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' ANH HUONG CUA SU PHA TAP Ni
PEN CAC PAC TRUNG CUA VAT LIEU NANO LaFe;NixOs
TONG HQP BANG PHUONG PHAP PONG KET TUA

NGUYEN ANH TIEN', LE THI HANH™

TOM TAT
Vat liéu nano LaFeyNiOs3 diwrgc tong hop bang phirong phdp dong két tia thong
qua giai doan thuty phan cdc cation La(lll), Fe(Ill) va Ni(ll) trong nuéc nong (t°>90°C).
Két qua phan tich san pham bang cdc phuwong phap XRD, TEM, VSM cho thay, su pha tap
Ni(ll) trong mang tinh thé LaFeOz khéng chi dnh huong dén cdac dac trung cau trdc, ma
con dnh huong den cac gia tri dac trung tur tinh cia ching.
Tirkhoa: vat liéu nano, LaFe;.,NixOs, tinh chit tir, phuong phap dong két taa.
ABSTRACT

Effect ratio of Ni (11) doping on the properties of LaFe;.«<NixxOs3
nanomaterial synthesized by coprecipitation

Nanosized LaFe;.«NiyO3; material has been synthesized by the coprecipitation method
via hydrolysis of La(l11), Fe(l11) and Ni(ll) cations in hot water (t°>90°C). The XRD, TEM,
VSM results showed that Ni doping remarkably affects not only structure of products but
also their magnetic characteristics.

Keywords: nanomaterial, LaFe;xNixO;, magnetic properties, coprecipitation
method.

1.  Mé dau

Khi thay thé mot phan ion A hoic B, hoic ca A va B trong vt liéu perovskite
ABO:; (trong treong hop riéng, LaFeO3) bai cac ion kim loai khac nhu Zn, Cd, Fe, Co,
Ni, Mn... s& tao ra trang thai hon hop hoa tri va sai léch vé cau trac, 1am cho hop chat
nén tro thanh vat liéu ¢6 nhidu hiéu wng Ii tha nhu: hidu @ng nhiét dién, hiéu tng tir
nhiét, tir tré khéng 16 [8-10]. Diéu d6 dd mé ra nhitng tng dung mai caa nhém vat liéu
nay trong mot s6 linh vuc cdng nghiép hién dai nhu dién tur vién théng, thong tin, cong
nghé xu Ii hoa dau, xir Ii kim loai nang trong chat long hay xuc tac.

Pé tong hop vat liéu nano oxit don gian LaFeO; hoic pha tap cac kim loai khac
nhau, cac tac gia thuong sir dung phuong phap hoa udt nhu thuy nhiét, sol-gel, sol-gel
ddng tao phirc hay dét chay gel [1,2, 4], v6i uu diém la céc tién chat phan bb dong déu,
nhiét 6 nung thiéu két thap, din dén kich thuéc hat giam. Tuy nhién, téng hop vat liéu
nano ABO; theo cac phuong phap ké trén doi hoi phai khao sat nhidu yéu té anh hwong
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dén qua trinh hinh thanh don pha tinh thé perovskite nhu nhiét d6, thoi gian nung, ti 1¢
mol chét tao gel/ion kim loai, nhiét do tao gel, chat tao gel, gi tri pH cua méi truong,
...[1,2, 4]. Cong viéc nay tén rat nhidu thoi gian va khong hé don gian. Ngoai ra, ki
thuat sol-gel con tiéu ton mot lugng dung moéi dang ké, lam tang gia thanh san pham
vat liéu duoc san xuét ra tir chdng; su thém chét hiru co tao gel dé dbt chay san pham ¢
nhiét d6 thap co thé s& khong loai bo triét dé vun cacbon, gay anh huong khong tot dén
c4c tinh chét cua vat liéu, dac biét 1a cac tinh chat nhay véi nong do tap chip nhu tinh
chét dién, tinh chét tir caa vat liéu perovskite.

Trong bai bao nay, phuong phap dong két tiia don gian thong qua giai doan thuy
phan tir tir cac cation kim loai trong nudc néng trude (t° > 90°C), sau d6 dé ngudi roi
méi thém vao tac nhan két tia KOH 5% dé tong hop va nghién ctru anh huong cua su
pha tap Ni dén cac dic trung cau triic va tinh chat tir cia vat liéu nano LaFe;,Ni,O; (V6i
x=0,1; 0,15; 0,2 va 0,25). Bing phuong phap dong két taa don gian nay, nhom tac gia da
tong hop thanh cdng hé vat liéu perovskite nano oxit don gian LaFeOs; [5] va mot s6 hé
vat ligu pha tap nhu Y,.4CasFeOg; [7] hay spinel Co;4NiyFe,0,4 [6]. Viéc thuy phan tir tir
cac cation kim loai trong nudc nong trude, rdi dé ngudi s€ tao thanh két tia bén va han
ché sy 16n 1én vé kich thudc hat so véi khi két tia ¢ nhiét d6 phong [5-7].

2. Thuc nghiém va phwong phap nghién ciru
2.1. Hoéa chdt, dung cu

La(NO3)3 6H,0, Fe(NOs)3.9H,0, Ni(NO;),.6H,0, KOH, phenolphthalein, nudc

cat hai lan, gidy loc bang xanh.

Céc thary tinh chiu nhiét 200 ml, 1000 ml, pipet, buret, nhiét ké, may khuay tir gia
nhiét, con cé tir, bép dién, 10 nung, chén nung, tu siy.
2.2. Thuc nghiégm

Nho tir tir 50 ml dung dich nu6c chira hon hop mudi La(NOs)s,, Fe(NOs)s va
NI(N03)2 vé6i s6 mol thich hop vao cbc chira 500 nude nong (t° > 90°C), khudy déu trén
may khudy tir. Sau khi cho hét mubi, hé keo dugc dun thém 5 — 7 phit, sau d6 dé nguoi
dén nhiét do phong rdi cho tir tir dung dich KOH 5% vao, lugng KOH cho vao léy du
dé két tua hét cac cation La**, Fe** va Ni** (thir nude loc bang vai giot phenolphtalein).
Két tua dugc khuay déu trén may khuay tir khoang 30 phut, sau d6 loc bang méy hat
chan khéng va rira nhiéu 1an bang nudc cit, phoi khd tw nhién & nhiét do phong
(khoang 3-4 ngay).

Két tia phoi kho duge nghién min roi nung trong moi trudng khong khi tir nhiét
do phong dén cac nhiét do khac nhau, dé kiém tra su hoan thién viéc két tinh va tao pha
déng nhét LaFe, NiOs, toc do nang nhiét 10°C/phat. Quy trinh thyc nghiém dugc mo
ta nhu Hinh 1.
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Hinh 1. Quy trinh thyc nghiém téng hop vat lieu nano LaFe;,Ni, O,

2.3. Phwong phap nghién ciru

Gian d6 nhidu xa tia X (XRD) caa mau két ta sau nung dugc ghi trén may D8-
ADVANCE (buc) véi birc xa CuK, (A=0,15406 nm), goc quét 26=20-80°, budc do
0,02%s. Kich thudc hat trung binh cua pha tinh thé (nm) dugc tinh theo cdng thuc
0,89.4

Debye-Scherrer: d = .
pcoséo

Trong d6, P 1a d6 rong cua pic Gtmg voi nira chiéu cao ciia cuc dai nhidu xa
(FWHM) tinh theo radian, 0 1a goc nhiéu xa Bragg ung véi pic cuc dai d6 (d0).
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Anh vi ciu tric va hinh thai hoc dugc chup bang kinh hién vi dién tir truyén qua
(TEM) trén may JEOL-1400 (Nhat Ban) véi do phong dai khac nhau.

Céac dic trung tir tinh (duong cong tir tré, luc khang tir He, do tir du M, va do tir
hoa M,) caa mau vat liéu dugc nghién ciau & 300K bang tir ké mau rung (VSM) trén
may MICROSENE EV11 (Nhat Ban), tir truong téi da 16000 Oe.

3. Kétqua va thao luan
3.1. Két qud nhiéu xa tia X (XRD)

Dua vao két qua tong hop vat liéu nano LaFeOs [5], 900°C trong 1h dwgc chon dé
nung két tua tong hop vat liéu nano pha tap LaFe; NiyO3 (x=0,1; 0,15; 0,2; 0,25). Két
qua nhiéu Xa tia X dugc thé hién trén Hinh 1 va 2.

E E @ LaF eg85Nip2503 — 900°C (1h)
s : ® 00-037-1493-Iron Lanthanum Oxide
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Hinh 1. Gian d6 XRD mau LaFeo gsNio150s nung 900°C
trong 1h @4 ghép véi pho chudn LaFeO, (PDF.00-037-1493)

Gian d6 XRD ¢ Hinh 1 cho thay, mau két tiia sau khi nung 900°C (1h) c6 vi tri
dinh pic hoi dich chuyén vé phia goc 16n hon so véi cac pic chuan caa pha LaFeOs;
trong ngan hang gian dé (PDF 00-037-1493-Iron Lanthnuam Oxide - Orthorhombic:
a=5.566; b=7.855; ¢=5.553), khong xuét hién pic cua pha tap chat nao khac. Khi nong
d6 pha tap Ni tang tir 10% dén 25% nguyén tu thi goc 2-theta tinh theo mat mang (121)
tang theo, con kich thugc pha tinh thé ting dén gié tri x=0,2, sau do lai giam (Bang 1),
C&4C mau Vai gié tri x khac nhau déu khdng xuét hién pha tap chét (Hinh 2). Ching to su
pha tap Ni trong mang tinh thé LaFeO, d& hoan thién. Kich thuéc pha tinh thé LaFe;.
«Ni,Oj3 tinh theo cong thuc Debye-Scherrer véi cac gia tri x khac nhau dao dong 24 —
29 nm va céc hang s6 mang (a, b, ¢) léch nhau khong dang ké.
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Hinh 2. Gidn do chong phé XRD cua LaFe,,Ni,O; nung 900°C trong 1h

Bdng 1. Cac thdng s6 cdu triic va kich thuéc pha tinh thé LaFe,,Ni,Os nung 900°C

Mau 20, ° a, A b, A c, A d, nm
LaFeO, - 5,566 7,855 5,553 -
LaFey gNig 104 32,1886 5,544 7,866 5,560 26,02
LaFeg gsNip 1503 32,1979 5,544 7,845 5,584 27,51
LaFey gNig 04 32,2107 5,531 7,879 5,564 28,99
LaFeg75Nig 2503 | 32,3066 5,546 7,830 5,531 23,59

3.2. Két qud hién vi dién tir truyén qua (TEM)

Quan sat anh TEM caa cac mau vat liéu LaFe, gNig,05 va LaFeg75Nig 2505 (Hinh
3) cho thiy, su pha tap Ni vao mang tinh thé LaFeO; khong anh huéng dén hinh théi
hoc cua cac hat nano tao thanh [5]: cac hat c6 dang hinh cau vai bién canh yéu va hinh
bau duc, kich thudc cac hat riéng ré dao dong trong khoang 50-70 nm. Bong thoi, ciing
quan sét thdy cac hat két tu lai v6i nhau tao thanh cac dam hat nano phan bé sat nhau
nhu d6i v6i mau LaFeOs, trong cdng trinh [5].
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Hinh 3. Anh TEM cua vdt liéu nano LaFe1 «Ni,O3 (x O 2 va 0,25) nung 900 C

JEM-1400 1

3.3. Két qud do tir ké mdu rung (VSM)

Nghién ctru cac dac trung tr tinh ¢ 300K cua cac mau vat liéu nano LaFe;.,Ni,O3
cho thdy su pha tap Ni(Il) vao mang tinh thé LaF803 khong chi 1am tang kich thudc
pha tinh thé tao thanh, ma con anh hudng truc tiép dén cac dic trung tir tlnh cua chung
(Hinh 4 va Bang 2). O tir truong 15 kOe, cac dic trung tir tinh ciia cic miu vat liéu pha
tap Ni, nhu tir du M, va tir 46 b&o hoa M déu nho hon so véi LaFeOs thuan, trong khi
gid tri Iyc khang tir He lai I6n hon rat nhiéu Ian. Sy tang gié tri luc khang tir khi pha tap
Ni trong mang tinh thé LaFeOs 14 do tang tinh di huéng tir trong mang tinh thé va ting
su tuong tac gitra CAC ion V6i sy chuyén ddi trang thai hoa tri khac nhau cua sat voi
niken. Hién twong nady ciing dugc cdng bd trong céc cong trinh [7-8]. Khi ting nng do
pha tap Ni tir 10 — 20%, gia tri luc khang tur tang tir 168,137 — 173,974 Oe, sau d6 giam
nhe dén x=0,25; trong khi do cac gia tri M, va Mg lai tang tir x=0,1 dén 0,15, sau do lai
giam.

Piém dac biét & day 1a vat liéu nano perovskite don gian LaFeO; khi pha tap Ni
d4 chuyén tinh chat tir vat liéu tr mém (H.<100 Oe) sang vat liéu tir cing véi He>>100
Oe [10]. Nhu vay, tiy vao muc dich sir dung khac nhau ma ta c6 thé sir dung LaFeOs;
lam vat liéu hoat dong trong trudng ngoai, nhu 16i nam cham dién, 16i dan tir hay pha
tap dé c6 sir dung ché tao nam cham vinh ctiu cho cac dong co hay cac bang ti.

80



TAP CHI KHOA HOC BHSP TPHCM Nguyén Anh Tién va tgk

emu LaFel.B85N0.1503 emu LaFe0.75Ni0.2503

4.000E-2 / I T /. |
2.000E-2 Pl t i ! |
0.000E+0 - - | | . it
2.000E-2 ~4,000E-3-| | |
-4.000E-2 ' I /} i | ' -6.000E-3 / |

_--—v-—““"“'—', : I .

-18000 10000 -5000 » 5000 10000 16000 -18_005“- 10000 -5000 0 5000 10000 16000

Applied Field [Oe] Applied Field [Oe]

Hinh 4. Puong cong tir tré cua mau vdt liéu LaFe;,Ni,Os (x=0,15 va 0,25) ¢ 300K

Bdng 1. Cac ddc trung tur tinh cua vt liéu nano LaFe; (Ni,O3 o 300K

TT | Maiuvatligu H,, Oe M, emu/g M,, emu/g
1 “LaFeO, 42,53 0,24 0,01
2 | LaFeygNig;0; 168,137 15,7x10* 4,0x10™
3 | LaFegg5Nig1505 168,874 21,1x10* 5,7x10™
4 | LaFeggNig,05 173,984 20,2x10™* 5,2x10™
5 | LaFey75Nig2505 160,760 0,74x10™* 3,8x10™

4.  Kétluan

ba téng hop vat liéu nano pha tap LaFe,,Ni,O; (x=0,1; 0,15; 0,2 va 0,25) béng
phuong phap dong két tia thong qua giai doan thity phan céc cation La**, Fe** va Ni?*
trong nudc ndng, sau d6 dé nguoi roi thém vao tac nhan két taa 1a dung dich KOH 5%.
Vit liéu nano LaFe;..NiyOs thu dugc sau khi nung két taa & 900°C (1h) c6 kich thuéc
pha tinh thé 24 — 29 nm (theo XRD); kich thudc hat 50 — 70 nm (theo TEM) Su pha
tap Ni(ll) trong mang tinh thé LaFeOs khong chi anh huong dén cac thdng sé cau tric,
ma con thay doi tinh chat cua vat liéu nano LaFeOs tir tir mém sang tir cang.
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