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Abstract

LaFeO; perovskite nanomaterial has been synthesized by sol-gel method using egg whites through the hydrolysis of
La(l11) and Fe(lll) cations in the boiling water. The results of DTA/TGA/DrTGA, XRD, SEM, TEM methods showed
that uniform nanostructured LaFeO; crystals with the particles size of 30 nm were obtained after calcination at 600 °C.
The magnetic characteristics of LaFeO; material such as M,, M, H, decreased with the increasing of crystals size.
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1. MO PAU

Nghién curu ché tao vat liéu perovskit ABO;
¢6 thanh phan, ciu tric va tinh chat mong mudn 1a
mot thach thirc dbi v6i cac nha khoa hoc [1, 2].
Hién nay, vat liéu nano ABOs (trong truong hop
riéng, A = La, Y; B = Fe) da dugc nghién ctru tmg
dung trong nhiéu linh vyc nhu dién tir [3-6], cong
nghé xtr 1y hoéa dau [7], xir Iy mdi truong, cam
bién nhay hoi cdn [8], ... va dang thu hat duoc
nhidu nha nghién ctu quan tdm, do ching co
nhitng tinh chit wu viét hon so voi vat liéu khodi
truyén théng. Vat liéu nano LaFeO; ciing duoc
nghién ctru nhiéu cho myc dich 1am chat xtc tac
cho cic phan (g oxi hoa timg phan hidrocacbon,
CO, NOy, m-xylen, ... [2, 9-11].

Dé téng hop vat liéu perovskit LaFeO; kich
thudc nanomet céc tac gia thuong sir dung mot sd
phuong phap co ban nhu dong két tiia & nhiét do
phong [12], phuong phap sol-gel hodc dbt chay
gel [9, 10] (v6i chét trg gel 14 axit xitric, polyvinyl
ancol (PVA), etylen glycol), phuong phap dong
tao phuc [8], v. v. Cac phuong phap nay cé uu
diém 1 qua trinh két tinh vat liéu xay ra ¢ nhiét
d6 thap hon nhiéu so v6i phuong phap gém truyén
théng, vat liéu LaFeO; thu duoc c6 do déng nhét
va do tinh khiét cao. Tuy nhién, tong hop vit lidu
nano LaFeOj; theo cac phuong phdp nay doi hoi
phai khao sat nhiéu yéu td anh huodng 1én qua
trinh hinh thanh don pha tinh thé nhu nhiét do,
thoi gian nung, pH, ti 1& mol chat tao gel/ion kim
loai, nhiét do tao gel,.... Cac cong viéc nay doi
héi ton nhiéu thoi gian va cong strc.

Trong cbng trinh nghién ctru trude day [12], nhom
tac gia dd tong hop thanh cong vat lidu nano LaFeOs
bang phuong phap dong két tiia cac cation La(lll) va
Fe(lll) vé6i tac nhan két tia 14 dung dich nudc amoniac
thuc hién & nhiét d6 phong va thong qua giai doan thiy
phén cac cation La(lll) va Fe(lll) trong nudc soi. Cac
hat LaFeOs tao thanh sau khi nung két tia & 950 °C (t =
1 gid) cb kich thudce trong khoang 100-200 nm, trong
d6 miu diéu ché thong qua giai doan thuy phan céc
cation La(lll), Fe(lll) trong nude dun sdi trude, sau do
méi cho tac nhan két tua vao cé céu tao gdm nhing hat
tuong ddi dong nhat vé hinh thai va kich thudc. Tuy
nhién, trong cong trinh [12] va cd cc cong trinh trich
dan chua cong bd cac dic trung tir tinh cia vat liéu
nano LaFeOs;.

Su két hop chit trg gel 14 long trang trimg (LTT)
vdi qua trinh thuy phéan cac cation Fe(lll) va La(lll)
trong nudc soi dé giam kich thudc hat LaFeO; va
nghién ctu cac dac trung tur tinh cua ching 1a muc tiéu
cua cong trinh nay. Viéc chon LTT lam chat trg gel
xudt phat tir cong trinh tong hop nano NiFe,O, [13] va
Ce0, [14], do LTT la mét san pham cua thién nhién, ré
tién, than thién véi moi truong va la mot mot chét két
dinh ¢6 kha ndng bao boc cac cation kim loai rat tot va
khong can diéu chinh pH béi dung dich amoniac nhu
trong cac cong trinh [8-10].

2. THUC NGHIEM

2.1. Hoa chit va dung cu

La(NO3)s.6H.0, Fe(NO;);.9H,0 déu co do sach
phan tich, nudc cat, long trang tring ga, gidy
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loc bang xanh.

Céc chiu nhiét 100 ml, 200 ml, 500 ml, pipet,
buret, may khudy tir gia nhiét, con cé tir, bép dién,
10 nung, chén nung, ti siy.

2.2. Phwong phap nghién ciru

Cho tir tir 50 ml dung dich hén hop duong
lugng mudi La(NOs); va Fe(NO;); vao cdc dung
100 ml nudc dang sdi trén may khudy tir, sau khi
cho hét mudi, hé dugc khudy thém 10 phat. Sau
d6 nho tr tir hdn hop vira thu dugc vao cde dung
300 ml hdn hop c6 chira 100 ml 10ng tring trimg
va nude cat. Hon hop nay dugc khudy déu lién tuc
trén may khudy tir & nhiét d6 phong khoang 25-30
phut, sau do tién hanh tao gel & 80 °C. Gel dugc
sdy kho ¢ 150 °C, sau d6 nghién min thu dugc
chét bot mau nau do.

bé xac dinh nhiét do nung thich hop cho su tao
don pha LaFeOs, mau duoc tién hanh phan tich
nhiét trén may DGT-60H (Hang Shimadzu Nhat
Ban) trong moi truong khong khi kho véi téc do
nang nhiét 10 °/phut, nhiét d6 tdi da 1000 °C.

Gian d6 nhidu xa tia X dugc ghi trén may D8-
ADVANCE (Puc) véi bac xa CuK, (A = 1,5406
A), 20 = 10-70°, budc do 0,03°, thoi gian dung
mdi bude 1s.

Anh vi ciu tric va hinh thai hoc duoc chup
bang kinh hién vi dién tir quét (SEM) trén may
FESEM S4800 HITACHI (Nhat Ban) va kinh
hién vi dién tir truyén qua (TEM) trén méay JEOL-
1400 (Nhat Ban).

Céc dic trung tir tinh cia mau nghién ciru &
nhiét d6 phong bang tir k& mau rung (VSM-
Vibrating Sample Magnetometer) trén may
MICROSENE EV11 (Nhéit Ban).

3. KET QUA VA THAO LUAN

Tir gian d6 phd phan tich nhiét khdi lugng
(TGA) (hinh 1), cho thiy d6 hut khéi trong toan bd
qua trinh nung mau tir nhiét do phong dén 1000 °C
14 90,699 %, 16n hon rat nhidu so vdi phuong phap
dong két tna 1a 23 % [12]. Piéu nay c6 thé giai
thich 1a do céac cation La(lll) va Fe(lll) tac dung
voi céc chét hiru co khac nhau c6 trong thanh phan
cia LTT tao thanh nhiing hop chat bé mat voi do
bén khac nhau, dan dén d¢ hut khdi l6n va kéo dai
trong mdt khoang nhiét do rong [15].

Quan sét trén duong cong DrTGA ta thiy co
rat nhiéu phan ung xay ra tir khoang 50 dén 600
°C. Tat ca cac qua trinh nay co thé chia lam ba
giai doan.

Giai doan 1 xay ra tir 50 °C dén khoang 200
°C véi d6 hut khdi 19,508 %, & ving nhiét do nay
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xdy ra mdt pic thu nhiét & 60,08 °C (theo duong
DrTGA) duoc gan cho qua trinh giai hip phu va mat
nuée bé mat. G 161,93 °C xuit hién mot pic toa nhiét
nho, dang I& trong khoang nhi¢t do nay s€ co6 pic thu
nhiét do qua trinh nhiét phan gdc nitrat ctia mudi
nhung qua trinh nay sinh ra oxi lam cac chét hiru co c6
trong thanh phan cta long tring tring bat dau phan
huy, ma phan tng phan huy cac chat hitu co 1a phan
ung oxi hoa tao ra pic toéa nhiét 16n bao phu lén pic thu
nhiét do qué trinh nhiét phan gdc nitrat.

Giai doan giam khdi luong thtr 2 xay ra tir 200 °C
dén 400 °C v6i do ton hao khoi 16n (43,793 %) tuong
tng voi pic thu nhiét 6 251,54 °C. 6] khoang nhiét do
nay, gbc nitrat tiép tuc bi nhiét phan tao ra oxi lam ting
nhanh qua trinh phan huy (tham chi 1a d6t chay) cac
chat hitu co trong LTT thanh CO,, H,O va N..

Giai doan thir 3 xay ra tir 400 °C dén 600 °C véi do
giam khéi luong 27,398 %, & viung nhiét 0 nay c6 mot
pic toa nhiét 16n & 499,44 °C 1a do két qua ciia su chay
nhanh, manh cac chét hiru co con sot lai trong LTT khi
nung ¢ nhiét do cao va rat co thé & nhiét do nay co sy
chuyén pha tao perovskit LaFeOs.

Tir gian dd phan tich nhiét, c6 thé chon nhiét do
nung mau so bo 1a 500 °C (t = 2 h), sau d6 nang lén
600 °C, 700 °C va 800 °C (t = 1 h) dé khao sat sy hinh
thanh don pha LaFeO; bang phuong phap nhiéu xa tia
X. Két qua dugc chi ra ¢ hinh 2.

Trén gian dd chi cho thiy cac pic dic trung don
pha tinh thé cua perovskit LaFeOs. Kich thudc tinh thé
LaFeOs tinh theo cong thirc Debye-Scherrer ting dan
theo nhiét do nung mau, cu thé D = 27,0 nm; 30,3 nm
va 32,2 nm ung voi cac mau nung & 600, 700 va 800
°C) (bang 1).

Trén hinh 3 1a anh TEM (a) va SEM (b) cia mau
vat liu sau khi nung so b6 500 °C (t = 2 h) va 600 °C
(t =1 h). Qua hinh 3 ta thdy mau vat liéu LaFeO; co
cAu trac nano dong nhat vai kich thudc hat khoang 30
nm, két qua nay phu hop vé6i két qua XRD cua mau vat
ligu.

Nghién curu cac déc trung tir tinh ¢ nhi¢t ¢ phong
ctia mau vat liéu sau khi nung & cac nhiét do khac nhau
(hinh 4 va bang 1) cho thay cac gia tri nhu do tir du
(M), tir d6 bao hoa (Ms) va lue khang tir (Hc) giam déu
theo chiéu tang nhiét d6 nung mau. Vi du, & tir truong
15 kOe d6 tr du cua vét liéu LaFeO; giam tr 0,171
emu/g sau khi nung & 600 °C dén 0,070 emu/g & 800
°C. Tir d6 bdo hoa thay ddi tir 0,737 dén 0,316 emu/g
khi ting nhiét d6 nung mau tir 600 dén 800 °C; gia tri
lyc khang tur tr 150,37 dén 87,17 Oe sau khi nung &
cac nhiét d6 tuong trng 1a 600 va 800 °C.

Quy luét thay dbi ndy c6 thé giai thich 1a do khi
tang nhiét d6 nung, kich thudc cac hat tinh thé LaFeOj
tang theo, két qua 1a cac dic trung tir tinh cta ching co
thé giam, vi du tuong tmg v6i cong thic sau ddi véi
luc khang tir [16]:
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H. (Oe) = A/d + D 1) do tap chét; d 1a duong kinh hat véi diéu kién céc hat
Trong do: A, D 1a cac hang s0 phu thudc vao ndng  xem nhu hinh cau.
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Hinh 2: Gian d6 XRD ctia mau sau khi nung & cac nhiét do khac nhau

Hinh 3: Anh TEM (a) va SEM (b) ctia mau vét liéu LaFeO, sau khi nung 600 °C (t = 1 h)
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Hinh 4: Db thi duodng cong tir tré ciia mau vat liéu LaFeOj; sau khi nung & cac nhiét do khac nhau

Badng I: Cac dac trung cta mau vat liéu LaFeOs sau khi nung ¢ cac nhiét d¢ khac nhau

Nhiét do nung, °C fﬁiﬂfiﬁﬁﬁgﬁﬁﬁi bo tgn‘]il‘f/ (My), | Tirdd bao hoa Luc khéng tir
Debye-Scherrer, nm g (M), emu/g (Hc), Ce
600 27,0 0,171 0,737 150,37
700 30,3 0,125 0,535 125,34
800 32,2 0,070 0,316 87,17
4. KET LUAN behaviors of LaFeOz; nanoparticles, Springer Science-

ba téng hop vat li€u nano LaFeO; bé“lng
phuong phap sol-gel sir dung long tring trimg.
Kich thudc cac hat tinh thé LaFeO, tao thanh sau
khi nung gel siy kho & 600 °C khoang 30 nm. Cac
dic trung tir tinh (M,, Ms, He) giam theo chiéu
tang kich thudc hat tinh thé.
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