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TOM TAT

Trong bdi bdo nay, cdc hat nano orthoferrite HoFeO3 vdi cdu triic perovskite diroc tong hop
thanh cong bang phiwrong phdp két tia hod hoc don gian véi tac nhan két tia la dung dich NaOH
5%. Cdc hat nano don pha orthoferrite HoFeOs tao thanh sau khi nung tién chdt két tia ¢ 700, 800
va 900°C trong 1 gio ¢ kich thuéc tinh thé trung binh khodng 35-70 nm va ting dan theo chiéu ting
nhiét @6 nung mau (XRD), kich thuréc hat 30-50 nm (SEM, TEM). Cdc mdu vt liéu nano HoFeOs tong
hop durgc ¢6 luc khang tir bé (He < 10 Oe), dé tir due bé (M, ~ 0), do tir hod lén (Ms ~ 5 emu-g™), la vat
liu nghjch tir thé hién hanh vi siéu thugn tir. Cdc ddc trung tir tinh cua vat liéu nano HoFeOs nhur
luec khdng tir va dg tir du bé hon, nhung do tir hod |6n hon so véi cdc hé perovskite ddat hiém LaFeOs,
NdFeOs, PrFeOs dd cong bé.

Tir khod: két tua hoa hoc; HoFeOs; vat liéu nano; tinh chat nhiét; tinh chét tur

1. Mé dau

Trong cac oxides ban dan c6 kich thuéc hat nho thi cac orthoferrites dat hiém LnFeOs
(Ln=La, Y, Pr, Ho, Gd...) chiém mot vi tri dic biét ca trong nghién ctru co ban 1an nghién
ctru tng dung (Rempel, 2007). Mot trong cac orthoferrites dat hiém dang duoc quan tam
nghién ctu 13 HoFeOs. Trong nghién cau cia Kondrashkova va cong sy da tong hop thanh
cdng cac tinh thé HoFeOs kich thudc 27-40 nm bang phuong phap dét chay glycine-nitrate
& nhiét d6 625-725°C trong 8 gio (Kondrashkova et al., 2018). Cac hat nano HoFeOs tong
hop duoc ¢6 ning lwong ving cam thap (Eq~ 2,1 eV) va duoc tng dung phan huy Methyl
Orange (MB) trong ving tir ngoai kha kién (UV-Vis). Trong cong trinh caa Habib va cong
su (Habib et al., 2016), vat liéu orthoferrite HoFeO3 duoc téng hop bing phuong phap gém
truyén théng tir cac tién chat oxit la Ho203 va Fe;0s, sau khi nung & 1200°C trong 12 gio
thu dugc don pha orthorhombic ¢6 kich thudc hat trung binh la 149,30 nm. Nghién ctu tinh
chat quang va tinh chat tir caa vat liéu HoFeOs tong hop duoc cho thiy Eq = 3,39 eV ¢ 300K;
do tir hoa Ms = 25,50 emu-g%; luc khang tir He = 2659 Oe va do tir du M, = 4,08 emu-g*

Cite this article as: Nguyen Anh Tien, Truong Thi Thuan, & Do Hoang Phuc (2021 Thermal and magnetic
properties of HoFeO3 nanoparticles prepared by chemical co-precipitation method. Ho Chi Minh City University
of Education Journal of Science, 18(6), 1161-1169.
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(cac dac trung tur tinh do ¢ 10 K va tur truong cuc dai 60 kOe). Vi gia tri luc khang tr va
d6 tir du 16n (He >> 100 Oe), HoFeOs tong hop duoc trong cong trinh Habib va cong su
thudc nhom vat liéu tir cang do kich thuéc hat 16n va khong dong nhat, dan dén han ché tiém
nang ung dung cua vat nay (Nada et al., 2016).

Do d6, viéc nghién ctiu cai tién phuong phap tong hop nham giam kich thuéc hat cua
vat liéu HoFeOz vai muc tiéu cai thién cac dac trung tir tinh caa chang la muc tiéu cia cong
trinh nay.

2. Vatli¢u va phuwong phap
2.1. Hod chdt, dung cu, thiét bj

Cac hoa chat duoc sir dung dé tong hop vat liéu nano orthoferrie HoFeOs bao gém
Ho(NO3)3-5H20 99,8% (hang Merck), Fe(NOz3)3-9H20 99,6% (hang Sigma-Aldrich), dung
dich NH3-H20 25% (D = 0,91 g-mL™), nuéc cat hai lan, gidy loc bang xanh, gidy tam
phenolphthalein, gidy can, gidy do pH. Cac hoa chat Ho(NO3)3-5H20 va Fe(NOs)s-9H,0
dugc can theo ti 1 mol 1a 1:1 va hoa tan vao tam giac chira 50 mL nudc cat.

Céc dung cu can cho thuc nghiém bao gdm céc thuy tinh dung tich 2000 mL, tam giac
dung tich 100 mL, buret dung tich 25 mL, bo loc hut chan khong, diia thuy tinh, mudng xuc
hoa chét, binh tia nudc cét, coi va chay si.

Cac may moc thiét bi duoc sir dung bao gom can phan tich 4 sd, may khudy tir gia
nhiét va con ca tir, may loc huat chan khdng, bép dién.

2.2.  Phwong phdp téng hep vt liéu nano orthoferrite HoFeOs

Cac hat nano HoFeOs duoc tong hop bang phwong phap két taa hoa hoc don gian diwa
trén cac cong trinh tong hop nano NdFeOs va PrFeOs (Nguyen et al, 2020). Nho tir tir ting
giot 50 mL dung dich chtta hdn hop hai mubi Ho(NO3)s va Fe(NOs)s vao coc chira 400 mL
nuéc néng (t° > 95°C) trén may khuay tir gia nhiét. Sau khi nho hét dung dich hdn hop mudi,
hé tiép tuc dugc gia nhiét thém 10 phat, roi dé nguoi tu nhién dén nhiét do phong (~ 30°C).
Tiép theo, nho tir tir 50 mL dung dich NaOH 5% vao hé thu dwoc va tiép tuc khuay tir. Lugng
dung dich NaOH 5% duoc thém vao vira du dé két tia hét cac cation Ho®* va Fe®* ¢co trong
hé (thir hé bang gidy tam phenolphthaelin hoa hong). Sau khi cho dung dich NaOH 5% vao
hé vira du, tiép tuc khudy tir thém 60 phut dé két taa phan tan déu va 6n dinh trong nhau. Dé
két taa ling trong khoang 30 phit roi tién hanh loc lay két taa trén hé loc hat chan khéng va
rira nhiéu 1an bang nudce cat dén gia tri pH = 7 (tha nude loc bang giay do pH).

Két tua dugc dé kho tu nhién ¢ nhiét do phong khoang 3-5 ngay, rdi nghién min bang
cbi va chay st ta thu duoc bot min mau vang nau (tién chat tong hop vat liéu nano orthoferrite
HoFeOs).

2.3. Cdc phwong phap nghién ciru vdt ligu nano orthoferrite HoFeOs

Tinh chat nhiét (TG-DSC) cuia mau bot tién chat duoc do trén may Labsys Evo 1600°C
(Phap) trong méi truong khong khi khd, téc do gia nhiét 10 K-phat™, nhiét d¢6 nung tbi da
900°C, chén dung mau bang platinum.
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Cau trac va thanh phan pha tinh thé cua cac mau tién chat sau khi nung duoc nghién
cttu bang phuong phap nhidu xa tia X (XRD) trén may Brucker D8-ADVANCE (Brc), sir
dung thé gia téc va cudng do dong lan luot 13 40 kV va 40 mA véi ngudn bic xa Cu Ky co
L =1,54184 A, budc do 0,019°, 26 = 10-80°. Kich thudc tinh thé ciia pha HoFeOs (Dxro,
nm) duoc tinh theo cong thirc Scherrer (Sasikala et al., 2017).

D= 0.89A ,

BcosH
trong do, B la @6 rong tng vaoi nira chiéu cao cua cuc dai nhidu xa (FWHM, °), con 6 la goc
nhiéu xa tng cua cuc dai nhiéu xa twong Gng.

Céc hang s6 mang tinh thé orthorhombic HoFeOs (a; b; ¢; A) va thé tich 6 mang (V,
A3) duoc tinh theo cong thirc (2) va (3) dya theo cong trinh (Sasikala et al., 2017).

1 h* k* I

PR @

V =a-b-c. 3)

Hinh thai va kich thudc hat cua mau vat liéu orthoferrite HoFeOs xac dinh dya vao
anh hién vi dién tar quét (SEM) trén may HITACHI S-4800 (Nhat Ban) va anh hién vi dién
tir truyén qua (TEM) trén may JEOL-1400 (Nhat Ban).

Ham luong cac nguyén té (Ho, Fe va O) duoc xac dinh dwa vao phd tan sic ning luong
tia X (EDX) trén may FE SEM S-4800, xac dinh tai 5 vi tri khac nhau rdi lay gia tri
trung binh.

Cac dic trung tir tinh cua vat liéu nano orthoferrite HoFeOs nhu duong cong tir tré,
luc khang tir (Hc, Oe), d6 tir hoa (Ms, emu/g) va do tir du (Mr, emu/g) dwoc nghién cau trén
tir k& mau rung (VSM) trén may MICRSENE EV11 (Nhat Ban), do ¢ nhiét do phong (300
K), tir truong tir -20 kOe dén + 20 kOe.

3. Kétqua va thao luan

Gian d6 TG-DSC cua mau bot tién chat (Hinh 1) cho thiy khéi lugng mau giam khoang
35,00% khi nung tir nhiét ¢ phong dén 900°C. Chiing to thanh phan két tua thu duoc co
cong thac khéng chi don gian 1a Ho(OH)3 va Fe(OH)s nhu ¢ phuong trinh hoa hoc (4). That
vay, phan trim khdi luong mét tir phuong trinh (4) tinh duoc 1a 16,73%. Su sai léch nay
duoc cho la két tia tong hop duoc co thanh phan thay d6i dudi dang cong thirc Fe203-xH20
va HoO(OH)-yH,0 (Pham et al., 2009) tuy thudc vao diéu kién tong hop va luu mau. Két
qua twong tu duoc trinh bay trong cong trinh tong hop vat liéu nano NdFeOs ciia Nguyen va
cong su (Nguyen et al., 2020). Sy mat khéi lwong c6 thé dugc chia thanh hai giai doan chinh.
Giai doan 1 xay ra tir nhiét do phong dén khoang 200°C véi khéi luong giam 19,82% duoc
gan cho qua trinh mét nudc 4m va mat nudc mot phan trong két tua caa Ho (111) va Fe (111).
O giai doan nay, trén duong DSC quan sat dugc mot pic toa nhiét Ion ¢ 115,97°C. Giai doan
tiép theo xay ra tir 200°C dén 600°C vé6i d6 giam khdi lugng 15,18% ¢ng voi sy thu nhiét
dé nhiét phan hoan toan két taa Fe,03-xH,0 va HoO(OH)-yH-0 tao thanh cac oxit Fe;03 va

1)
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Ho20s. Két luan nay duoc kiém ching qua pic thu nhiét trén duong DSC ¢ 307,91°C. Tir
600°C tré di khong quan sat thay sy giam khdi lugng trén dudng TG, ching to cac oxit da
6n dinh nhiét. Trén duong DSC quan sat dugc pic toa nhiét 16n bit dau tir khoang 700°C va
két thuc khoang 800°C, ching to trong khoang nhiét do nay xay ra qua trinh tao pha
orthoferrite HoFeOs tir cac oxit Fe2O3 va H0203 theo phuong trinh hoa hoc (5).

Fe(OH)3 + Ho(OH)3; — HoFeO3 + 3H20 4

FeoO3 + H02,03 — 2HoFeO3 5)

Tir két qua phan tich tinh chat nhiét cia mau tién chat (gian d6 TG-DSC), chon nhiét
d6 nung so bod mau bot tién chat & 600°C trong 30 phut, sau d6 nang 1én 700, 800 va 900°C
trong 1 gio dé nghién ctru bang phwong phap nhiéu xa tia X (XRD).

o
¥ 745,96 °C
U
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Hinh 1. Gidn do TG-DSC cia mdu tién chat tong hop vat liéu nano orthoferrite HoFeOs

Gian d6 XRD cua cac mau tién chat sau khi nung 700, 800 va 900°C trong 1 gio dugc
trinh bay & Hinh 2. Két qua cho thay ca ba mau déu thu dugc don orthoferrite HoFeO3 Véi
c4u tric orthorhombic thuéc nhom khéng gian Pbnm (62). Cac pic thu dwoc déu trung véi
c4c pic cua chat chuan HoFeOs (S6 thé chuan 46-0115). Khi nhiét ¢6 nung ting tir 700°C
dén 900°C thi cuong d6 két tinh (1) cua vat liéu HoFeOs ting 294,37 (a.u) dén 552,60 (a.u)
va thé tich 6 mang tinh thé (V) ciing tang tir 220,88 dén 223,01 A% (Bang 1). Tuy nhién, kich
thudc pha tinh thé HoFeOs tinh theo cong thire (1) lai bién ddi khong tuyén tinh, bé nhat dbi
v6i mau nung & 800°C (Dxrp = 35,63 nm) va 16n nhét dbi véi mau nung & 900°C (Bang 1).
Tir két qua tinh kich thudc tinh thé, chon mau nung & 800°C d quan sat hinh thai va kich
thudc hat bang kinh hién vi dién tir quét (SEM) va kinh hién vi dién tir truyén qua (TEM),
ddng thoi xac dinh thanh phan cac nguyén t6 Ho, Fe va O co trong hop chat. Két qua duoc
trinh bay ¢ Hinh 3.
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Anh SEM va TEM cho thay cac hat HoFeO3 téng hop duoc ¢ hinh thai hat va kich
thudc twong ddi dong déu nhu hinh cau, hinh cau phan canh yéu, véi duong kinh khoang
30-50 nm. Bén canh d6, anh SEM va TEM ciing cho thdy cac hat c6 xu huéng xép chong
Ién nhau, 1én két véi nhau tao thanh cac cum hat nano hoac lién tinh thé kéo dai. Sy lién két
giita cac hat tao thanh cum hoic xép chong I1&n nhau c6 thé 1a do cac hat co tir tinh nén hat
1an nhau, gay kho khan khi phan tan chiing trong nghién cttu bing phuong phap SEM va dic
biét Ia phuong phap TEM. Mic dau c6 sy két tu, nhitng van co thé quan sat duoc bién hat
(bién giai hat dugc quan sat kha ro tir anh TEM trén Hinh 3a).

Bdang 1. Cdc théng sé cdu tric tinh thé cua cac mau HoFeOs nung ¢ 700, 800 va 900°C

Théng s6 mang, (A)

HoFeO; I, (a.u.) FWHM, (°) D, (nm) 5 S V, (A%
700°C 294,37 0,2057 39,87 5,25 5,58 7,54 220,88
800°C 412,10 0,2244 35,63 5,26 5,58 7,56 221,89
800°C 552,60 0,1122 71,75 5,27 5,59 7,57 223,01

o0 °C
| | | 1 | - ‘I
800 2C

Cwong dg, (a.u)
['% -

46-0115 =HoFeDs

| |
‘20 3 = 4 = s0 e 70 28,°
Hinh 2. Gidn do XRD cua vt ligu nano HoFeOs nung ¢ 700, 800 va 900 °C

Két qua phan tich thanh phan cac nguyén t6 Ho, Fe va O trong mau nung ¢ 800°C
bang phé EDX cho thdy khong xuat hién pic cia nguyén tb tap chat nao (Hinh 3c). Phan
tram khéi lwong cua cac nguyén té Ho, Fe va O trong mau thuc nghiém gan véi cong thirc
li thuyét du kién ban dau (Bang 2). Cong thuc thuc nghiém cia mau vat liéu thu duoc la
HoFe1,0203,67. Su sai léch chu yéu quan sat thay ddi véi nguyén té oxygen. Pidu nay cé thé
la do phuong phap EDX to ra khong chinh xac d6i véi nguyén té ¢6 s6 hiéu Z < 10 (O = 8)
(Mark et al., 2017). Ngoai ra, su hap phu oxygen co trong khong khi Ién trén bé mat cia mau

vat ligu nano HoFeOs ciing la nguyén nhan gay ra su sai Iéch noi trén (Fergus, 2007).
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I Fa

'1~ VST 3 ZNSAT) PRSI [
Hinh 3. Anh TEM (a), SEM (b) va EDX (c) ciia mdu vat liéu nano HoFeOs nung ¢ 800°C

Bdng 2. Thanh phan cac nguyén té Ho, Fe va O trong mau HoFeOs nung ¢ 800°C
Phén trim khéi lwong, %

Nguyen to Li thuyét Thuc nghi¢m
Ho 61,36 58,87
Fe 20,78 20,15
0] 17,86 20,98

Do duong cong tir hoa & nhiét do phong (300 K) ciia cac mau vat liéu nano HoFeOs
nung ¢ 700, 800 va 900°C cho thay dé tir hoa cua ca ba mau tiép tuc ting trong tir truong
khao sat (duong cong tir hod tiép tuc di 1én thiang ding), trong khi gia tri luc khac tir do dugc
la rat bé (Hc < 10 Oe), @6 tir du M; gan nhu bang khdng, con do tir hoa (Ms ~ 5 emu-g™) lai
rat 16n (Hinh 4, Bang 3). Gia tri luc khang tir (He = 2,68 Oe) va d6 tir du (M = 0,61-10°°
emu-g™*) cia mau nung & 800°C la bé nhat (Bang 3), co thé la do kich thudc tinh thé HoFeOs
ciia mau nay 1a bé nhit (Dxro = 35,63 nm, xem Bang 1). Ngoai ra, gia tri lrc khang tir va do
tir du ctia cac mau vat liéu nano HoFeOs tong hop duoc trong cdng trinh nay bé hon, nhung
do tir hoa lai 16n hon rat nhiéu so véi mot s6 hé perovskite dat hiém LnFeOs (Ln = Pr, Ho,
La, Nd) da cong b trude d6 (Bang 3). Cac dic trung tir tinh tét cia vat liéu nano HoFeOs
t6ng hop duoc trong cong trinh nay c6 thé 1a do kich thudc hat nho va sy két tu it hon so véi
cac hat nano LnFeO3 da cong bé.
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Hinh 4. Buong cong tir hod cua cac mdu vt liéu nano HoFeOs ¢ 300 K
Bdng 3. Dac trung ter tinh ¢ 300 K cua vat liéu nano HoFeOz nung ¢ 700, 800 va 900°C
Vit ligu M, emu-g’* H, Oe Ms, emu-gt
HoFeOz nung ¢ 700°C 1,38-10°3 541 4,98
HoFeOz nung ¢ 800°C 0,61-10° 2,68 4,43
HoFeOz nung ¢ 900°C 1,30-10°3 4,53 4,87
LaFeOs (Sasikala et al., 2017) 0,0015 1217,60 0,0051
NdFeOs; (Nguyen et al., 2020) 0,68 136,76 0,7970
HoFeOs (Habib et al., 2016) - 2659 -
PrFeOs (Nguyen et al., 2020) ~ 0,0004 10-42 0,15-0,19

4. Kétluan

Trong c6ng trinh nay, da tong hop thanh cong vat liéu nano orthoferrite HoFeOs bang
phuong phap két taa hoa hoc don gian véi tac nhan két taa Ia dung dich NaOH 5%. Cac tinh
thé nano don pha orthorhombic HoFeOjs (Kich thuéc trung binh Dxrp = 35,63-71,75 nm; thé
tich 6 mang V = 220,88-223,01 A%) thu duogc sau khi nung cac mau tién chat ¢ 700, 800 va
900°C trong 1 gid. Anh SEM, TEM ctia mau nung & 800°C cho thiy cac hat HoFeOs tao
thanh c6 hinh thai va kich thudc hat trong dbi ddng nhét (kich thudc hat 30-50 nm). Cac
mau vat liéu nano orthoferrite HoFeOs tong hop duoc la vat liéu nghich tur thé hién hanh vi
siéu thuan tir (luc khang tir va @6 tir du bé, do tir hoa Ion va chua dat bao hoa tai tir truong
20 kOe), thé hién tiém nang wng dung lam vat liéu tir hoat dong & tir trudng cao.
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< Tuyén bé vé quyén lgi: Cac tac gid xac nhan hoan toan khéng c6 xung dét vé quyén loi.

% Loi cam on: Nghién ciu nay duoc tai tro béi dé tai khoa hoc va céng nghé céap
Trwong Pai hoc Sw pham Thanh phd H6 Chi Minh, méa sé: CS.2020.19.21.
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ABSTRACT

In this paper, HoFeOs orthoferrite nanoparticles with perovskite-type were successfully
synthesized through a simple chemical co-precipitation method by using sodium solution 5% as a
precipitating agent. After annealing the precursor at 700, 800, and 900°C for 60 minutes, a single
phase HoFeO; orthoferrite product was formed with an average crystallite size of 35-70 nm and the
particle size of 30-50 nm. The average crystal size and lattice volume of nanocrystalline HoFeO3
increased in line with the annealing temperature. The HoFeO3; samples showed antiferromagnetic
properties with super-paramagnetic behaviour. The obtained properties are expressed as low values
of coercive force (He < 10 Oe) and remanent magnetization (M, ~ 0 emu-g™), high magnetization (Ms
~5emu-g™)). The magnetic parameters of the HoFeO3 nanomaterials such as the coercive force and
remanent magnetization are lower, but the saturation magnetization is higher compared to the
published rare-earth perovskite orthoferrite nanomaterials LaFeOs, NdFeOs, PrFeQs.

Keywords: chemical co-precipitation method; HoFeOs; nanomaterials; thermal and magnetic
properties
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