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Abstract: In this study, HoFeOs nanomaterials with very small particle sizes (< 50 nm) were
synthesized using citric acid sol-gel method through hydrolysis of Ho®* and Fe3* cations in hot water.
Single-phase HoFeO3 was generated after calcination of the as-prepared powder at 750 and 850°C
during 1 hour. The UV-Vis spectra at room temperature presented strong areas absorption in the
range of 300 + 600 nm with small band gap energy (Eq = 1.93+2.25 eV). The obtained HoFeOs
nanomaterials exhibited a soft ferromagnetic behaviour with a magnetic coercivity of 33.2 OE.
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Tong hop vat liéu nano HoFeOs biang phuong phap sol-gel citric
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Tém tat: Vit liéu nano HoFeOs3 kich thudc < 50 nm da dwoc tong hop thanh cong bang phuong
phép sol-gel citric thong qua giai doan thuy phéan cac cation Ho (II) va Fe (III) trong nudc nong.
HoFeO3 don pha hinh thanh sau khi nung san phim bot & 750 va 850°C trong 1h. Phd UV-Vis &
nhiét d6 phong ciia mau thé hién d6 hip thy manh trong khoang 300+600 nm véi Eq = 1,93+2,25
eV. Vit liéu nano HoFeOs3 téng hop duoc thé hién tinh chét thuan tir véi He = 33,2 Oe.

Tir khda: HoFeOs, vat liéu nano, tinh chat quang, tinh chat tir, sol-gel.

1. Mé dau

Nghién ciru ché tao vat liéu nano perovskite
orthoferrite RFeOs (R 1a cac nguyén té dat hiém
nhu La, Y, Pr, Nd, Ho, Gd,... ) ¢6 thanh phan,
cau trdc va tinh chat mong muon 1a mot van dé
thu vi dang thu hut sy quan tdm cua cac nha khoa
hoc trong nudc va trén thé gisi [1-5]. Mét trong
cac orthoferrite dat hiém dang duoc quan tam
nghién ctiu c6 thé ké dén 1a HoFeOs. Trong cong
trinh [6], Kondrashkova va cong su da téng hop
thanh cong vat liéu nano HoFeOs kich thudc tinh
thé 27-40 nm bang phuong phap d6t chay
glycine-nitrate ung dung phan huy Methyl
Orange trong ving tir ngoai-kha kién (UV-Vis),
vat liéu bot HoFeOs tong hop duoc c6 ning
luong ving cam Eq ~ 2,1 eV. Tuy nhién, khi kich
thuéc hat cua vat liéu HoFeOs tang (~ 150 nm,
t6ng hop bang phan &ng pha ran), gié tri Eg ting
theo (Eg = 3,39 eV), d6 hap thu cuc dai c6 xu
huéng chuyén vé& vang tir ngoai [7,8]. Ciing
trong cong trinh [7], tinh chat tir cia HoFeOs
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duoc nghién ctu ¢ tur truong cuc dai 60000 Oe
véGi luc khang tir He = 2659 Oe, do tir du M, =
4,08 emu/g, do tir hod bdo hoa M = 25,50 emu/g.
Vi gia tri luc khang tir va do tur du 16n (He >>
100 Oe), vat liéu orthoferrite téng hop duoc
trong c6ng trinh nay thuoc loai vat liéu tir cieng
[9,10] do kich thudc hat 16n va khong dong nhat.
Do d6, viéc giam kich thudc vat liéu HoFeOs
nham giam céc gia tri Eg, Hec va M, 12 myc tiéu
cua nghién ctru nay.
2. Thuc nghiém va phwong phap nghién ciu
2.1. Tong hop vat liéu

Vit liéu nano perovskite HoFeOs duoc tong
hop theo phuong phap sol-gel sir dung acid citric
lam chét bao phu bé mat cé thém chét tao phirc
la polyvinyl alcohol (PVA) [11]. Quy trinh thuc
nghiém duoc thuc hién nhu sau.

Hoa tan hdn hop hai mudi Ho(NO3)s-5H20
va Fe(NOs)s-9H,0 véi ti 1€ mol 1a 1/1 vao 50 mL
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nudc cat. Tiép theo nho tir tir dung dich chira hdn
hop mubi vao 100 mL nudc cat dang soi trén
may khuay tir gia nhiét (t° > 90°C), thu duoc hé
mau nau do. Viéc nho tir dung dich chira hon hop
mudi Fe(Ill) va Ho(III) trong nudc néng 1am
tang tinh thuy phan cac cation kim loai, han ché
su I6n 18n vé kich thudc hat perovskite HoFeOs
tao thanh. Két qua nay dugc thé hién trong cac
cdng trinh téng hop cac nano perovskite RFeOs
(R = Nd, La, Y) [12-14]. Nhé tir tir hé thu duoc
(150 mL) vao céc dung 200 mL dung dich ndng
chtra hén hop acid citric va PVA. Ti I¢ mol hai
ion kim loai : citric acid : PVA =1:1:1[15],
duy tri nhiét d6 80-90°C va khuay tir lién tuc cho
dén khi thu duoc hé gel dic. Dung diia thuy tinh

tiép tuc khuay tron va gia nhiét & khoang 170 —
200°C cho dén khi thu dugc chat bot mau vang
nau (tién san pham HoFeOsz). Tién san pham
HoFeOs duoc nung ¢ cac nhiét d6 650, 750 va
850°C trong 1h dé nghién ciru sy hinh thanh don
pha orthorhombic HoFeOs.

2.2. Phuwong phap nghién cuu

Gian do phan tich nhiét dugc ghi trén thiét bi
TGA-DSC (Labsys Evo, TG-DSC 1600°C,
SETARAM Instrumentation, Caluire, France)
trong mdi truong khong khi khd, toc do gia nhiét
10 K-min, nhiét d6 nung téi da 700°C.

100] =
Y Am (%) - 5.63

i |232.86°C

Am (%) —49.89

337.19°C

O DSC
] ___‘-_/\__../
60
87.07°C
50
40
Am (%) - 16.67
30 TGA
“o 100 200 300 00 500 600

Sample Temperature (°C)

Hinh 1. Gian d6 TGA-DSC cia mau bot truéc khi nung.

Gian d6 nhiéu xa tia X (XRD) cua cac mau
HoFeO; duoc nghién ctu trén thiét bj X-ray
powder diffraction (XRD, D8-ADVANCE,
Bruker, Bremen, Germany) véi biac xa CuK,
budc séng A = 1,5406 A, 26 = 20-70 °, budc do
0,02 °/s. Kich thuéc pha tinh thé (Dxrp, nm) cua
vat liéu orthoferrite HoFeOs dugc tinh theo cong
thirc Debye-Scherrer, cac théng sé mang (a, b, c,
V) duoc tinh dya theo cdng trinh [16].

Anh vi cdu tric va hinh thai hoc cua bot
HoFeOs duoc chup bing kinh hién vi dién ti
quét (FESEM, S-4800, Hitachi, Japan). Thanh
phan cac nguyén té (dinh tinh va dinh luong)
duoc xac dinh bang phé tan sic nang luong tia X
(EDX) trén thiét bi FESEM, S-4800.

Phé hap thu tir ngoai kha kién cua vat liéu
dwoc do trén thiéft bi UV-Visible
spectrophotometer (UV-Vis, JASCO V-550,
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Japan). Gi4 tri nang luong ving cam (Eg, eV)
duoc tinh dwa vao cong trinh [17,18]. Puong
cong tur tré va cac dic trung tir tinh (He, Ms, M)
& nhiét do phong dugc xac dinh trén hé do tir mau
rung (VSM, MICROSENE EV 11, Japan).

3. Két qua va thao luan

Hinh 1 trinh bay gian d6 phan tich TGA-
DSC cua mau bot (tién san pham HoFeO3) trudc
khi nung nhiét, cho thdy téng khdi luong mat
trong toan bo qua trinh nung mau tir nhiét do
phong dén 700°C 1a 72,19 %. Bong thoi trén
duong DSC xuat hién hiéu tng toa nhiét tir
khoang 200 dén 450°C. Piéu nay co thé giai
thich 1a do sy nhiét phan gdc nitrat (NOs?) cung
cap oxi cho phan tng phan huy lién két giira cac
cation Ho®", Fe®* voi cac gbc hydroxyl (OHY)
trong acid citric va PVA, dong thoi dét chay cac
géc hiru co dé giai phong CO; va H;0. Pic thu
nhiét & 87,07°C 1a do sy mat nudc 4m cua mau.
Tir sau khoang 450°C khong xay ra do hut khoi
luong (duong TGA nam ngang). Két hop két qua
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phan tich nhiét voéi cong trinh tong hop
perovskite dat hiém NdFeO; tir viéc nghién ctu
tinh chit nhiét cac hydroxide Fe(OH)s; va
Nd(OH)s [12], chon nhiét d6 nung mau la 650,
750 va 850°C trong 1h dé nghién ctu sy hinh
thanh don pha orthoferrite HoFeOs bang phuong
phap nhiéu xa tia X, két qua duoc thé hién trén
Hinh 2.

Gian dd nhidu xa tia X trén Hinh 2 cho thiy,
mau nung & 650°C thu dugc cac pic tuong (ng
v6i thanh phan pha HoFeOs c6 cau tric
hexagonal (h-HoFeO; [6]). Véi cac mau nung &
750 va 850°C, cac dinh pic nhiéu xa dic trung
boi cac mat phang (h k 1) dé chi ra & Hinh 2 cua
gian d6 nhidu xa, trong tng vai pha tinh thé cua
orthoferrite HoFeOs; (PDF number 046-0115,
HoFeOs-Orthorhombic; a = 5,2823 A: b =
5,5917 A; ¢ = 7,6078 A; nhém khdng gian Pbnm
(62)). Khi nhiét do nung tang, d6 két tinh cua vat
liéu (I, a.u.) ciing ting, kich thudc tinh thé tinh
theo cong thic Debye-Scherrer va thé tich 6
mang tinh thé ciing tang theo (Bang 1).
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Hinh 2. Gian ¢ XRD cua mau bot HoFeO3 nung & 650, 750 va 850°C trong 1h.

Bang 1. Thong sé cdu tric ciia cac mau HoFeO3 nung & 650, 750 va 850°C trong 1h

HoFeOs | 1, (au) | d,(A) | FWHM, () | D, (nm) Tahongs"gm"” ’(Ac) V, (A9
650°C | 347,60 | 2,70126 | 0,2508 : ; ; ; :
750°C | 1476,39 | 2,70411 | 02736 | 2537 | 52817 | 55842 | 7.6076 | 224,38
850°C | 1628,59 | 2,70591 | 0,736 | 26,13 | 5.2823 | 5,5791 | 7,6239 | 224,68
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Phé EDX cua mau HoFeOs nung & 750°C
trén Hinh 3 chi quan sét thy cac pic (g vdi cac
nguyén t6 Ho, Fe va O, khdng xuét hién céc
nguyén t6 tap chat. Thanh phan cac nguyén t6
(phan tram khéi luong va phan trim nguyén ti)
phtl hop vai cong thirc HoFeOj3 dur kién ban dau,
su sai léch < 3 %. Anh SEM ctua mau HoFeOs
nung & 750°C cho thiy cac hat vat liéu ¢ hinh
thai hoc tuong dbi dong nhit véi kich thudc hat
<50 nm.

Phé UV-Vis ¢ nhiét do phong cia mau
HoFeO; nung & 750°C cho thay c6 su hap thu
manh trong vung tir ngoai (~ 300+-400 nm) va
ving kha kién (~ 400+600 nm) (Hinh 4), twong
g voi gia tri nang luong ving cam (Eg) Xac
dinh dugc trong khoang 1,93+2,25 eV. Gia tri Eq
ciia mau vat lidu nano HoFeO; tong hop duoc
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hoi cao hon so véi HoFeOstrong cac cong trinh
[6,18], nhung bé hon nhiéu so véi mau HoFeOs
trong cdng bd cia Habib Z. va cong su (Eq = 3,39
eV) [7]. Gia tri band gap ctia mau vat liéu nano
HoFeOs tong hop duoc trong cong trinh hoi thdp
hon hodc x4p Xi so v&i mot s6 hé orthoferrite dat
hiém twong ty. Vi duy, ddi véi hé PrFeOs diéu ché
theo phuong phap sol-gel trong céng trinh cta
Peisong T. va cong su [19] c6 Eq = 2,40 eV, con
trong cong trinh Tijare S.N. va cong su thi Eg =
2,08 eV [20]. Giatri Eq = 2,15+2,23 eV [4] va
2,05 eV [21] d6i véi orthoferrite LaFeOs tong
hop bang phuong phap dong két taa va sol-gel
tao phirc twong ung. Gié tri band gap thip cua
mau vat liéu HoFeOj3 tong hop duoc trong cong
trinh nay thuan lgi cho viéc tng dung ching lam
xuc tac quang, cam bién khi hay vat liéu dién cuc
trong pin nhién liéu ran [1-2, 6-7].

Hinh 3. Pho EDX va anh SEM cua vat liéu nano HoFeOs nung & 750°C trong 1h.
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Hinh 4. Phé UV-Vis & nhiét do phong cua vat liéu nano HoFeOs nung & 750°C trong 1h.
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Do duong cong tir hod ¢ nhiét do phong cho
thiy do tir hoa (Ms) clia mau tiép tuc ting trong
trong tur truong khao sat, trong khi gié tri luc
khéang tir xac dinh duoc 1a rt bé (H. = 33,2 Oe),

con do tir du (M) gan nhu bang khong nhu trong
Hinh 5. MAu vat liéu nano HoFeOs diéu ché duoc
trong nghién ciru nay thé hién tinh chét thuan tir
& nhiét @6 phong.
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Hinh 5. Puong cong tir hoa cia mau HoFeOs nung ¢ 750°C trong 1h.

4. Két luan

Nghién ctru da thanh cong trong viéc tong
hop duoc vat liéu nano orthoferrite HoFeO; bang
phuong phap sol-gel citric c6 thém chat tao phirc
la PVA thong qua giai doan thuy phén cac cation
holmium (III) va iron (IIT) trong nudc nong. Vat
liéu nano HoFeOs don pha thu dugc sau khi nung
san pham bot ¢ 750 va 850°C trong 1h véi kich
thugc tinh thé ~ 25 nm, kich thuéc hat < 50 nm.
Vit liéu nano HoFeOs téng hop duogc ¢ ning
lugng ving cam thap, thé hién tinh chat cua vat
liéu thuan tu, do d6, vat liéu nano HoFeOs co
tiém ning duoc tng dung khong chi trong xc
tac quang ma con trong linh vuc vat liéu tur.
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