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THAM SO TOI HAN TRONG CAC PEROVSKITE
Lao.7SrosMn1xMxOs (x=0, 0.05; M=Al, Ti)

Lé Viét Bau'", Trinh Thi Huyén!,Trinh Thi Chung'?, Tran Thi Duyén?3, Nguyén Vin Ding*
1Tru0ng Dai hoc Hong e, 2Trieong Trung hoc phé thong Hodang Héa 2,
3Truong Trung hoC phé théng Sam Son, *Truong Pai hoc Khoa hoc - PH Thdi Nguyén

TOM TAT

Céc hop chét Lao.7Sro.3Mn1.xMxOs (x =0, 0.05; M = Al, Ti) dugc ché tao bang phuong phap phan
Umg pha ran. Cac két qua do tir da duoc thyc hién va duoc lam khép bang cac k¥ thuét khac nhau
dé cho cac gia tri ciia cac tham sd can chuyén pha. Cac két qua cho thiy viéc thay thé Mn boi 5%
Al/Ti lam nhiét do chuyen pha tir gidm manh lan luot xuong 334 K; 310.6 K. Cac tham s6 can
chuyén pha ciing cho thiy mé hinh tuong tac tir bén trong vét liéu ciing c6 sy thay do6i khi co su
thay thé nay. Cu thé, bang cach sir dung phwong phap Arrott bd chinh (MAP), véi x = 0, gia trj toi
han dugc xac dinh gan v6i mo hinh 3D Ising. Tuy nhién vai 5%Al thay thé Mn céc gia tri nay dich
vé md hinh Mean-field. Trong khi véi 5%Ti thay thé Mn thi c4c gia tri nay pht hop hon véi mo
hinh tricritical mean - field. Didu nay chimg to sy tuong tic khoang dai chu yéu dwoc hinh thanh
trong mau Lao7Sro3sMno.gsAloesOs. Cac gia tri ctia cac tham sd t6i han thu dugc bang phuong phép
Kouvel-Fisher cho thay khong c6 su khac biét nhidu so v6i phuong phap MAP. Ngoai ra, chung
t6i ciing d chi ra rang cac s6 mii toi han thu dugc 1a phu hop tt véi 1i thuyét Scalling.

Tir khéa: tham s6 t6i han; hiéu ung tir nhiét; chuyén pha tir; perovskite; manganite.

Ngay nhdn bai: 25/7/2019; Ngay hoan thién: 04/5/2020; Ngay ddng: 11/5/2020

CRITICAL PARAMETERS IN PERROVSKITE
Lao.7Sro3sMni1xMxOs (x=0, 0.05; M=Al, Ti)

Le Viet Bau!, Trinh Thi Huyen?, Trinh Thi Chung®?, Tran Thi Duyen'?, Nguyen Van Dang*
'Hong Duc University, 2High School of Hoang Hoa 2,
3High School of Sam Son, “TNU - University of Science

ABSTRACT
The perrovskite Lag7SrosMn1xMxOs (x = 0; 0.05; M = Al, Ti) was fabricated by conventional solid
state physic. The critical parameters have been derived by several techniques ussing experimental
magnetic data. The results show that substitution Al and Ti for Mn in Lao7Sro3sMnOs reduces
temperature of ferro-parramangetic phase transition to 334 K; 310.6 K, respectively. The critical
parameters imply that magnetic interaction in materials also changes from 3D Ising to 3D
Heisenberg and tricritical mean field models with 5% Mn substituted by Al and Ti respectively.
Specifically, using the modified Arrott plots (MAP) method, with x = 0, the critical values are
defined as 8 = 0.3217; y= 1.126, these values are close to 3D Ising model. However, with 5% Al
replacing Mn we have obtained g = 0.4896; y = 1.0743, these values are close to the Mean-field
model. Whereas with 5% Ti replaced Mn, g = 0.3224; y=1.1291, these values is more suitable for
tricritical mean - field model. This proves that the long-distance interaction is mainly formed in the
sample Lag7SrosMnogsAloosOs. The values of the critical parameters obtained by the Kouvel-
Fisher method show that there is not much difference from the MAP method. In addition, we have
shown that the critical exponents are in good agreement with the Scalling theory.
Keywords: critical parameters; magnetocaloric; magnetic phase transitition; perovskite;
manganite.
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1. Mé dau

Céc vat li¢u tu tinh perovskite néi chung va
cac manganite noi riéng dugc quan tam
nghién ciru trong nhiéu thap ky qua boi kha
nang ung dung ctia né nhu hi¢u ung tur tro,
hiéu tng tr nhiét, hi€u tng nhiét dién,... [1]-
[6]. Cac hiéu Ung nay xdy ra manh nhat tai
lan can nhiét &6 chuyén pha.

Dé nghién ciru ban chat vi mo trong twong tac
tur trong vat li¢u dac biét 1a tai nhiét do xay ra
hiéu Gmg trén, mot s6 mé hinh 1y thuyét da
dugc dua ra nhu moé hinh Mean-field; m6
hinh 3D Heisenberg; mé hinh 3D Ising va
mo hinh Tricritical mean-field véi cac tham
sO t6i han khac nhau trong mdi mé hinh
tuong tac. Cac nha nghién ctiru thyc nghiém
sau khi tinh toan dugc cac tham s dua trén
két qua do duoc duong cong tir hda ban dau
va tinh toan dé c6 duogc cac tham sé mil toi
han. Tur d6 xac dinh duogc tuong tic vi md
trong vat li€u tai lan cén chuyén pha dya vao
cac m6 hinh 1y thuyét nhu trén.

Nhiéu nghién ciru vé& cac tham sd t6i han da
dugc quan tim dbi voi cac vat liéu manganite
[7]-[12]. Tuy nhién, cac két qua nghién ctru
dua ra con chua thong nhat do sy khac nhau
vé cac tham sd mil t6i han cta cac vat liéu
duoc ché tao, cho du chung cung loai vét li¢u
va cling cong nghé ché tao. Chinh vi vay, viéc
tiép tuc nghién ciru cac tham sé mil t6i han
nhim tim hiéu ban chét twong tac trong vat
lidu 1a viéc 1am c6 ¥ nghia nham nang cao cac
hiéu Gmg trong cic perovskite, c6 thé ung
dung trong cac vat liéu dién ti.
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Trong s6 cac vat lidu manganie dugc quan
tam, véat li€u Lag7SrosMnOsz dugc quan tim
kha nhiéu do tir tinh ctia n6 kha manh va nhiét
d6 chuyén pha cao hon nhiét do phong
(~370K). Trong nghién ctru nay, chung toi
xac dinh kiéu tuong tac trong hé vat ligu
Lao.7Sro3sMnOs khi vi tri Mn bi thay thé 5%
boi Al va Ti boi chling c6 hoa tri 3+ va 4+ v6i
hy vong thay thé vao vi tri Mn® va Mn*
trong cau tric. Va lai, day la ‘nguyén t6 phi tir
tinh nén hy vong c6 nhiing két qua tha vi.

2. Thwe nghiém

Hé mau nghién ctru dugc ché tao béng cac
phuong phap phan tmg pha ran. Cac hop chat
ban dau La;0s; SrCOs; MnOz; Al,0z va TiO;
dugc can theo hgp thire, dugc nghién tron va
nung so by trong khong khi tai nhiét do
1100°C trong 24 gio. Hop chat thu duoc tiép
tuc duoc nghién tron va nung thiéu két trong
khong khi tai nhiét do 1400°C trong 48 gid dé
thu dwgc cac mau nghién ciru. Cau tric cua
mau duoc kiém tra biang phuwong phap nhidu
xa tia X tai Phong thi nghiém Vat liéu dién t,
khoa K¥ thuat Cong nghé, truong Dai hoc
Hong Pirc. Két qua cho thiy hé mau don pha
cAu tric, c6 chat lugng tdt phuc vu cho cac
nghién curu trude day. Cac s6 liéu tr 46 duoc
tién hanh do trén hé do PPMS-6000 tai khoa
Vit 1y truong Pai hoc Qudc gia Chungbuk,
Han Qudc. Céc thiét bi do dac déu 1a nhiing
thiét bi thuong mai c6 d¢ tin cay cao.

3. Két qua va thao luin

Hinh 1 trinh bay su phu thuoc cua tir 46 vao
nhiét do cua mau Lag7SrosMnixAlOs theo
ché @6 l1am lanh c6 tir truong poH=10G.
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Hinh 1. Sy phu thudc ciia tir do vao n/iiét do trong tir trivong oH=10G (a) va dgo ham cua tir do theo
nhiét dé (b) ciia cac mau Lag 7SrosMn1xMyOs ( M=Al, Ti; x=0, 0.05).
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Nhu c6 thé thiy trén hinh 1 (a), cac miu déu
thé hién chuyén pha sét tir - thuan tir. Tir do
va nhiét do chuyén pha cta cic mau cé thay
thé cho Mn déu giam. Tuy nhién, vdi cing
mot néng do thay thé cho Mn, viéc thay thé
Ti d3 lam cho nhiét d6 chuyén pha manh hon
khi thay thé Al.

Mic du sy chuyén pha FM-PM thé hién sic
nét nhung rat kho dé co thé xac dinh nhiét do
chuyén pha ctia cac mau néu dya trén dd thi
biéu dién sy phu thudc nhiét do cua tir do cua
cic mau boi sy thay ddi tir do dién ra tir tir
cht khong c6 diém nhay vot. Trén quan diém
nhiét d6 chuyén pha tir 1a nhiét d6 ¢ d6 su
thay d6i tir 46 tir pha st tir sang thuan tir 1a
manh nhét, chung t6i xdy dung duong dM/dT
phu thuéc vao T dé xac dinh Tc chinh xac
hon. Theo d6, Tc cua cac mau chinh 1a cuc
tiéu cua cac duong phu thudc nhiét do T(K)
cuia dM/dT nhu chi ra trén hinh 1 (b).

Mau x =0 thé hién sy chuyén pha sit tir -
thuan tir sic nét tai nhiét do Tc ~ 364.8 K.
Nhiét d6 chuyén pha nay kha phu hop véi cac
két qua nghién ctru trude day [13], [14]. Khi
thay thé Mn boi 5% Al va Ti, nhiét do chuyén
pha thu dwoc lan luot 1a 334 K va 310.6 K.
Ngoai ra, tir d trong vung FM giam so véi
mau X = 0. Theo nghién ctru [15], trong mau
vat liéu dang nghién ctru twong tac tir s€ manh
nhét. Khi thay thé néu ty 1& ion Mn®/Mn** Ia
7/3. Viéc thay thé cac nguyén t6 khac cho Mn
da 1am thay doi ti 1& nay. Mat khac, do AI** va
Ti** 1a nhitng ion phi tir thay thé vao Mn®
nén lam giam twong tic FM giita Mn®" va

Mn*". Viéc nay da lam mang tir bi pha lodng, do
60,

d6 1am giam tinh sat tir trong mau. Cac két qua
tuong tu cling da dugc quan sat trén cac hé mau
manganite khi thay thé cac nguyén t6 khac cho
Mn. Tuy nhién sy suy gidm Tc manh hon cua
cac nguyén to héa tri 2 [9], [13], [15].

Vi nhiét do chuyén pha sat tir - thuén tir nhu
viy, cac dudng tir hoa ban dau ding nhiét s&
duoc do tai cac nhiét do lan can nhiét do
chuyén pha néi trén. Két qua do duoc trinh
bay trén hinh 2.

Tir hinh v& c6 thé thay khi nhiét do thap T<
Tc, tir d6 ting nhanh khi thay ddi tir trudng.
Tai lan can nhiét do Tc, su gia ting nay giam
di. Khi nhiét do cao, tir d6 van chua bio hoa
ngay ca trong tir trudng cao ma bién dbi
tuong d6i tuyén tinh theo tir truong. Didu nay
cling dwoc quan sat trén nhidu mau manganite
[13], [15]. Theo d6, dbi v6i mau sit tir thuan
tuy, khi H ting dén mot gid tri nao do, tir do
s& dat gia tri bdo hoa. Trong truong hop mau
ctia chiing t6i, phin phat trién tuyén tinh trong
ving tir truong cao c¢6 thé do hién tuong tach
pha gay nén. Theo d6 c6 bén trong vat li¢u
khong phai chi c6 st tir ma con c6 cac thanh
phan khac khong phai 14 sat tir chang han nhu
phan sat tir (AFM) hodc thuan tir (PM). Khi
tir truong ting thi moment tir cua pha sit tir s&
tang nhanh t6i dén gié tri bao hoa. Con dbi véi
pha AFM (hodc PM) thi moment tir lai ting gan
nhu tuyén tinh theo sy ting cta tir trudng bén
ngoai. Vi moment tir c6 tinh cdng dugc nén
moment tir ctia hé 1a su tong hop ciia hai pha ké
trén. Véan d& nay ciing da duoc nghién ctru trong
cac nghién ctru trude ddy va duoc cho ring do
hién turong tach pha [13], [15].
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Hinh 2. Sy phu thudc ciia tir do vao tir truong tai lan cdgn Tc ciia cdc mau
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Tur duong biéu dién M(H), cac mo hinh 3D Heisenberg (HS); M6 hinh 3D Ising- (IS); md hinh
Tricritical mean- field (TMF); mé hinh truong trung binh (Mean-field - MF) s€ dugc &p dung dé
xem xét mé hinh twong tac tir trong cac mau.
Trude hét, cac mo hinh dugc ap dung cho tat ca cac mau. Dé lam duoc didu do, trude hét cac
duong MYP vs (H/IM)Y” duge x4y dung. Hinh 3 13 vi du vé viéc xay dung cic dudng Arot va Arot

b6 chinh.
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Hinh 3. Céc duong Arrot va Arrot b6 chinh ciia mau Lao75703MNnQgz theo cdc mé hinh trweong trung binh
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(a); 3D Ising (b); 3D Heissenberg (c) va Tricritical Mean-Field (c).
Néu tuong tac tir bén trong mau tuan theo mot mo hinh 1y thuyét nao do, cac dudng Arrott 1an
can Tc phai 12 mot chudi cac dudng thing song song va dudng twong tng Tc phai di qua gbc toa
d6. Tuy nhién, nhu da thiy trong hinh 3, chi ¢ hinh 3.b va 3.c ¢6 vé nhu cac dudng Arrot song
song trong ving tir trudng cao. Dé co thé xac dinh chinh xac hon vé& muic do song song, hé sé goc
clia cac duong nay tai cac nhiét do do tuwong tmng dugc xac dinh va so sanh véi hé sd goc cia
dudng Arot tai nhiét d6 gan nhiét do chuyén pha nhat (RS). Néu mo hinh nao d6 1a dung cho mau
thi cac duong Arrott bd chinh phai 1a chudi cac dudng song song do d6 RS phai cé gia tri 1a 1.
Két qua duoc trinh bay cho tit ca cac mau nhu trén hinh 4.
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Hinh 4. Su phu thuéc nhiét dé cua hé s6 goc cﬁa~cdc duong Arot so sanh voi hé $6 goc twong ung tai nhiét
do gan chuyén pha cia cac mau x=0 (a); xn=0.05(b); va x1i=0.05 (c).
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Nhin vao két qua trén hinh 4 ta thiy khong c6
md hinh nao dugc ap dung ding cho cdc mau.
Tuy nhién, chiing ta c6 thé thdy moé hinh 3D
Ising, truong trung binh va md hinh tricritical
mean-field 14 gan ding nhét 1an luot cho cac
mau Xx=0 Xa=0.05; va x7;=0.05.

Dé co thé xac dinh chinh xac hon gia tri cua
cac tham s can chuyén pha, trén co c& mo
hinh gan ding nhat, gi4 tri tir d6 tu phat va do
cam tr ban dau duoc xac dinh béng viéc
ngoai suy cac dudng nay trong vung tu
trudng cao v& hai truc toa do.

Dbi voi qua trinh chuyén pha tir bac hai, trong
vung lan can cta Tc, d6 tir hoa tu phat Ms va
do tu cam y co thé duoc xac dinh tir cac
phuong trinh:

M (T)=M,lsl” , e<0, T <T, (1)
M) =(h,/My)e”, e>0, T>T. (2
M=DHY 6 £=0,T=T, ©)

Trong d6 ¢ = (T—Tc) / Te.

Cac s6 mil t&i han va nhiét do chuyén 7pha co
thé dugc suy ra tir cac duong Arrott bo chinh
bdi phuong trinh Arrott-Noakes:

1 1
(i)y =as+bM”’
M

Véi a va b 1a hang sb.

(4)

DPé co duoc cac thong sd chinh xac hon,
chung t6i st dung phuong phap Arrott bd
chinh (MAP), cu thé 13, ap dung phuong trinh
(1-3). Phép ngoai suy tuyén tinh cic duong
cong trong vung tur trudng cao trong hinh 4
cho cac mau dugc thuc hién dé xac dinh gia
tri ctia tir hoa ty phat Ms va nghich dao cua do

50

2 <\ A -1 - r x A A
cam tor ban dau y,” cua cac mau nay. Két

qué dugc trinh bay trén hinh 5.
Nhiét do cling nhu cac gia tri cua céc s6 mil
téi han dugc suy ra tor viéc lam khop cac
dudong cong Ms (T) va y;*(T) theo cong
thirc (1) va (2) cling dugc trinh bay trén hinh
5. Véi x = 0, gia tri td1 han dugc xac dinh 1a
= 0.3217; y = 1,126; Tc = 362.645 K, céc gia
tri nay gan voi mo hinh 3D Ising (8 = 0.325;
= 1.24). V6i xa = 0.05; p = 0.4896; y =
1.0743; Tc = 335.375 K. Cac gia tri ndy gan
v&i m6 hinh Mean-field (MF) (8 = 0.5; y =
1.0). V6i xri = 0.05; p = 0.3224; y=1.1291,;
Tc = 303.035 K, gia tri nay phu hgp hon véi
mo hinh tricritical mean - field.
Ngoai ra, cac tham sb t6i han 8,  va Tc ciing
¢6 thé tuan theo cong thirc [8]:

Mg  T.-T

dM -

dT

()

- (6)
dlol Ve
dT

Hai phuong trinh nay cho phép ta xac dinh
cac tham sd mii t6i han xac hon va dugc goi
la phuong phap Kouvel-Fisher. Hinh 6 trinh
bay do tir hoa ty phat Ms (trai) va nghich dao
ciia d6 cam tir ban dau (phai) cuia cac miu
theo phuong phap Kouvel-Fisher. Cac gia tr1
ctia cac s6 mii quan trong va Tc clia cic mau
cling dugc hién thi trong hinh 6. Cac gia tri
clia cac tham sd t&i han thu duoc béng dir liéu
thr nghiém phu hop voi MAP va phuong
phéap Kouvel-Fisher twong tu nhau.
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Hlnh S. S phy thudc nhiét do cua do tir hba ti phat Ms (trdi) va nghich dao do cam tir y Y (phdi) cho céc

maux =0 (a); xal =

0.05 (b); va xti = 0.05 (c). Cdc tham so trdt ty dwoc xdc dinh theo phwong phdp MAP

duoc biéu thi trong hinh.

http://jst.tnu.edu.vn; Email: jst@tnu.edu.vn

105


http://jst.tnu.edu.vn/

Lé Viét Bau va Dtg

Tap chi KHOA HQC & CONG NGHE PHTN

225(06): 101 - 108

o
=
)

a) <}
10 - La S, MnO, d {10,
- / L
PP 4 o
g ¢ €3
e 5o | /03165 / =
& T =36164K P =
s ¢ o 16
SRl i S—; =
E / > 4 2
S~ 50 I 3
d L1121 |y
-60 / . b
o T =362.94 K
70 1 | | | 1o
330 340 350 360 370 380

T(K)

Oi-b)
-10

N
=]

s

A
S

s

M _(T)*[dM_(TydTT"

a
[~ =]
T

$=0.44865 4
T =333.29K of

|

T I T T
Lao 7§r0 3 M i 95A|0 0503 30

—253-
o/ 7203*
=
7153

410y
=

7=1.004
T =335.45K -

-6 I I I I I
300 310 320 330 340 350 360 370

5
Llo
T(K)

T T T 16

T I [
0r) Lamsro;)MnogsTlousoz 14
10 / L
5 p=03027 £ 24
- = *
E201 T=0L6K 102
8 L
Faole . 3
3 / =
£-40 g 3
= o 4 3
250l 2
-60 | | 0
280 285 290 295 300 305 310 315 320
T(K)

Hinh 6. Cdc duong Kouvel-Fisher cho s tir héa ti phat Ms(trdi) va nghich dao dé cam tir ban dau }(61

(phdi) ciia cac hop chatx = 0 (a); xa1 =

0.05 (b), va xti =

0.05 (c).

Theo phuong phap Kouvel-Fisher, vdi x = 0, gia tri tdi han dugc xac dinh la: = 0.3165 , y =

1.1121; Tc = 362.29 K. V61 Xal =

0.05: 5 = 044865]/ 1.094; Tc = 333.89. Voi x7i = 0.05: =

0.3027; y=1.203; Tc = 302.395K. So sanh véi cac két qua thu duge tir phwong phap MAP (hinh
5) chung ta thiy khong c6 su khac biét nhiéu.

Pé xac dinh gid tri clia do tir hoa tu phat tai Tc va & tur két qua thuc nghiém va theo cong thire
(3), duong biéu dién tir 46 dang nhiét tai nhiét ¢ gan vai nhiét do chuyén pha nhit cta cac mau
duoc xay dung Céc nhiét 46 duoc chon ¢ day 1a T = 362.334 va 302K lan luot cho cac mau x = 0

va Xa = 0.05 va xti =

va
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Hinh 7. Buong ding nhiét M va H va InM theo InH (hinh bé) tai T=362, 334 va 302K lan lwot ciia cdc
madu x=0 (a); %a=0.05 (b) va xri=0.05 (c).
Nhu c6 thé thay trén hinh 7, ket qua lam khép cho cac gia tri ctia tham s6 mil 5= 4.7556; 3.0138
va 4.883 lan luot cho cac mau x=0; xa=0.05 va xi=0.05. Theo céac mo hinh ly thuyet truorng
trung binh, 3D Ising va tricritical mean field 1an lugt 1a 3; 4.82 va 5. Két hop véi két qua dugc
lam khép theo phuong phéap Kouvel-Fisher nhu chi ra trén hinh 6, chiung ta nhan thdy rang, mau
x=0; xai=0.05 va x1i=0.05 1an luot gin ding véi ciac md hinh 3D Ising, truong trung binh va

tricritical mean field.

Dé kiém tra tinh chinh xéc cua céac thong s toi han, chung t6i 4p dung li thuyét Scalling. Cac tir
d6 lién quan dén tir truong img dung theo phuong trinh [7].
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Str dung gia tri cia céac s6 mil téi han theo
phuong phap Kouvel-Fisher, cac dudng cong
ciia cac miu da duge thuc hién va duge hién
thi trong hinh 8 1an luot cho cac miu x=0 (a);
xai=0.05 (b) va x1i=0.05 (c). Rd rang rang céc
duong tir hoa dang nhiét trong ving lan can
cua Tc roi vao hai nhanh, mot nhanh T< T¢ va
mot nhanh T >Tc. Piéu nay ching to rang cac
sO mil t6i han thu dwoc 1a phu hop tot véi li
thuyét Scalling.

Tir cac két qua trén, co thé thiy khi thay thé
Al va Ti cho Mn 1am cho nhiét d6 chuyén pha
st tir - thuan tir suy giam manh nhung thay
thé Ti lam giam manh hon so v&i Al Su suy
giam nay duogc giai thich 1a do cac nguyén td
nay thay vao vi tri Mn lam giam truc tiép
tuong tac sit tir Mn3*-O-Mn** trong khi Ti**
thay thé cho Mn** con lam léch manh ti phan
Mn3/Mn** khoéi ti 18 t6i wu 7/3. Su phu thude
hoa tri cta cac ion thay thé cho Mn ciing da
dugc tong két trong [15]. Cac gia tri cia cac
s6 mil téi han cua cac mau thu duge tir cac
dudng cong tir hoa ding nhiét cia mau x = 0
va x1i=0.05 gan voéi cac dir liéu d6 trong mo
hinh 3D Ising. Nhu viy, su thay thé 5% Ti
cho Mn hau nhu khong 1am thay d6i mo hinh
3D Ising voi twong tac khoang ngan. Két qua
ndy gan voi cac béo co xem trudc trong cac
hop chat twong tu [12], [16]. Pbi voi 5% Al
dugc thay thé cho Mn, cac s mii téi han gan
v6i mb hinh Mean-field. Piéu nay chimg to
su tuong tac khoang dai chu yéu dwoc hinh
thanh trong mau Lao 7Sro3Mng.esAlo.0s0s..

4. Két luan

Tir cac két qua do tir, cac sb lieu duge lam
khoép bang cac ki thuat Modified Arrot Plot
(MAP) va phuong phap Kouvel-Fisher da cho
ciac tham s6 mi t6i han cua cac méu
Lao7SrosMnO;z va 5% Al va Ti lan luot thay
thé cho Mn trong hop chit nay. Theo d6, cac
gia trj clia cac tham sb bang 2 k¥ thuét nay
kha phtt hop. Tir cac gid tri clia cac tham s6
can chuyén pha, cac mé hinh 1y thuyét phu
hop nhét cho twong tac tir vi md bén trong vt
liéu da duoc du doan. Theo d6, moé hinh 3D

Ising phut hop v6i mau Lag7SrosMnOs. Su thay
thé 5% Ti cho Mn hau nhu khong lam thay ddi
mo hinh tuong tac tir vi mo. Trong khi d6 voi
5% Al thay thé cho Mn, tuong tac tir pht hop
hon véi moé hinh truong trung binh.

L1 cam on

Nghién ctru nay duoc tai trg boi Quy Phat
trién khoa hoc va cong nghé Qudc gia
(NAFOSTED) trong dé tai ma sb 103.02-
2017.57.
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