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TINH CHAT TU NHIET CUA HE VAT LIEU PEROVSKITE
NEN MANGAN Lag7A03MnOs3 VOI A LA Ca, Sr va Ba

Pinh Chi Linh', Lé Viét Bau?, Tran Ping Thanh?
TOM TAT

Trong bdo cdo ndy, ching t6i trinh bay cdc két qua nghién civu vé hiéu vmg tir nhiét
cua hé vat liéu Lag7A03MnO3 (voi A = Ca, Sr va Ba). Su thay thé Srva Ba cho Ca gay anh
hieong dang ké lén cdc thong s6 mang tinh thé, dong thoi dong vai tro quan trong trong siw
tang nhiét do chuyén pha sdt tir - thudn tir (nhiét do Curie, T¢c) cua vat liéu. Khi A = Ca, vat
liéu biéu hién tinh chdt chuyén pha logi I véi dg bién thién entropy tir rdt Ion. Khi thay thé
Srva Ba cho Ca, vt liéu chuyén sang tinh chdt chuyén pha logi II va dg bién thién entropy
tir giam déang ké, nhung lam tang kha nang lam lanh cia vt lidu trong mét sé truong hop.
Két qua thyc nghiém cho thdy, cdc sé lidu vé dé bién thién entropy tw phu thuoc nhiét do do
tai cdc tir trwong khdc nhau ciia mau A = Ca khéng tudn theo phiwong phdp dwong cong phé
quat, diéu nay hoan toan nguwoc lai véi két qua thu dwoc khi thay thé Sr va Ba cho Ca.

T khoa: Hidu itng tir nhiét, vt liéu perovskite nén mangan, chuyén pha tir.

1. DAT VAN BE

Trong vai thap ki qua, hé vat liéu perovskite nén mangan (REMnOs véi RE 1a
nguyén t dit hiém, duoc goi tit 1a manganit) di thu hut dugc sy quan tim to 16n cia
cac nha khoa hoc bai tinh chat dién - tir ctia chiing vo cing tht vi. Miac di REMnOs 1a
chat dién méi - phan sat tir, nhung khi thay thé RE bang mot nguyén t6 kiém hoac kiém
thd (A) trong cong thirc RE; .. AxMnO3, ddn dén mot phan ion Mn** (geg', S=2) chuyén
thanh ion Mn*" (r2¢°, S = 3/2), thi cac hé vat liéu nay trd thanh kim loai-sét tir va xuat hién
chuyén pha st tir (Ferromagnetic, FM) - thuén tir (Paramagnetic, PM). V& co ban, tinh chat
dién-tir cua h¢ vat liéu La;xAxMnOs (A = Ca, Sr, va Ba) da duoc nhiéu nha khoa quan tam
tir nhitng nam 1950 [5,6]. Két qua cho thay, khi thay thé mot phan ion La* bang cac ion kim
loai héa tri II thi vat liéu xudt hién mot s6 hiéu tmg dién - tir tha vi [13], dién hinh nhu hiéu
tmg tir tro khong 10 (Colossal magnetoresistance, CMR) va hiéu ung tir nhiét
(Magnetocaloric, MC) [9,11]. Trong s d6, hop chit Lag7CaosMnOs duogc biét dén nhu 1a
mot vat liéu dién hinh cho cac hi¢u tng CMR va MC, d6 16n ctia cac hiéu ung nay lén hon
rat nhiéu so voi nhitng két qua thu dugc tir cac manganit khac. Vi du nhu: hiéu tng CMR
thu dugc trén mang mong Lay3CaisMnOs cé gid tri tir trd MR 16n hon 100000% tai nhiét
d6 T'=77 K trong tir truong H = 60 kOe [12] va hiéu tng MC thu duoc trén da tinh thé
Lao7Cao3MnOs c¢6 do bién thién entropy tir cuc dai |ASmax| = 5 J/kg'K trong bién thién tir

! Nghién cteu sinh Vién Khoa hoc vdt liéu, Vién Han lam Khoa‘ hoc va Cong nghé Viét Nam
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3 Nghién ciru vién Hoc vién Khoa hoc va Cong nghé, Vién Han lam Khoa hoc va Céng nghé Viét Nam
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trudng AH = 10 kOe [7]. Tuy nhién, chuyén pha FM-PM cuia vét liéu Lag7Cap3MnOs dang
khdi don tinh thé hay da tinh thé luon di kém véi sy thay ddi vé cau trac tinh thé, diéu nay
duoc biét dén 1a dac trung cua vat liéu chuyén pha loai I (First-order phase transition, FOPT)
[12]. Chung ta biét rang, d6 rong ving chuyén pha FM-PM ciia cac vat liéu FOPT thudng
rat hep. Hién tugng tré nhiét va tré tur trong cac vat li¢u nay ciing kha 1én. Nhitng nhugc
diém nay da 1am han ché kha ning tmg dung cua vat liéu FOPT. Trong khi d6, cac vat liéu
chuyén pha loai II (Second-order phase transition, SOPT) thudng c¢6 viing chuyén pha FM-
PM kha rong, hiu nhu khéng c6 hién twong tré tir va tré nhiét. Do vay, dé tan dung cac wu
diém ciia ca hai loai vat liéu ké trén, chiing ta cin phai mé rong ving chuyén pha FM-PM,
d6ng thoi phai lam giam hién truong tré nhiét va tré tir ciia vat lidu thong qua bién d6i ban chat
FOPT thanh SOPT. Mot s6 bién phép c6 thé dp dung cho trudng hop vat liéu Lag7Cag3MnO;
nhur: i) thay thé cac ion thich hop vao vi tri La/Ca va/hodc Mn, ii) giam kich thudc tinh thé ciia
vt liéu, iii) dung cac tac nhan bén ngoai nhu ap suét, tir trudng. Trong bai bao ndy, ching
t6i thay thé mot sé ion kim loai kiém thd (Sr** va Ba>") vao vi tri ciia Ca?* va nghién ciru
anh huong cta ching 1én cdu trac tinh thé, chuyén pha tir va hiéu Gmg tir nhiét ciia hé vat
liéu Lao 7Cao3MnOs. Két qué nghién ctru cho théy kha nang lam lanh cua vat liéu duoc cai
thién dang ké dong thoi viing chuyén pha FM-PM di mé rong va dich vé phia viing nhiét do
phong, gitip vt liéu tré nén hitu ich hon trong cong nghé 1am lanh bang tir truong.

2. NOI DUNG
2.1. Thuc nghiém

Sau miu gém da tinh thé c6 cong thirc hoa hoc dang Lag7A03MnO; (A = Ca, Sr va Ba)
duoc ché tao bang phuong phap phan tng pha ran. Nguyén lidu ban ddu gom céc oxit La,Os,
CaCOs3, BaCOs3, SrCO3 va Mn véi dg sach 99,9%, ching dugc can khéi luong theo cong thire
hop phﬁn danh dinh, sau d6 duoc tron déu va nung so bd trong khong khi tai 1200°C trong
thoi gian 24 gid. Hon hop bot sau khi nung dugc nghién tron lai, rdi ép thanh vién véi ap luc
3 tan/cm? va nung thidu két trong khong khi 24 gio tai 1400°C. Céc san pham cudi ciing dugc
kiém tra céu trtc tinh thé bﬁng nhiéu xa tia X (Bruker AXS, D8 Discover) véi nguén burc xa
Cu-K, (4 = 1,5406 A). Cac phép do tir d6 phu thudc nhiét d6 M(T) va tir truong M(H) duge
thuc hién trén hé tir ké mau rung (VSM) véi bude tang nhi¢t do 1a 2K. Pé thuan tién, chung
to1 st dung cac ki hi¢u viét tit cho cac mau vat liéu trong bai bao nay nhu sau:

Lao,7Cao,3MnO3 (Ca), La0,7SI‘0,3MnO3 (SI‘), Lao,7Bao,3MnO3 (Ba), Lao,7Cao,15Bao,15MnO3
(CaBa), Lao,7Cao,15Sr0,1sMnQOs (CaSr) va Lao7Bao,15Sr0,1sMnO3 (BaSr).

2.2. Két qua va thao luin

Gian d6 nhiu xa tia X do tai nhiét d6 phong ctia cac mau cho thay chiing déu don pha
tinh thé. Cac mau Ca, CaBa, va CaSr c6 hé cu trac tinh thé 1a orthorhombic, trong khi do
cac mau Ba, Sr va BaSr ¢ hé céu tric tinh thé 1a rhombohedral. Trén co s& sb liéu nhiéu xa
tia X, cac thong sb mang (a, b va c) va thé tich 6 mang () ctia pha tinh thé co trong cac mau
da duogc tinh toan va trinh bay trong bang 1.
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Bang 1. Cac thong s6 mang, ban kinh ion trung binh tai vi tri La/A (<rx>) va nhiét d
chuyén pha FM-PM (T¢) ciia hop chit Lag;A(3MnO;

Hop chat hilu Chutric  |a(A)|b@A) | c @A) [V (@AY <(f§)> (QC)
Lao,7Cao3MnOs Ca Orthorhombic | 5,451 | 5,468 | 7,709 | 229,8 | 1,354 | 260
Laop7Bag3:MnO; Ba Rhombohedral | 5,541 - 113,505(358,9| 1,435 | 333
Lao 7Sro3MnOs Sr Rhombohedral | 5,511 - 113,405(352,6| 1,384 | 360
Lag,7Cao,15Bag,1sMnO3 [CaBa |Orthorhombic | 5,428 | 5,503 | 7,751 | 231,5| 1,395 | 300
Lao,7Cao,15S10,1s5MnO3 [CaSr [Orthorhombic | 5,481 | 5,463 | 7,748 | 232,0| 1,369 | 322
Lao,7Bao,15S1r0,1sMnO3 [BaSr [Rhombohedral|5,535| - |13,463|356,4| 1,410 | 350

8 . .
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Hinh 1. (a) Cac dwong cong M(T) va (b) dM/dT phu thudc 7, do & ché dd ZFC trong
tir trwdong 100 Oe ciia hop chit Lag;A,;MnOs véi A = Ca, Sr va Ba

T bang 1 ta théy, so voi gia tri V cua Ca, khi thay thé Sr va Ba vao vi tri cia Ca da
lam tang dang ké thé tich 6 co so. Su thay d6i nay c6 thé duoc giai thich boi sy thay thé ion
Ca®' ¢6 ban kinh nho hon (rca+ = 1,34 A) bang cac ion Sr** hodc Ba?" v6i ban kinh ion 16n
hon (rsrn+ = 1,44 A va rea+ = 1,61 A). Do vay lam ting ban kinh trung binh (<ra>) ctia céc
ion tai vi tri La/A (thuong dugc goi 1a ban kinh ion trung binh tai vi tri A trong cAu trac
perovskite ABO3).

Puong cong tir d¢ phu thudc nhiét do trong tir truong 100 Oe cuia céc mau, do trong
ché @6 1am lanh khéng tir trudng (Zero field cooled, ZEC) duoc trinh bay trong hinh 1 (a).
Khi nhiét d6 ting, tit ca cac miu déu c6 mot chuyén pha FM-PM sic nét xay ra ¢ khoang
nhiét d¢ trén 250 K. Nhiét do xdy ra chuyén pha FM-PM phu thudc manh vao néng do cua
Ca, Sr va Ba trong hop chit. Nhiét do Curie (Tc) cua cac mau duogc xac dinh tai diém cuc
tiéu trén duong cong phu thudc nhié¢t do ctia vi phan bac nhét tir do theo nhiét do, dM/dT
phu thudc T, hinh 1(b). Gié tri Tc clia cac mau dugce trinh bay trong bang I cho thay, nhiét
d6 chuyén pha FM-PM ting véi sy gia ting cua Sr hodc Ba trong vat liéu. Két qua nay rat
phtl hop voi nhirng nghién ctru dd duoc cong bd trude day [10,15]. Nhin chung, sy gia ting
Tc cua cac manganit da dugc cac nha khoa hoc giai thich dua trén su gia ting cta ban kinh
10n trung binh <rx>. Véi céc ion c6 ban kinh khac nhau nam & vi tri A sé tao ra hién tuong
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khong vira khop ban kinh, ddn dén hinh thanh nhing bién dang mang dia phuong trong bat
dién MnOs, két qua lam thay ddi d6 dai lién két Mn-O va goc lién két Mn-O-Mn. Khi <ra>
tang, 6 dai lién két Mn-O giam, goc lién két Mn-O-Mn ting va tiém cin dan dén gia tri
180°. Két qua nay tao didu kién 1am ting kha ning trong phu giita cac dién tir 3d cua cac
ion Mn véi cac dién tir 2p cia cac ion oxy. Do vay cudng dd tuong tic trao doi kép
(Double-exchange, DE) mang tinh st tir tang 1€n, lam tdng 7c cua vat li¢u [3, 4, 17]. Su
bién dang mang tinh thé khong chi lam thay doi gia tri Tc ma con lam bién doi ban chat
chuyén pha tir va tinh chat tir cua vat liéu [17].

Dé biét thém thong tin lién quan dén tinh chit tir cia cac mau, chung toi da do
dudng cong tir hda ban du cua chung tai cac nhiét d6 khac nhau M (H, T) trong tir trudng
H = 0-10 kOe. Hinh 2 trinh bay b6 cac duong cong M (H, T) ciia hé mau duoc do tai cac
nhiét @6 khac nhau xung quanh viing chuyén pha FM-PM. Ta c6 thé thiy, trong trang thai
st tir, phan 16n tir do ting dot ngdt trong khoang tir trudng thap (H < 3 kOe), sau do tién
dan dén gia tri bdo hoa trong vung tir trudng trén 4 kOe. Tuy nhién, tir d6 cta cac mau khong
dat gia tri bio hoa hoan toan khi tir trudng da 1én dén 10 kOe. Piéu nay duoc cho 1 ¢6 lién
quan dén su cung ton tai cua twong tac DE mang tinh sit tir va tuong tac siéu trao d6i (Super-
exchange, SE) mang tinh phan sit tir trong vat liéu. Ngoai ra con c6 thé lién quan dén sy
khong ddng nhét vé tinh chat tir trong vat liéu. Cac két qua twong tu cling duoc quan sat thiy
& nhiéu hé manganit khac. Tai mdi gia tri tr trudng nhét dinh, tr d6 cua vt liéu giam dan
khi nhiét d¢ tang, cac dudng cong M(H) chuyén dan tir trang thai phi tuyén tinh sang tuyén
tinh khi vt liéu chuyén tir pha st tir sang pha thuan tir.
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Hinh 2. B cac dwong cong M(H, T) do tai cac nhi¢t dp khac nhau xung quanh 7¢
ciia hop chit Lao7A0:MnO; véi A = Ca, Sr va Ba
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Dua trén bo sb liu M(H, T), hiéu tng MC cta mdt vat liéu tir c6 thé duoc danh gia
thong qua viéc xac dinh va nghién ctru cac duong cong ASm(7). Hinh 3 trinh bay cac duong
cong -ASn(7) ctia hé mau xac dinh dugc trong cac khoang bién thién tir truong AH = 4-10 kOe
(voi bude nhay ciia AH 1a 1 kOe). Trong d6, gia tri ASm trong bién thién tir truong AH tir 0
dén H duoc tinh toan tir cac sb liéu M(H, T) thong qua biéu thirc:

AS (T,H)= j (%—A;j dH (1)

H

Tt hinh 3 cho théy, trén cac duong cong -ASw(7) xuét hién gia tri cuc dai tai lan can
nhiét do chuyén pha Tc. Gia tri |ASmax| ting khi AH ting. Mot hiéu g tir nhiét 1om co gia
tri |ASmax| dat 4,92 J'kg-K! duwoc quan st thay trong mau Ca. Tuy nhién hiéu tng nay chi
xay ra trong pham vi nhiét d9 kha hep (250-262 K). Nguoc lai, cic mau CaBa, CaSr, BaSr,
Ba va Sr c6 d9 bién thién entropy tir vira phai, nhung hiéu ing MC ciia chiing dién ra trong
pham vi nhiét d§ rong hon. Pé danh gia kha nang lam lanh cua vat liu, nhiéu tac gid da su
dung dai luong cong suit 1am lanh twong dbi (Relative cooling power, RCP). Gia trj RCP
duoc xac dinh bang tich giira gi4 tri bién thién entropy tir cuc dai (JASmax|) nhan voi do rong
tai nira chiéu cao cuc dai ciia dudng cong ASw(7T) (8Tewnm) [1].

RCP = |ASmax|X0T trwhM (2)

RCP la dai lugng déac trung cho kha ndng lam lanh cia vt li¢u. N6 cho biét lugng
nhiét c6 thé dugc chuyén giao giira hai bo phan néng va lanh ciia may lanh trong mot chu
trinh nhi¢t dong ly tudng.
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Hinh 3. Cac duwdng cong -ASn(7) phu thude 7 xic dinh dwge trong cc bién thién tir
treong khac nhau AH = 4-10 kOe ciia hop chit LaosA¢3MnO; véi A = Ca, Sr va Ba
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Hinh 4. Sy phu thudc ciia |[ASma| va RCP theo AH ciia hop chét
Lao,7Ao,3MnO3 voi A = Ca, Sr va Ba

Hinh 4 cho thay khi so sanh céc gia tri ctia |ASmax| v RCP giita cac mau. Mau Ca cho
|ASmax| 160 nhét, tuy nhién RCP cta n6 chi dat gia tri vira phai. Nguoc lai, cac mau Ba va
BaSr ¢6 |ASmax| thap hon cac mau khac, nhung RCP cua chung lai dat gia tri 16n nhét trong
phan 16n cac khoang bién thién tir trudong. Dé thuan tién cho viée so sanh hiéu tmg MC trong
cac vat liéu tur nhi¢t khac nhau, chiing ta c6 thé st dung céc ti $6 |ASmax|/AH va RCP/AH.
Trong trudng hop cia ching toi, ti s6 |ASmax|/AH cta hé vat liéu Lag7A03MnOs ¢b gia tri tir
0,10-0,491] -kg'l-K'l-kOe'l, gia tri nay co thé so sanh duoc voi mot sb két qué nghién ctru
true ddy. Bang 2 cho biét gia tri cac thong sb lién quan dén hiéu ing MC ciia hé vat lidu
Lao 7A03MnO; va so sanh véi mot sd manganit trong dong [2,8,14,15,16,17,19]. C6 thé nhan
thdy mau Ca clia ching toi ¢6 ti sO |ASmax|/AH cao nhat (0,49 J/kg-K-kOe), nhung ti sd
RCP/AH ctia mau nay ciing chi ciing bac khi so sanh véi cac manganit khac.

Bing 2. Gi4 tri Tc va cdc thong sb lién quan dén hi¢u ing MC (|ASmax, [ASma/AH,

RCP va RCP/AH) ciia hé vit liéu Lao7A¢3MnOs so sanh véi mdt sé6 manganit
khac da cong bd gin day

£ TC | AH ||ASmax|||ASmax|/AH | RCP | RCP/AH
Hop chat TLTK
(K) |(kOe)|(I/kgK)|(J/kg:K-kOe)|(J/kg)|(J/kOe-kg)
T
Lao,7Cao3MnQOs (PC) 260 | 10 4,92 0,49 42,75 428 ;(:llg
T
Lao,7Bao3MnOs (PC) 333 | 10 | 1,37 0,14 48,46 4.85 ;(;?g
T
Lag 7Sro3MnOs (PC) 360 | 10 | 1,91 0,19 (39,99 4,00 ;(;lilg
T
Lag,7Cao,15Bao,1sMnO3 (PC) | 300 | 10 | 1,67 0,17 36,62| 3,66 ;(:ilg
T
Lag7Cao,15510,5sMnOs (PC) | 322 | 10 | 2,19 0,22 44,00 4,40 ;(:ilg
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Lao.7Bao.15Sr0.1sMnOs (PC) | 350 | 10 | 0,99 0,10  [47,98] 4,80 Trb(;?g
I&j;;;(;a“mBaO’”SMn@ 256 | 30 | 439 0,15 | 140 | 467 | [14]
Lao7Cao2sBaoosMnO3 (NPs) | 258 | 30 | 4,38 0,15 140 | 4,67 [14]
235- 5,00- 218-
La0,7Ca0,3MnO3 (NPs) 70 | 45 .60 0,11-0,19 |° | 484-540 | [15]
Lag,7Cag2sMnOs (SC) 275 | 50 | 10.50 0.21 462 | 9,24 [16]
Lao7Cao2Sro,MnO;3 (SC) | 308 | 50 | 7,50 0,15 374 | 7,48 [16]
Lag7Cao,;Sto2MnO;3 (SC) | 340 | 50 | 7,00 0.14 369 | 7.38 [16]
Lao7Cao05Sr02sMnO;3 (SC) | 341 | 50 | 6,90 0,14 364 | 7,28 [16]
Lag7Cao2Sro,MnO3 (PC) | 284 | 30 | 4,30 0,14 150 | 5,00 [17]
Lao7Cao2Sro,MnO3 (NPs) | 297 | 10 | 1,47 0,15 544 544 [9]
Lao7Cao19Sr0.1MnO;3 (NPs) | 301 | 10 | 1,42 0,14 52,5| 5,25 [9]
Lao7Cao.18S10,12MnO3 (NPs) | 309 | 10 | 1,38 0,19 443 | 443 [9]
Lao7Cao2Sro,MnO3 (PC) {294 | 50 | 6,20 0,12  |234,5| 4,69 [18]
Lao7Cao2Sro,MnO3 (PC) | 280 | 50 | 4,62 0,09 [239.6] 4,79 [18]
Lao7Cao2Sro,MnO3 (PC) | 255 | 50 | 3,80 0,08 240 | 4,80 [18]
Lag7CaosMnOs (PC) 260 20 | 780 039 124 620 [10]
R 50 | 10,70 0,21 278 | 5,56
Lao 7Ca027Ba0,00sMn0O; (PC) | 260 20 | 649 0,52 109 ] 543 [10]
R 50 | 9,20 0,18 276 | 5,52
Lao 7Cao25Bao0sMnO; (PC) | 267 20 | 650 0,32 101} 505 [10]
50 | 9,10 0,18 267 | 5,34
Lao 7Cao.225Ba007sMnOs (PC)| 268 20 | 410 021 20 50 [10]
50 | 7,10 0,14 241 | 4,82
Lao.7Ca02Bao1MnOs (PC) | 300 20 | 310 0.16 105} 523 [10]
R 50 | 6,00 0,12 246 | 4,92

(Ghi chii: Céc ky hiéu viét tat: PC: da tinh thé, NPs: hat kich thwéc nm,
SC: don tinh thé, TLTK: tai liéu tham khdo)

Gan day, Franco va cong su (2010) dd dua ra nhimg dic diém phd bién cua vt lidu tir
nhiét chuyén pha loai II, tir nhirng két qua nghién ciru d6 ching ta c6 thé dy doan dwoc mot
vai thong s vat Iy vuot ra khoi diéu kién hién ¢ ciia phong thi nghiém. Véi vat liéu chuyén
pha loai II, su phu thudc ctuia do bién thién entropy tr cuc dai vao su bién thién tir truong ngoai
c6 thé duoc md ta bang quy luat ham sé mii, |ASmas| ~ AH". S6 mil tir truong 7 13 dai luong
phu thudc nhiét 6 va tir trudng, gia tri ciia n6 co thé xéc dinh dugc théng qua biéu thirc [18]:
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din|AS (T,H) | 3)
dinH

O day, gia tri ciia n trong viing FM ¢6 xu hudng tiém can dén 1 khi T<< Tc va tiém can
dén 2 trong vung PM khi 7 >> T¢. Tai T = Tc, n c6 gia tri cuc tiéu va khong phu thudc tur
trueong [18]. Hinh 5 trinh bay su bién ddi theo nhiét d6 ctia n trong cac bién thién tir trudng
khéc nhau AH = 4-10 kOe tinh duoc theo biéu thirc (3) cta vat liéu Lao 7A03MnOs3. Ttr hinh 5
ta théy, gia tri n phu thugc manh vao nhiét do va tur truong. Véi cac mau Ba, Sr, CaBa, CaSr,
BaSr (hinh 5b-f), quy luét bién ddi cta n(T) c6 dang gidng nhu Franco va cong su (2010) di
md ta. Nhin chung, gia trj n clia ching déu tiém can dén 1 trong ving FM (T << T¢) va tiém
can dén 2 trong vung PM (7' >> T¢), dat cuc tiéu tai T~ Tc (ky hiéu 1a n(7¢)). Khi bién thién
tir truong ngoai thay doi, gia tri n(7Tc) thay ddi khong dang, ching té chuyén pha tir clia nhiing
mau ndy tudn theo quy luat ciia SOPT. Tir hinh 5a ta thay, dang diéu va quy lut n(7) ciia mau
Ca c6 nhiéu diém khac biét so voi cac mau con lai. Trong ving FM (T << T¢), n(T) ¢ xu
hudng tiém can dén gia tri 16n hon 1. Trong ving PM (T >> T¢), gia tri n(T) c6 sy thay doi
16n, ching tang dot ngdt dén cuc dai (max > 2) trong khoang nhiét dg vai Kelvin sau d6 giam
dan vé 1an c4n 2. Trong ving lan can chuyén pha FM-PM, gia tri cuc tiéu n(7c) thay theo ca
nhiét do va tir truong. Didu nay chimg t6 chuyén pha tir ciia mau Ca khong thuéc SOPT.

n(T,H)=

2.2 v 2 i W
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Hinh 5. Cac dwdng cong n phu thude 7 xic dinh dwoc trong cac bién thién tir truong

khac nhau AH = 4-10 kOe cta hop chét Lao7A03MnO;3voi A = Ca, Sr va Ba

Theo phwong phap dudng cong phd quat (Universal master curves method) [18], tat
ca dit liéu ASw(7) trong céc bién thién tir trudng AH khac nhau cta vat liéu SOPT s& chong
phu 1én nhau tao thanh mot duong cong duy nhat (goi 1a dudng cong phd quat) théng qua
nhitng thao tac bién d6i nhu sau: cac sé liéu ASw(7) duoc chuin hoa theo gia tri 16n nhat
ctia chiing (ASm(T)/ASmax). Truc nhiét d6 T (K) duoc thay ddi ti 18 tré thanh truc 6 theo
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moéi lién hé: 6 = (T - Tc)/(T: - Tc), voi T;1a nhiét @ tham khao va c6 lién quan voi hé s ti
1€ £ = ASm(T)/ASmax, 0 < k < 1. Sy lya chon gié tri £ khong anh huong dén viéc xay dung
duong cong phd quat. Hinh 6 biéu dién ASu(7)/ASmax phu thudce 6 cho cac miu trong céac
bién thién tir trudng AH = 4-10 kOe, voi budc nhay cua AH 1a 1 kOe. O day gié tri Tr duoc
chon twong tng véi k = 0,6. Ta thdy, tat ca sb liéu thuc nghiém ASm(7) ciia miu Ca khong
tap trung vao mot dudng cong duy nhat, hinh 6(a). Trong khi do, tit ca sd liéu thyc nghiém
ASw(T) cia mau pha Sr va Ba déu chong phu 1én nhau tao thinh mot duong duy nhét trong
toan dai nhiét do, khao sat hinh 6b-f. Tir nhitng két qua danh gia n(7) két hop véi phuong
phap duong cong phd quat, chiing ta c6 thé khang dinh mau Ca la vat liéu FOPT, cic mau
con lai déu thudc vat liéu SOPT.
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Hinh 6. Cac duwdong ASm(7)/ASmax trong cic bién thién tir truedng khac nhau AH = 4-10 kOe
ciia hop chit Lao7A¢3:MnO; véi A = Ca, Sr va Ba

3. KET LUAN

Chung t61 da nghién ctru 4anh hudng cia su pha tap Sr va Ba dén cau trac, hiéu ung
MC cua h¢ vat liéu Lao,7A03MnOs (A = Ca, Sr va Ba). Khi A = Ca vat li¢u c¢6 hiéu iing MC
rat 16n (JASmax| = 5 J/kg'K trong bién thién tir truong AH = 10 kOe) nhung ving nhiét do xay
ra hiéu tng khé hep. Khi thay thé A bﬁng Sr va/hodc Ba, d6 16n bién thién entropy tur cuia
vat liéu giam di dang Kké, tuy nhién vung nhiét d§ xay ra hiéu ing dugc mé rong. Nho do,
kha nang lam lanh ctia mét s6 mau da duoc cai thién.

Trén co s& phuong phap dudng cong phd quat, sy phu thudc nhiét do cuia do bién thién
entropy tir ASm(7) trong cac tir trudng bién thién AH khac nhau di dugc xdy dung. Két qua
chi ra rang, cac s liéu ASw(7) trong mbi mau hoan toan tudn theo mot dudng cong duy nhat,
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ngoai trir miu A = Ca. Két qua nay chimg minh rang, truong hop A = Ca la vat liéu FOPT,

cac mau con lai déu 13 vat liéu SOPT va tuan theo mé hinh duong cong phd quat.
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MAGNETOCALORIC PROPERTIES OF PEROVSKITE
MANGANITES Lag.7A03MnO3; WITH A = Ca, Sr, AND Ba

Dinh Chi Linh, Le Viet Bau, Tran Dang Thanh
ABSTRACT

In this work, the magnetocaloric properties of Lag.7403MnQOs (with A = Ca, Sr, and
Ba) have been presented. Sr and/or Ba substitution for Ca strongly affects the lattice
parameters, and it also plays an important role in enhancing their ferromagnetic-
paramagnetic phase transition temperature (Tc). For A = Ca, sample exhibits the first-order
behavior coresponding to a high value of the maximum magnetic entropy change (|4Spax|).
Meanwhile, for A = Sr and/or Ba, samples undergo a second-order phase transition, and
their magnetic entropy change (AS,,) sigfinicantly reduces, however, the value of the relative
cooling power is improved for some cases of the Sr and/or Ba substitution. Additionally, all
ASy(T) data obtained under different applied field changes of sample Ca do not follow the
universal master curve. This behavior is in contrast with that obtained from other samples.

Keywords: Magnetocaloric effect, Perovskite manganites, magnetic phase transition.
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