °C trong 2 gio thu dugc gel c6 do
x6p rat cao. Dot gel & 300 °C dé céac chit hitu co chay
hoan toan. Cubi cung, thiéu két bot & cc nhit do khac
nhau tir 500 °C — 800 °C trong thdi gian tir 2 dén 6 gid
trong khong khi [10-12].

Céc gian d6 nhidu xa tia X dugc ghi trén may
SIEMEN D5005 Bruker- Germany, btic xa Cu-Ka voi
budc song A=1,5406 A, cuong do dong dién béng
30 mA, dién ap 40 kV, goc quet bang 26 =10 + 800,
tbc do quét 0,030/s. Cac anh TEM cua vat li¢u duoc
chup trén kinh hién vi dién tu truyen qua JEOL TEM
5410 NV c6 dién thé tir 40=100 kV. Qua trinh phan
tich nhiét cua gel dugc thyc hién trén thiét bi phan tich
nhiét DTA-TGA Setaram Labsys 18 tir 30 °C dén
1000 °C, toc d¢ nang nhiét 10 °C/phut trong khong khi.
Tinh chét tir cta vat liéu dugc nghién ctru bang hé
SQIUD véi tir truong 1én t6i 7 T va hé do tir ké méau
rung DMS 880 véi tir truong cuc dai 1a 13,5 kOe va
nhiét do téi 600 °C.

3. Két qua va thao luin

Gian d6 phan tich nhiét DTA-TGA cua mau gel
ferit Liti chua xur 1y nhiét dugc trinh bay trén hinh 1.

Pudng TGA cho thiy khi nhiét do ting tir nhiét
d6 phong dén gan 200 °C c6 sy giam khéi lugng
khoang 7,78%. Nguyén nhan cua hién tugng nay la do
nudc trong gel bay hoi. Hién tuong nay co thé quan sat
dugc khi say gel ¢ vang 80-130 °C, gel chuyén tir dang
keo déc sang dang phdng xp, thé tich gel ting khoang
20-30 lan. Pinh cuc dai & 195 °C twong ung véi do
giam khoi lwong 80,6% cho thay co6 su giai phong khi
CO, CO, dong thoi sy phan hily cac muodi kim loai goc
citrate bat dau xay ra [11,12].
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Trong vung nhi¢t do tor 200-400 °C trén duong DTA
gia tri luu lugng nhiét tiép tyuc tang cao va trén duong
TGA khdi lugng tiép tuc giam c6 thé do sy tu 6xy hoa
ctia NH4NOs 1am cho mét s6 hop chét hiru co bi oxy
hoa va bdc chay rat manh. Diéu nay phu hop véi thuc
nghiém, béi vi khi d6t mau ¢ nhiét do 300 °C c6 khi
mau nau bay ra. Pinh cuc dai & 463 °C trén duong
DTA c6 thé 1a qué trinh két tinh tao pha cua
LiosFe,504. Khéi lwong miu giam cham (khoang
10%) va gan nhu khéng thay d6i ¢ viing gan 500 °C —
850 °C, hoan thanh qua trinh hinh thanh pha cta vat
liéu. Két qua nay twong tu nhu két qua nghién ctru cua
S. Dey va cong sy [13] khi tong hop cung vat liéu bang
phuong phap nay [11,12]. Vung tir 850 °C -1000 °C,
khéi lugng mau giam nhe, khoang 1,62%, tai day c6
thé xay ra qua trinh chuyén pha ciu tric ctia hat nano
ferit Liti.

20 30

Gian d6 nhidu xa tia X cta cac mau hat nano ferit
Liti thidu két ¢ nhiét do khac nhau duogc trinh bay trong
hinh 2. Tir gidn d6 nhiéu xa ctia cac méu ferit Liti cho
thay cac mau tao thanh déu don pha, cac dinh nhiéu xa
thé hién cau truc spinel cta ferit, phit hop t6t vai thé
chuin 01-088-0671. Su xuit hién mat nhidu xa dic
trung (211) cho thdy co su chuyén dbi ciu truc giita
dang c6 trat ty a-LiosFexsO4 va mat trit tu
B-LigsFezs04[2]. Su thay do6i dang cAu tric co6 thé do
phuong phap tong hop, do su bién déi khdi lwong Liti
trong qua trinh tao gel, anh hudng cta nhiét do thiéu
két,... dén qua trinh phan bd, sip xép ion Li* trong
phén mang B [12].

Hing sb mang trung binh cua cac mau dugce xac
dinh tir gian dd nhleu xa co gia tri cd 8,34 A, gan voi
hing s6 mang cia méu khéi 1a 8,33 A [14]. Su tang
nhe cua hang sb mang sau khi xu ly nhlet 6 thé do su
rbi loan bé mat trong cac hat nano khi ting nhiét do
thiéu két mau [13]. Kich thudc tinh thé cua hé miu
duoc xac dinh theo cong thiic Scherrer:
(1 (1

dxpp = ——
XRD ™ Bcos@

trong d6 d¢ rong ban vach fva gdoc tai dinh nhiéu xa
cuc dai 26 dugc xac dinh bang cach lam khép cac so
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liéu thuc nghiém trén gian dd nhiéu xa tia X theo ham
Lorentz. Két qua trén bang 1 cho thiy, kich thudc tinh
thé trung binh dxgrp cia hé miu tang tir 16,9 nm dén
37,8 nm khi tang nhiét d¢ thiéu két mau tir 500 °C dén
800 °C.

Céac miu sau khi nung thiéu két dugc rung siéu
am trong ethanol 99% dé céac hat khong bi két tu trude
khi do TEM. Anh TEM va d6 thi phan b kich thudc
hat clia mau nung thiéu két & 500 °C va 800 °C dugc
trinh bay trong hinh 3. Két qua cho thiy cac hat da sb
¢6 dang hinh cau va kha dong déu. Gia tri kich thuéc
hat dwgc mo hinh hoa qua ham phéan bd LogNormal dé
danh gid kich thudc trung binh hat (drem). Khi ting
nhiét do thiéu két, kich thudce cua cac hat taing nhung
hinh dang hat it thay d6i. Vi mau thiéu két tai 500 °C,
kich thuéc hat (drem ~ 25,2 nm) gan véi kich thude
tinh thé (dxrp = 16,9 nm) chimg t6 cac hat c6 thé 1a
don tinh thé. Tiép tuc ting nhiét do thiéu két téi
800 °C, kich thudc hat ting 1én, gia tri dzey nim trong
khoang 80+85 nm (tap trung nhiéu nhat & 82 nm chiém
khoang 23%), 16n hon nhiéu kich thudc tinh thé dyzp
la 37,8 nm, chung té ré“mg dudi tac dung cua nhiét do
c4c hat don tinh thé di két hop v6i nhau tao thanh cac
hat da tinh thé.

Bang 1. Céc tham s6 kich thudc tinh thé dxgrp, mo-men
tr bdo hoa ¢ nhi¢t d¢ phong Ms, luc khang tor He va
nhiét do Curie 7¢ cta cac mau hat ferit Liti theo nhiét
o thiéu két Ty.

T dxrD Ms He Tc
(°0) (nm)  (emu/g)  (Oe) (K)
500 16,9 26 90 850
600 25,4 55 120 908
700 34,5 65 100 930
800 37,8 74 60 940

Xac suat (%)

e 1 2
Budng kinh (nm)
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L
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Hinh 3. Anh TEM cua mau ferit Liti dugc thiéu két &
500 °C va 800 °C
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Hinh 4. Pudng cong tir tré ciia cac mau hat nano ferit
Liti thiéu két & cac nhiét o khéc nhau

Duong cong tir tré clia cac mau bot ferit Liti dugc
khao sat & nhiét do 300 K vdi tir truong ngoai 1én tdi
7T va duge biéu dién trong hinh 4 [12]. Cac gia tri
mo-men tir bdo hoa x4c dinh tir dudng cong tir tré clia
cac mau dugce trinh bay trong bang 1. Vi mau thiéu
két & 500 °C va 600 °C, gia tri Ms thép hon gia tri Ms
ctia vat lidu khéi (65 emu/g) [12,15]. Khi tang nhiét do
thiéu két 1én 700 °C, gia tri Ms twong duong véi
mé-men tir cua vat lidu khdi. Tiép tuc ting nhiét do
thiéu két 1én 800 °C thi gia tri Ms dat 74 emu/g cao hon
S0 Vi gia tri Ms ctia mau khoi va twong duong véi két
qua cong bd cua Mathew George va cong su [9,12].

Duya trén ly thuyét Néel [15], mé hinh ion cho
dang cau truc spinel cua LigsFe; 504 co thé viét dudi
dang sau:

(LixFel—x )A [Lio,sfoel,SH ]B 0, @

trong d6 x 1a d6 dao — 1a ham lugng ion Li* trong phan
mang A.

Trong truong hop gia tri Ms < Ms knéi, nhiét do
thiéu két dbi voi hai mau nay 1a 500 °C va 600 °C.
Theo Seema Verma va cong su [2] nhiét d0 nay nho
hon nhiét do chuyén pha céu triic vi vy trong mau c6
thé s& ton tai dang cdu tric o trat tu o. Lic nay, cac
ion Li* v6i mé-men spin bang Oup va cia Fe3* 1a Sup
sa'ip xép trat tu theo ti I¢ 1:3 trong phan mang bat dién
B (x = 0), trong tu v6i mo hinh Néel & mau khéi [15].
Cho nén, nguyén nhén cta hién tuong giam md-men
tir ¢6 thé do anh hudng cua hiéu ing giam kich thudc.
Bén canh d6, nghién ctru cua K. Parekh va cong sy [16]
cling chi ra rang cac hat c6 kich thudc nanomet ludn
ton tai 10p phi tir trén bé mat lam giam mé-men tir thue
té ctia hat. Pay c6 thé 1a mot nguyén nhan lam giam
Ms so véi mau vt lidu khéi trong céac hat nano ferit Liti
trén.

Trong trudng hop gia tri Ms > Ms nsi (V6i mau
thiéu két & 700 °C va 800 °C), nguyén nhan cia hién
tuong nay c6 thé do sy phan bd lai ion Li* trong hai
phan mang A va B. Duéi tic dong cua nhiét d6, ion Li*
¢6 thé chiém chd ca & phan mang A (x > 0). Khi d6,
mo-men tir trong phan mang A s€ gidm va mo-men tur
trong phan mang B ting 1én, do d6 mo-men clia mau
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tir tinh theo mau Néel M = Mg - M [15] s& tang 1én. Su
tang mo-men spin do sy thay doi trat tu ion trong mau
16n hon nhiéu so v6i sy giam moé-men tir do hiéu tmg
kich thudc, vi vay gia tri Ms cta hat nano tang 1én.

Luc khang tir He dugc xac dinh tir duong cong tir
hoa tai 300K cua cac hat nano ferit Liti (Hinh 4).
Puong cong tir tré ctia mau thiéu két & 800 °C & tir
truong thap trén hinh 5a cho thiy rd hon gia tri He cia
mau. Hinh 5b biéu dién su phu thudc cua gia tri He
theo kich thudc hat xac dinh dugc ¢ nhiét do thiéu Kkét
khac nhau. D4 thi cho thiy rang khi ting nhiét d6 thiéu
két mAu tir 500 °C dén 800 °C, kich thudc hat nano ferit
Li tang 1én ddng thoi gia tri He giam chimg to co ton
tai cAu tric da do-men trong cac mau nay. Su hinh
thanh vach d6-men lam cho nang luong khwr tir cta
mau giam dan téi gia tri cta lyc khang tir giam di ddng
ké [15].

Mat khac, theo B.D. Cullity [15], luc khang tir
ctia cac mau 1a mot ham cua kich thude hat. O vung
kich thudc don d6-men d<Ds (Ds-kich thudc don
d6-men), luc khang tur ti 1€ thudn véi su tang cua kich
thudce hat. O vung kich thuéc da d6-men d>Ds, gia tri
luc khang tir ti 1€ nghich véi su gia tang cua kich thudc
hat. Lam khép s6 lidu thuc nghiém theo ham phan bd
Gauss [17] chung ta tim dugc kich thuéc don d6-men
vat li¢u nay co6 gia tri Ds~ 28 nm.

T, = 800°C
40F
20
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=
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-300 -400 0 400 00
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Boo°c _
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60 |
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Hinh 5. Puong cong tir tré ctia mau hat nano ferit Liti
thiéu két & 800°C (a) va sy phu thude cua lyc khang tir
vao kich thudce hat nano hat nano ferit Liti (b).

20

So sanh v&i két qua phén tich anh TEM ta thiy
ring mau thiéu két & 500 °C khoang phan bd kich
thudce hat chi tor 10 nm dén 24 nm, do do trong mau
nay c6 thé chi chira hat don d6-men. Vi mau thiéu két
& 800 °C, khoang phéan bd kich thudc rong tir 60 nm
dén 110 nm do d6 trong mau nay c6 thé chi ton tai cac
hat da d6-men.

Su phy thudc cia mé-men M theo nhiét d6 T
trong tlr trudng ngoai A =100 Oe ctia miu hat nano
ferit Liti thiéu két & 600 °C va 800 °C dugc trinh bay
trén Hinh 6. Gia tri nhiét do Curie 7Tc duoc xac dinh 1a
giao diém gitra tiép tuyén cua duong M(T) va truc
hoanh tai ving c6 d6 doc 16n nhét va dwoc trinh bay
trong Bang 1. Khi tang nhi¢t d¢ thiéu két, nhiét do
Curie ciia cic mau tang va dat gia tri 16n nhat 1a 940 K
v6i mau thiéu két tai 800 °C. Gia tri nay dat dén 98%
$0 v6Gi nhiét do Curie cua vat liéu khéi (953 K)[15]. Su
giam ctia gia tri Tc so voi mau khoi ¢6 thé do sy anh
hudng cua higu ing giam kich thudc va higu ting bé
mat. RO rang, kich thuéc hat cang nhé thi nhiét do
Curie cang giam manh so v6i mau vt liéu khoi.

Mat khac, su thay ddi trat tu sép xép ion trong cc
phan mang tir clia ctia hat nano c6 thé ngan chan sy
giam nhiét 3§ Curie badi hiéu tng gidm kich thude. Voi
gié tri Tc gan bang nhiét dd Curie cua vat liéu khdi cho
phép cac hat nano ferit Liti ¢6 thé 1am viéc 6n dinh &
vung nhiét 6 rong.
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Hinh 6. M6-men tir phu thudc nhiét d6 cua mAau hat
nano ferit Liti thi€u két 6 600 °C (a) va 700 °C (b).
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4. Két luan

Vat liéu LigsFez 504 c6 kich thudc nanomet da
dugc tong hop thanh cong bang phwong phap sol-gel
tu chay. Anh hudng cta nhiét do nung thiéu két dén
cAu triic vi md va tinh chét tir tinh Li-ferit da duoc
nghién ctru chi tiét. Mé-men tir bio hoa giam so véi
mau khdi trong mau thiéu két & nhiét d¢ thap co6 thé do
anh huong cta hiéu tmg giam kich thude. Sy chiém
chd ciia ion Li* trong hai phan mang A va B ¢6 thé lam
tang gia tri mo-men tir va nhiét 3§ Curie cua vat li¢u.
Luc khang tir 1a mét ham Gauss cua kich thude hat.
Viéc thay d6i nhiét do thiéu két mau gitp chiing t6i co
thé diéu khién kich thude va tir tinh clia hat nano ferit
Li cho cac tmg dung cu thé.

Loi cam on

Cong trinh nay dugc hd trg vé kinh phi tir d& tai
cap co s phén cap cia Truong Dai hoc Bach Khoa Ha
No6i, ma so T2018-PC-069.
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