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TOM TAT

H¢é hat nano perovskite lanthanum pha tgp neodymium (La;NdxFeOs véi x = 0; 0,1; 0,15 va
0,2 theo cong thizc Ii thuyér) diroc hinh thanh tir ki thudr dong két tia véi sy thém vao dung dich sodium
hydroxide 5%. Cac ddc tinh hoa li ciia hé hat nano Lay_xNdxFeOs tong hop diroe danh gié bang céc ki
thugt nhiéu xa tia X bgt (PXRD), kinh hién vi dién tir (SEM, TEM), phé tan sdc ndng lirong tia X (EDX)
va hé do tir ké mau rung (VSM) ¢ nhiét dg phong. Pon pha tinh thé perovskite Lai«NdxFeOs hinh thanh
sau khi nung céc mau bét khd ¢ 800 °C trong 60 phut. Kich thurdc trung binh cua tinh thé LaFeOs va
thé tich 6 don vi giam theo ham hrong ion Nd** pha tap (Dseer = 30,71-27,07 nm; V = 242,62-241,41
A®). Hé hat nano perovskite La;«NdxFeQs hinh than/ duroc c6 dang gid cau véi kich thuéc ~ 30-50nm.
Mdu bgt nano LaFeOs va LagsNdo2FeOs mang tinh chdt cia vt liéu thugn tir mém véi céc gid tri He
va M, xdp xi bang 0, con dé tir héa Ms lai rat lon (~ 0,13-0,19 emu-g™).

Tir khoa: tinh chét tir; cAu trdc nano; pha tap neodymium; perovskite lanthanum

1.  Médau

Vit liéu nano vai cu trac perovskite dang LnFeOgs (trong dd, Ln 1a cac nguyén t6 dat
hiém nhu Dy, Gd, La, Ho, Nd...) da duogc tong hop va tng dung trong mét sé linh vuc nhu
xuc tac quang phan hay chit mau hitu co (Kondrashokova et al., 2018; Martinson et al.,
2020), 1am vat liéu luu trir nang lugng tai tao (Nguyen et al., 2023; Pena et al., 2001; Tan et
al., 2017), 1am cam bién hoa hoc phéat hién cac khi doc (Song et al., 2020), 1am vat liéu quang
tur va dién tr (Warshi et al., 2018; Tran et al., 2024; H. H. Nguyen et al., 2025).

Trong s6 vat liéu perovskite thi orthoferrite lanthanum (o-LaFeOs) 1a mét dai dién duoc
nhiéu nha nghién ciru quan tdm. Cac nghién ctu chi ra rang LaFeOs ¢d ciu tric orthorhombic,
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nhém khéng gian Pbnm, 6n dinh tir nhiét 46 phong dén xap xi 957 °C (Popkov et al., 2017;
Pidburtnyi et al., 2021; Pham et al., 2022). O diéu kién thuong, mdi 6 don vi chtra bdn don vi cAu
tric (Z = 4) vai céc thdng sé mang tinhthéa=5.55 A, b =5.56 A, ¢ = 7.86 A va thé tich 6 mang
V = 242,54 A3 (Pidburtnyi et al., 2021). Trong cau trdc orthorhombic LaFeOs, cac ion oxygen
chiém hai vi tri khong tuong dwong vé mat tinh thé hoc, ki hiéu 1a O1 va 02. Véi ban kinh ion
La® = 1,061 A, Fe* = 0,650 A va hé sé dung sai Goldschmitdt t = 0,8589 cho thay perovskite
LaFeOs ¢ cau trdc orthorhombic. Su 6n dinh cia cau trdc orthorhombic dugc duy tri nho hién
twong nghiéng ddi xang céc bat dién [FeOg]. Cac nghién ctru xac nhan rang, dic tinh héa I cua
vt liéu nano perovskite 0-LaFeOs chiu anh huéng cua mot s6 yéu té nhu hinh thai va kich
thudc hat, kich thudce tinh thé, do tinh thé hoa, loai nguyén t6 va nong do nguyén t pha tap
(Pham et al., 2022; Popkov et al., 2017; Abbas et al., 2018; Shi et al., 2022; Adline et al., 2024).
That vay, nghién ctiu caa Adline va cong su thé hién pha tap 30% ion Nd®* trong perovskite
LaFeOs lam ting hang sb dién mi tir 40,74 1én 440 do & 50 Hz, gidp vat liéu pha tap thich hop
cho céc ing dung trong thiét b vi séng va tan s vo tuyén (Adline et al., 2024). Vat liéu nano
LaFeOs pha tap Nd thé hién tinh chit ban dan va duoc tng dung trong cam bién nhay hoi con
dira trén su thay doi dién tro cua vat liéu. LaFeOs c6 tinh sat tir yéu do co ché phan sat tir
nghiéng. Tuy nhién, vat liéu gdm LaFeOs va LaFeO3 pha tap ion Nd®* lai mang ban chat cua
vat lidu tir ceng véi gid tri Herat 1on (He = 1409,1 va 1111,4 Oe twong tmg ddi voi cac mau
LaFeOs va Lao.gNdo 1FeOz3), trong khi d6 tir bdo hoa vira phai (RameshKumar et al., 2019).
Ca luc khang tir va do tir hda bdo hoa déu tang khi pha tap neodymium. Trong mét nghién
ctru khac, cac hat nano LaFeOs dugc chuén bi theo phuong phép dong két tua két hop nung
san pham & 800 °C trong 3 gid va nghién bang may dong co trong 4 gid c6 luc khang tir He
= 1217,6 Oe (Sasikala et al., 2017). Cac dic tinh nay cho thiy tiém ning cua LaFeOs va
Lao.sNdo.1FeOs trong cac tmg dung thiét bi ghi tir cho c&c 6 dia cing va cac bang tir (Nguyen
etal., 2012; Sasikala et al., 2017; RameshKumar et al., 2019).

Vit liéu nano trén co s& perovskite lanthanum va pha tap cac nguyén té dat hiém khéc
nhau da duoc téng hop bang céc ki thuat thuc nghiém khac nhau nhu phan ¢ng pha ran, sol-
sol, thuy nhiét hay dong két taa (Nguyen et al., 2012; Sasikala et al., 2017; RameshKumar
et al., 2019; Pham et al., 2022). R3 rang 1a mdi phuong phép tong hop déu cé nhirng diém
manh va han ché khéc nhau. Do d6, dya muc tiéu nghién ctru ciing nhu diéu kién thi nghiém,
mdi nhém nghién ciru déu déu co cach tiép can phi hop dé tong hop dbi tuong vat liéu quan
tam. Trong cac nghién ctu trudc, céc perovskite LnFeOs pha tap cac nguyén té khéc nhau da
duoc tong hop bang ki thuat dong két tua cac hydroxide két hop nhiét phan & nhiét do cao (Tran
et al., 2024; Nguyen et al., 2024; A. T. Nguyen et al., 2025). Sy khac biét cua ki thuat dong két
taa trong nghién ciu ndy so vai dong két taa truyén thdng 1a cac cation kim loai chuyén tiép
duoc thay phan cham trong nudc & nhiét do cao trude, sau d6 dé nguodi dén nhiét do phong roi
mai thém chét tao két taa thich hop. Diéu nay nham giam kich thudc hat vat liéu tong hop dén
thang nanomet. Theo hiéu biét caa ching t6i, tong hop va danh gia dic tinh hoa Ii caa hé hat
nano perovskite lanthanum pha tap neodymium (LaixNdxFeQs) bang ki thuat dong két tua cac
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hydroxides twong g chua dugc bao cao.

Do d6, nghién ctru nay trinh bay két qua danh gia cac dic tinh hoa If, bao gdbm céu tric
tinh thé, hinh théi, kich thudc, thanh phan héa hoc va dic tinh tir caa hé hat nano perovskite Las-
«NdxFeOs hinh thanh bang ki thuat dong két tua.

2. Thuc nghiém va ki thuat nghién cau

Céc héa chat ding dé diéu ché hé hat nano Lai«NdxFeOsbao gom La(NOs)s-6H-0,
Nd(NO3)3-6H20, Fe(NOs)s-9H20, NaOH, nudc cat hai lan. Cac hoa chat st dung déu c6 do
tinh khiét cao (> 99,9 %), c6 xuét x tir hang Sigma-Aldrich. Hé hat nano perovskite Las-
«NdxFeOs (x = 0; 0,1; 0,15 va 0,2 tinh theo cong thirc li thuyét du Kién) duoc tong hop theo
qui trinh don gian nhu sau (Tran et al., 2024; Nguyen et al., 2024; A. T. Nguyen et al., 2025).

Buée 1. Can cac mubi theo ti 16 mol twong &ng vai ting ti 18 x, réi hoa tan trong 50
mL nudc cat, khudy tir khoang 10 phat cho cac mudi tan hét.

Bude 2. Dung buret nhé timg giot dung dich chira hdn hop mudi vao cdc dung 500 mL
nude ndng (t° > 95 °C) va khudy tir lién tuc. Tiép theo, hé dugc gia nhiét va khudy thém trong 10
phit, sau d6 @ ngudi cbc phan tng vé nhiét d ~ 30 °C.

Budre 3. Nho ting giot dung dich NaOH 5% cho dén gié tri pH ~ 10 va khudy tir lién tuc
trong khoang 45 phut (Sasikala et al., 2017; Nguyen et al., 2024). Nhan biét bang gidy do pH.

Buée 4. Két tua duoc loc va rira sach bang nude cit cho dén pH trung tinh (rira khoang
5 1an). Két tua dé khd ¢ nhiét do phong khoang 3-5 ngay, rdi nghién thanh bot min bang coi
va chay st, san pham bot hinh thanh ¢6 mau niu dat (goi 1a chat cua hé hat nano Lai-
xNdxFeOz). Cac hat nano perovskite Lai-xNdxFeOs (x = 0; 0,1; 0,15 va 0,2) thu dugc sau khi
nung chat bot tién chat & 800 °C trong 60 phat. Viéc lwa chon nhiét dd nung 800 °C 4 dwa
vao cac cong bd (Sasikala et al., 2017; Nguyen et al., 2024), trong d6 céc perovskite thu duoc
la don pha, c6 do két tinh tét va dat kich thuéc nanomet.

Cau trdc tinh thé ciia hé hat nano Lai—xNdxFeOs dugc xac dinh bang ki thuat nhiéu xa
tia X bot (PXRD), su dung may phan tich EMPYREAN cua hang PANanalytical (Ha Lan).
Ché d6 do, bao gdm: cathode bang dong vai budc song A = 1,54060 A, 26 = 10-80 °, toc do
quét 0,02 °/s. Kich thudc tinh thé trung binh (Dscher., NM), cac thong sb 6 don vi (a, b, ¢, V)
duoc tinh theo cac cong thac (1), (2) va (3) dudi day (Sasikala et al., 2017).

D 0,894 1)
pcoséd
1 h* k* I?
RO @
V=a-b-c 3)

trong d6, A 1a do rong tng véi nira chiéu cao caa cuc dai nhidu xa, 6 1a goc nhidu xa, d 1a
khoang céch giita hai mat phang tinh thé, (hkl) 1a bo chi s6 Miller tng véi mat phing tinh
thé dang xét.

Thanh phan cac nguyén té La, Nd, Fe va O trong cac mau duogc do bang phuong phap
EDX, st dung kinh hién vi quét xa truong S-4800 két hop véi may phan tich thanh phan
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nguyén t6 EDX H-7593.

Hinh thai va kich thuéc caa hé hat nano Lai_xNdxFeOs dugc quan sat dudi kinh hién
vi SEM (S-4800) va TEM (Joel JEM-1400).

Céc dic tinh tir caa hé hat nano perovskite Lai—xNdxFeOs nhu Hc (Oe), Ms (emu-g™)
va Mr (emu-g*) duoc nghién ciru bang hé do tir k& mau rung (VSM), thuc hién ¢ nhiét do
phong (~ 30 °C) dudi tir trudng ngoai &p vao tir —15000 Oe dén + 15000 Oe.

3.  Kétquavathao luan

Hinh 1 1a gian d6 PXRD cua cac mau bot sau khi nung ¢ 800 °C trong 60 pht. Két
qua chi xuat hién céc peak c6 cudng do cao, tring vai vi tri cac peak cua chit chuan LaFeOs
trong Atlat gian d6 phd (PDF chuan sé 04-011-7994: LaFeOs - Iron Lanthanum Oxide, Hinh
2). Trén gian d6 Hinh 1, céc peak duoc thé hién twong (ng véi cac bo chi sé Miller (h, k, 1),
khong quan sat thy cac peak (g véi cac pha thir cip khac nhu Fe20s, La203, Nd203 hay
NdFeOs, chiing to sy pha tap ion Nd®* vao cau tric perovskite LaFeOs thanh cong. Két qua
tuong tu duoc trinh bay trong nghién ciu vé perovskite LaFeOs pha tap samarium va
neodymium cua Adline cung cong su (Adline et al., 2024) va ciia RameshKumar cung cong
su (RameshKumar et al., 2019).
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Hinh 1. Gidn do PXRD cua hé hat nano LaixNdyFeOs
Hinh thanh bang ki thudt dong két tia nung ¢ 800 °C trong 60 phut
Kich thuéc trung binh pha tinh thé va céc thdng sb cau tric mang tinh thé perovskite
LaixNdxFeOs (x = 0; 0,1; 0,15 va 0,2) dugc xac dinh tir cac cong thuc (1-3) trinh bay ¢
Bang 1. Kich thuéc trung binh (D) dao dong tir 27,07 dén 30,71 nm, trong khi thé tich 6
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mang tinh thé V = 241,41-242,62 A3. Biéu tha vi 1a ca hai gia tri D va V déu giam dan theo
chiéu tang ham luong ion Nd** pha tap. Diéu nay duoc giai thich 1a do béan kinh ion thay thé
Nd®* (r = 0,950 A) bé hon béan kinh ion bj thay thé La®* (r = 1,04 A) (Housecroft, et al.,
2005; RameshKumar et al., 2019).

. 04-011-7994; La Fe 03; Iron Lanthanum Oxide

Intensity (a.u)

20 (deg)
Hinh 2. Gidn do PXRD cua hat nano LaFeOs nung ¢ 800 °C @4 ghép véi phé chudn

Bdng 1. Kich thweéc trung binh pha tinh thé
va cac thdng sé6 mang tinh thé perovskite Lai—«NdxFeOs nung ¢ 800 °C trong 60 phut

Tham Sé LaFeO; LaosNdo.FeOs Lag.gsNdo.15FeO3 LagsNdo.FeOs
a, A 5,55146 5,54502 5,54086 5,53786
b, A 5,56369 5,57156 5,56642 5,56717
c, A 7,85618 7,84528 7,83704 7,83030
a=f=y 90 ° 9 ° 90° 90 °
vV, A3 242,62 241,93 241,72 241,41
D, nm 30,71 29,36 28,80 27,07

Phé EDX va ban db cac nguyén té lanthanum (La), neodymium (Nd), iron (Fe) va
oxygen (O) d6i voi mau LagsNdo 2FeOs duoc chi ra trén Hinh 3. R6 rang 1a chi ghi nhan dugc
céc peak (ng vai cac nguyén té co hop chit tdng hop ban dau 1a La, Nd, Fe va O vé&i % khdi
lwong va % nguyén tir Xap xi so véi cong thic tinh theo Ii thuyét. Ban do phan b cac nguyén
t6 La, Nd, Fe va O duoc cho 1a dong déu. Diéu ndy duogc cho la do khong chi ban kinh cap ion
La®" va Nd®* xap xi nhau ma nguyén tir khdi cua chiing ciing gan bang nhau (La = 138,91; Nd
= 144,24), nén sy thay thé vi tri giira ching trong cac ndt mang tinh thé perovskite LaFeOs
xay ra thuan lgi (Housecroft et al., 2005; RameshKumar et al., 2019; Nguyen et al., 2025).
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Hinh 3. Phé EDX va EDX-mapping
cua cac hat nano Lao sNdo.2FeO3 nung ¢ 800 °C trong 60 phat

Anh SEM va TEM cua hé hat nano Lai-xNdxFeOs (x = 0 va 0,2) cho thay céc hat Las-
«NdxFeOs tong hop ¢d dang gan nhu hinh cau hogc gia hinh cau véi bién canh yéu (xét cac
hat nano riéng I¢), kich thuéc cac hat nano riéng Ié quan sat duoc vao khoang 30-50 nm
(Hinh 4). Tur Hinh 4 ciing d& dang quan sat thdy cac hat nano La;—xNdxFeO3 (x = 0 va 0,2)
hinh thanh ¢é xu huéng két tu, hinh thanh cac dam hat nano xép chong 18n nhau va cé dinh
huéng ngdu nhién trong khong gian. Su két tu giita cac hat xay ra la do ning luong bé mat
I6n (hiéu tng nano), nén ching c6 xu huéng két tu dé chuyén vé trang thai bén hon vé mat
nhiét dong. Hién tuong két tu giita cac hat nano ciing quan sét thay déi véi mot sé hé hat
perovskite RFeOs thuan va RFeOs pha tap céc nguyén té khac nhau dugc tong hop bang ki
thuat hda udt nhu trong c&c nghién cuu (Kondrashkova et al., 2018; Martinson et al., 2020;
Nguyen et al., 2024; A. T. Nguyen et al., 2025; Pham et al., 2022).
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Hinh 4. Cac anh SEM va TEM
cua cac hat nano LaFeOs (a, ¢) va LaogNdo.2FeOs (b, d) nung ¢ 800 °C trong 60 phut

Dé nghién ctru anh huéng cua ion pha tap Nd®* dén céc dic tinh tir caa hé hat nano
LaFeOs, chon mau x = 0 va 0,2 dé danh gia trén hé do tir VSM, thuc hién & nhiét do phong
(Hinh 5). Tir Hinh 5 cho thiy duong cong tir hda cua ca hai mau LaFeOs thuan va LaFeOs
pha tap ion Nd®* (x = 0,2) tiép tuc di 1én, chua c6 dau hiéu bao hoa ¢ tir truong H = + 15000
Oe. Ca hai mau vat liéu déu co cac gia tri Hc va M 1a rat thip (~ 0), trong khi d¢ tir hda Ms
khé 16n (Bang 2). Chiing to cac mau vt liéu nano LaFeOs va LaosNdo.2FeOs tong hop dugc
c6 tinh tir mém tét. Tinh chat tir cua hé hat nano perovskite La;xNdxFeOs hinh thanh duoc
cho 1a khéc biét kha 16n so vai cac mau vat liéu nano LaFeOs va LaFeOs pha tap titanium
tdng hop bang céc ki thuat khac nhu dong két taa, sol-gel hay thay nhiét trong cac nghién
ctu (Sasikala et al, 2017; Sasikala et al., 2019; Coban et al., 2020) (Bang 2). That vay, trong
cac nghién ciu ndly cac mau vat liéu nano LaFeOs va LaFeOs pha tap Ti (x = 0,2) ¢0 luc khang
tir rat 1on (He >> 100 Oe), trong khi do tir héa lai rat thap (Sasikala et al, 2017; Sasikala et al.,
2019), chling mang ban chat caa vat liéu tir cing va rat kho khi tir. Biém giéng nhau trong
nghién ctru cua chiing toi va cia cac nhdm nghién cau khac 1a su pha tap ion Nd** trong mang
tinh thé perovskite LaFeOs lam giam lyc khang tir va ting do tir hoa (trong cac nghién ctiu cua
Sasikala ctng cong su 1a pha tap ion Ti*"). Biéu nay duoc giai thich la do ion bi thay thé La®*
1 ion nghich tir, trong khi ion thay thé Nd®* 12 ion thuan tir (moment tir > 0).
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Hinh 5. Puong cong VSM cua cac hgt nano LaFeOs va LaosNdo.2FeOs nung ¢ 800 °C

Bing 2. Céc thong sé tir ciia cac hé hat nano LaFeO3 va LaosNdo 2FeOs
do o nhiét do phong va so sanh véi TLTK

Vit ligu Phu;(rng phap H., Oe M, 3 Ms, emu-g~*
tong hop emu-g

LaFeOs Pong két tua 0,005 ~0 0,13
LaosNdo2FeOs DPong két tua 0,002 ~0 0,19

LaFeOs Péng két tia 1217,6 542,9-10°° 6,49-10°°
Lao,gTio,2F603 855,0 747,2'10_6 8,25'10_3

LaFeOs Sol - gel 79,13 0,06 0,57

LaFeOs Thiy nhict 1044,79 369,5-10°° 3,55-10°°
LaosTip2FeOs i 448,31 352,5-10°° 7,44-10°

Bang 2 ciing cho thay cac dic tinh tir cua vat liéu LaFeOs khong chi phu thudc vao
ham luong va ban chat cua ion pha tap, ma con phu thudc vao phuong phép téng hop ching.
Diéu nay c6 thé 1a do san pham hinh thanh & diéu kién khac nhau s& chiu anh huéng caa mot
s6 yéu t6 khéac nhau nhu do tinh thé hoa, cac khuyét tat bé mit, do két tu, kich thudc va hinh
thai hat, dién tich bé mat...

4.  Kétluan

Tom lai, hé hat nano perovskite LaixNdxFeO3z da duoc tong hop bang ki thuat ddng
két taa don gian. Dung dich chtra cac mudi nitrate caa lanthanum, neodymium va iron (111)
Véi ti 16 mol thich hop duogc thiy phan trong nude soi trude, sau d6 dé ngudi dén nhiét do
phong rdi thém vao dung dich NaOH 5 %. Két taa sau khi khd, nghién min rdi nung & 800
°C trong 60 phut, méi truong nung la khéng khi khé. Cac phuong phap XRD va EDX da
chtng minh sy tuong thich giita két qua thuc nghiém va tinh toan 1i thuyét trong viéc tong
hop hé hat nano Lai_xNdxFeOs (x = 0; 0,1; 0,15 va 0,2). Anh SEM/TEM cho thay hé hat La;-
xNdxFeOs c6 kich thudc nano (30-50 nm). Su pha tap Nd vao trong perovskite LaFeOs [am
giam céc thdng s6 ciu tric (D, V), nhung 1am ting gia tri do tir hda cuc dai tai tir treong H
= + 15000 Oe. Hé hat nano Lai_xNdxFeOs hinh thanh mang ban chat cua vat liéu thuan tir
mém, ¢ thé ung dung 1am vat liéu ché tao 16i nam cham dién, I8i dan tir va cam bién tu.
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ABSTRACT

In this study, a series of neodymium-doped lanthanum perovskite nanoparticles (Lai-
«NdxFeOs, with x = 0, 0.1, 0.15, and 0.2 based on theoretical stoichiometry) were synthesized using
a simple co-precipitation method. The structural and magnetic properties of the synthesized samples
were characterized by powder X-ray diffraction (PXRD), energy-dispersive X-ray spectroscopy
(EDX), scanning and transmission electron microscopy (SEM and TEM), and vibrating sample
magnetometry (VSM). Single-phase perovskite structures of La;xNdxFeO; were formed after
calcination of the dried precipitate at 800 °C for 60 minutes. The average crystallite size and unit
cell volume were found to decrease with increasing Nd** doping (Dscher = 30.71-27.07 nm; V =
242.62-241.41 A%). The synthesized nanoparticles exhibited spherical to near-spherical morphology
with particle sizes ranging from 30 to 50 nm. Both LaFeQ3 and Lag sNdo2FeO3; samples exhibited soft
ferromagnetic behavior, characterized by nearly-zero coercivity (Hc, Oe) and remanent
magnetization (M, emu-g™), while showing relatively high saturation magnetization (Ms = 0.13—
0.19 emu-g™).

Keywords: Magnetic properties; nanostructure; Nd-doping; perovskite lanthanum
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