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ANH HUONG CUA VIEC THAY THE MG CHO SR
LEN TiNH CHAT TU CUA Lay.sSro3xMg:MnO3

Nguyén Tuin Phuong', Lé Viét Bau?
TOM TAT\

Hé mau perovskite Lao7Sro;:MgMnOjs dwoc ché tao bang phirong phdp phan irng
pha rin théng thirong. Tinh chdt cdu tric dwoe xdc dinh bang phép do nhiéu xa tia X. Tinh
chat tir dwoc nghién citu thong qua phép do tir nhiét va tir héa. Cdc két qua cho thdy sw thay
thé Mg cho Sr lam gidm hang s6 mang nhwng chira quan sat thay cé sw chuyén pha cdu tric.
Sw thay thé nay ciing lam gidm nhiét dp chuyén pha vé phia nhiét dé phong it nhdt cho dén
33% Mg thay thé. Phép tinh tir nhiét cho thdy mdc dit d 1om ciia hiéu vmg gidm nhe nhung
nhiét d¢ chuyén pha gan véi nhiét dg phong va dé réng viing xdy ra hiéu vmg dwoc mé réng.
Piéu nay hira hen tiém nang g dung trong cong nghé lam lanh bang tir truong.

Tir khoa: Hé mdu perovskite Lao 7Sr0.3.Mg:MnOs, tinh chit tir.

1. DAT VAN BE

Trong hon 30 ndm vira qua, rat nhidu cong trinh nghién ctru vé hiéu tmg tir nhiét ciia
cac hé vat liéu tir, boi tiém ning Gmg dung cia ching trong cong nghé lam lanh bang tir
truong. Tuy vay, cac vat li€u tir nhi¢t mdi thuc sy duge quan tdm nghién ciru manh mé gén
day boi tiém nang Gmg dung cia chung trong cong nghé 1am lanh bang tir trudng & ving
nhi¢t d§ phong. Cho tdi nay, da c6 kha nhiéu vat liéu da dugc phat hién cho hiéu tng tr
nhiét 16n trong ving 300K. Trong cac vat liéu gdm, ho vat liéu tir perovskite manganie ciing
da duogc quan tdm nghién ctru boi cé nhiing ho vat li€u cho nhiét do chuyén pha cao, trén
nhiét d6 phong ciing nhu c6 méd men tir dang ké [1, 2]. Vat liéu nay ciing hira hen cho hiéu
g tir nhiét, tuy nhién vat liéu nay c6 nhiét do chuyén pha (~370K) cao hon nhiét 6 phong
nén s€ cd nhirng van dé nhat dinh khi dua vao tmg dung thyc tién. Mot s6 nghién curu cho
thay khi thay thé Mn boi mot sd ion khac, nhiét do chuyén pha c6 giam vé phia nhiét do
phong nhung gi tri tir nhiét giam dang ké [3]. Trong cac nghién ctru trudc day ciing cho
thdy nhiét d6 chuyén pha ciia hé vat liéu manganite con phu thudc vao ban kinh ion trung
binh vi tri A [2]. Theo do, khi ban kinh ion trung binh vi tri A 1&ch khoi ~1.245 x . Chinh vi
vay viéc thay thé ion khac vao vi tri Sr trong vat liéu manganite Lao 7Sro3MnOj3 ¢6 hy vong
giam nhiét d6 chuyén pha cia vat liéu nay vé nhiét do phong. Trong nghién ctru nay, ching
t6i trinh bay cac két qua nghién ctru vé hiéu tng tir nhiét va cac tham s can chuyén pha khi
thay thé Mg mot phan cho Sr trong hé vat liéu Lao7Sro3MnOs.

! Gido vién Truong Trung hoc phé théng Dwong Binh Nghé, huyén Thiéu Héa, Thanh Hoa
2 Gidng vién khoa Ky thudt Céng nghé, Truong Dai hoc Héong Dirc
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2. NOI DUNG NGHIEN cUU
2.1. Thuc nghié¢m

Hé mau Lag7Sr03-MgxMnO; (x = 0 - 0.20) duoc ché tao bang phuong phap phan
ng pha ran tai phong thi nghiém khoa K§ thuat Cong nghé, Trudong Dai hoc Hong Pirc,
Thanh Hoéa. Céc hoa chét ban dau: La,0s, SrCO3, MnO va MgO. Cac hoa chat v6i do tinh
khiét 4N duoc nghién tron nhiéu gio trong c6i ma ndo, duoc nung so bo & nhiét o6 1100°C
trong 48 gid va thiéu két ¢ 1380°C trong 36 gid. Cac két qua duoc kiém tra bang nhidu xa
tia X cho thiy cac mau don pha ciu trac, dam bao cac yéu cau chit lugng cho cac nghién
cou tiép theo. Cac phép do tir dugc thuc hién trén h¢ do PPMS-6000.

2.2. Két qua va thio luin

Hinh 1 trinh bay cac két qua nhiéu xa tia X cho cac miu duoc do trong tir trudng 100 Oe.
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Hinh 1. Phé nhiéu xa tia X ctia cadc miu Lag7Sry3xMg,MnO;

Tir két qua nhiu xa tia X cho thdy tit ca cac miu déu thé hién cac dinh dic trung
cua hé perovskite voi ciu trac rhobohedral thuéc nhoém khong gian R3c. Méc du c6 mot
vai cong b cho thfiy cAu tric cua La;SrxMnOj 1a hexagonal [4] nhung nhiéu cong b cho
thdy cdu triic cta hé nay chuyén tir orthohombic khi x<0.2 dén rhombohedral thuéc nhém
R3c khi x = 0.3 [5,6]. Trong khi d0, ¢6 cong trinh lai cho rang cdu tric cua Lao7SrosMnOs
l1a orthohombic v&i nhém khong gian Pbnm tham chi ca khi thay thé 30% Cu cho Mn [7].
Su khéac nhau vé cac két qua cong bd theo chung t6i c6 thé 1a do su khac nhau vé cong
nghé ché tao nhu da duogc quan sat trong mot s6 cong trinh nghién ctru tuong tu [1,8].

Nhu c6 thé nhin thiy trén hinh 1, cac dinh nhifu xa hau nhu dich vé phia goc 20 bé
hon khi thay thé Mg cho Sr (hinh phu nho bén trén, goc phai) nhung chua thiy co su thay
d6i 16n vé cac dinh nhidu xa. Diéu nay c6 thé du doan 1a v6i ndong do 20% Mg thay thé cho
Sr ciing chua lam thay d6i ciu triic tinh thé cua hé, khong co ddu hiéu nao ching to co
chuyén pha ciu tric. Két qua nay ciing da duoc quan sat trén mot sb hé twong tu ngay ca khi
thay thé vao vi tri B [9, 10, 11]. Mic du vay, tai goc 26~66.50, mau x=0 ton tai 1 dinh. Khi
c6 mit ciia Mg trong cdu trac, dinh nay tr thanh dinh kép, nghia 13 ¢6 hai dinh rat sat nhau.
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Su tach nhau nhu thé cho théy su c6 mat cua Mg cling da lam cho 6 mang bi x6 dich va co thé
gy ra méo mang. Sy thay ddi vé cac théng sd ciu tric c6 thé nhan thiy qua ddu hiéu dich cac
dinh nhiéu xa khi thay thé Mg cho Sr trong cau trac. Diéu nay cho thay da cé su thay ddi cac
hing s6 mang dan dén sy thay doi thé tich ciia 6 mang khi thay thé mot phan Sr boi Mg.
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Hinh 2. Sy phu thugc nhiét do ciia tir 4o dwgc do & ché d9p ZFC (rdng) va FC (dic)
trong tir trwong pyH=100 G ciia hop chit Lay7Sro3,MgMnO3

Hinh 2 trinh bay cac két qua do tir 46 phu thudc nhiét d6 ctia cac mau Lao7Sro31MgiMnOs
trong tir trudng 10H=100 G theo cac ché d6 1am lanh c6 tir trudng (FC) va 1am lanh khong
co tu truong (ZFQC).

C6 thé nhan thdy mot diéu 1 cac mAu déu thé hién chuyén pha kha sic nét, dat biét 1a
v6oi mau x=0. Nhiét do chuyén pha sit tir - thuan tir dugc xac dinh tir cuc tiéu cia cac duong
phu thudc nhiét d6 cua dM/dT va dugc chi ra 1a ~364, 315, 265, va 216K lan luot cho céc
méau x=0, 0.05, 0.10, 0.15 va 0.20.

Mau x=0 thé hién chuyén pha sat tir thuan tir tai Tc~364K, kha phu hop voi nhiing két
qua nghién ctru trude day [1,3-5]. Khi thay thé Sr mot phan bai cac Mg, nhiét d6 chuyén
pha giam dong thoi khoang nhiét d6 xay ra chuyén pha tang 1én. Su suy giam nhiét do ciing
nhu sy moé rong viing chuyén pha khi thay thé mot phan cac nguyén td cho vi tri Sr hay cac
kim loai kiém thé cho Mn trong hop chat Lag 7SrosMnO; déu duge quan sat trong cac nghién
ctru trude day [1, 3, 8].

Su suy giam nhiét do chuyén pha duogc cho 1a do tuong tac trao ddi kép (double
exchange - DE) gifta cac ion Mn** va Mn*" thong qua O* bi suy gidm. Trong trudng hop
nay, Mg va Sr déu co cung hoéa tri trong ciu triic nén khi Mg?* duoc thay thé mot phan cho
Sr?" thi ti phan Mn*/Mn?* van duy tri gi4 tri t6i vu. Ban kinh cia Mg?* (0.86 A) bé hon
nhiéu ban kinh cta Sr** (132 A)daco thé lam tang sy méo mang (distortion), lam cho gbc
lién két Mn-O-Mn léch nhiéu khoi 180°. Trong khi d6, su nhay cila cac electron eg giita cac
ion Mn*" va Mn®* thong qua O* phu thudc vao goc lién két Mn-O-Mn. Sy léch khoi 180°
cta lién két Mn-O-Mn khi thay thé mot phan Mg cho Sr do d6 da lam giam xéac sudt xdy ra
tuong tac trao doi kép, 1am giam tinh sit tir cua vat liéu.

Nhu ching ta théy su thay ddi cua tir d theo nhiét do x4y ra manh nhét & mau x=0 va
suy giam khi ting nong d6 Mg thay thé cho Sr. Nhu vay ngoai viéc suy giam nhiét d6 chuyén
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pha, gia tri tir @6, tinh chat chuyén pha ciing dién ra it quyét liét hon, ddng nghia véi viée
viing nhiét d6 chuyén pha duoc mé rong. Dién bién ciia sy suy giam kha phu hop véi dién
bién giam cua thira s6 dung han va d¢ 1éch khoi gia tri trung binh binh phuong ctia ban kinh
ion trung binh vi tri A. Sy m¢ rdng nay cling phu hop vdi cac phan tich ¢ trén. Theo do, co
su ton tai cia cac ving phi sét tir do goc lién két Mn-O-Mn giam, 1am giam (vé thé tich) cac
vung pha sét tir [1]. Tuy nhién van ton tai lién két Mn-O-Mn nén khi nhiét d6 giam, cac lién
két nay c6 thé xay ra twong tac DE do sy suy giam niang luong kich thich nhiét. Hon nita, c6
thé do cac dam st tir von ton tai trong vat liéu khi gidam nhiét d¢ da tao ra truong ndi tai,
kich thich dan su dinh hudng cia cac dién tir ey dé co thé tham gia vao tuong tac DE. Két
qué 1a qua trinh chuyén pha xay ra trong khoang nhiét d6 cang rong khi cang c6 it dam sat
tir bén trong vat liéu, nghia 14 khi ting ndng d6 Mg thay thé cho Sr. Sy mé rong ving nhiét do
xay ra chuyén pha ciing c6 y nghia rat quan trong trong tmg dung. Céac hiéu tmg nhu hiéu timg
tir tro khong 10, hiéu tng tir nhiét chi xay ra manh nhat tai ving nhiét ¢ chuyén pha trong khi
d6 dé ung dung vao thyc tién thi doi hoi cac hiéu tmg phai hién hitu trong ving nhiét do cang
16n cang tét. Néu khong thi chi ¢6 ¥ nghia trong phong thi nghiém boi khi dura vao thuc tidn
thi doi hoi thiét bi phai hoat dong trong méi trudng ma nhiét d6 moi truong cé thé thay doi.
Céc két qua nay ciing pht hop v6i sy phu thudc ban kinh ion trung binh vi tri A [2].

Mot déac trung khac duge quan sat do 1a gia tri tir 46 trong pha st tir & 2 ché do do
lam lanh c6 tir truong va khong c6 tur truong 1a khac nhau. Su khac nhau nay 1a mot dac
trung hét strc quan trong cho thiy hién tuong tach pha hay trang thai thaty tinh dam (glassy
cluster) hinh thanh trong pha sét tir ctia vat liéu [1]. Theo d0, bén trong vat liéu khong hoan
toan dong nhat it nhat 1a vé& mit pha tir tinh ma thanh nén nhitng ving pha tir khac nhau khi
giam nhiét d6. Hién tuong nay khong chi dugc quan sat trong cac da tinh thé ma ngay trong
cac don tinh thé, & d6 cu trac tinh thé 1a gin nhu Iy twéng [12, 13] duoc cho 14 hién tuong
tach pha trong vat liéu [1, 14].

Hinh 3 trinh bay cac két qua tinh toan cho su bién thién entropy tir ctia cic mau x=0
va x=0.10. Nhu ¢6 thé thiy trén hinh v&, hiéu ng tir nhiét xuat hién trong toan dai nhiét do
do duogc. Tuy vay, hiéu tng 16n nhét tai 1an cin nhiét do chuyén pha st tir - thudn tur.
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Hinh 3. Sy bién thién entropy tir ciia hop chét Lag7Sro3MnO; va Lag.7Sro2Mgo1MnO;
khi ¢6 su thay ddi khac nhau ciia tir truong tir 1-6T
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Mic du sy thay thé Mg cho Sr da 1am giam hiéu ung tir nhiét nhung chung ta thdy n6
d4 kéo nhiét do xay ra hiéu ng vé phia nhiét d6 phong dé co thé tmg dung. Dé xem xét anh
huong cia viéc thay thé Mg cho Sr 1én ving nhiét d xay ra hiéu tmg, su phu thudc gia tri
tir 4o tuong d6i AS/ASmax khi co su bién thién tir truong 1Tesla theo AT=T-Timax (VGi Timax 12
nhiét do tai d6 c¢6 cuc dai bién thién entropy tur) da dugc xay dyng va trinh bay trén hinh 4.
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Hinh 4. Sy phu thudc bién thién nhiét d¢ caa gia tri twong ddi bién thién entropy tir
ciia cac hop chit LagsSrosMnOj; va Lag7Sro2Mgy1MnOs

Nhu ¢c6 thé théy, vung nhiét d§ xay ra hiéu ung dugc md rong hon. Sy md rong cua
viing nhiét d nay ciing s& 1am ting cong suit lam lanh cua vat liéu [15]. Nhu vay, su thay
thé Mg cho Sr mic du lam giam nhe hiéu ing nhung d dua nhiét do xay ra hiéu tng vé phia
nhiét 46 phong, dong thoi ving nhiét do xay ra hiéu tng ciing dugc mé rong va cong suat
1am lanh c6 thé duogc cai thién. Didu nay rat co ¥ nghia trong viée tim kiém vat liéu c6 kha
nang tng dung trong cong nghé lam lanh bang tir trudng.

Nhu vay, mac du d6 16n ctia hiéu irng giam chut it nhung ta théy nhiét d§ xay ra hi¢u
ung da duogc dich vé nhiét do phong va dac bi¢t 1a khoang nhiét d¢ xay ra hiéu img dugc mo
rong. Diéu ndy c6 y nghia trong tng dung. Gia tri bién thién entropy tir trong tir truong thay
d6i 1 Tesla ciing rat gin véi gia tri ciia mau LagosKoosMnOs [15] va ciing gan véi cac gia tri
ctia cac nghién ctru trude ddy [3, 8]. Khi ting su thay ddi cta tir trudng, ta thdy hiéu Gng tir
nhi¢t tré nén manh mé hon. Tuy nhién dé co thé g dung vao thuc tién thi cac gia tri cao
cua tir trudng khong duge khuyén khich.

3. KET LUAN

Hé mau Lag7Sro3xMgxMnOs duoc ché tao biang phuong phap phan ting pha ran. Céac
phan tich dwa trén phd nhiéu xa tia X cho thay cdc mau don pha véi ciu tric rhombohedral
thugc nhom R3c. Su thay thé Mg cho Sr lam giam hing sb mang va ting méo mang. Céac
quan sat chua thiy c6 su thay ddi cdu trac tinh thé cho dén 1/3 luong Sr bi thay thé boi Mg.
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Su thay thé Mg cho Sr lam giam nhiét d6 chuyén pha sat tir - thuan tir. Véi ndng d6 du doan
x=0.115 chuyén pha nay s& dién ra tai nhiét do phong. Mic du su thay thé Mg c¢6 lam giam
tur tinh cua vat liu va do d6 lam giam hi¢u ung tir nhi¢t nhung nhiét 46 xay ra hi¢u img dich
vé phia nhiét @6 phong khi néng do Mg dat x=0.11. DPac biét 1a ving nhiét d6 xay ra hi¢u
g ciing nhu cong suat lam lanh duoc cai thién. Piéu nay c6 ¥ nghia quan trong trong dinh
huéng tng dung trong k¥ thuat 1am lanh bang tir truong.
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INFLUENCE OF SUBSTITUTION MG FOR SR ON MAGNETIC
PROPERTY OF THE PEROVSKITE Lao.7Sr.3xMgxMnO3

Nguyen Tuan Phuong, Le Viet Bau

ABSTRACT

The compounds of Lao7Srosz-MgMnOsz (x =0-0.20) have been fabricated by
conventional solid state reaction. The structure is checked by X-ray diffraction. Magnetic
properties have been explored using PPMS. The data shows that the substitution Mg for Sr
decreases lattice parameters but the structure transition is not observed. This substitution
also decreases FM-PM transition temperature toward room temperature for x<0.15.
Despite decreasing slightly magnetocaloric effect, the temperature that this locates effect
shifts to room temperature. It is interesting that the temperature range in which existing this
effect is broadened. Those have a potention in coolling technology.

Keywords: Perovskite Lao.7Sro.3xMg:MnQOs, magnetic property.
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