CAu triic, tinh chat tif va hiéu ng tif nhiét cla hé mAu bang La, Fe,;,CoSi,
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Bai bdo giéi thi¢u nhirng két qua nghién ctru vé anh hwéng ciia nong dd La 1én ciu tric, tinh chit tir va
hi¢u ing tir nhi¢t ctia h¢ hop kim La, Fel05 [CoSi,  (x=0;0,5; 1va 1,5) dlr(rc ché tao bang phwong phap
phun bing ngudi nhanh véi van toc trong quay v = 20 m/s, sau do, ciac miu bing dugc 1 tai cAc nhiét d§
khac nhau (tir 1223 dén 1323 K) trong 1 h. Két qua cho thiy, ciu tric va tinh chit tir ciia hop kim phu
thudc dang ké vao ndng d9 La va ché dd @ nhiét. Khi ndng d9 La ting, kha ning hinh thanh trang thai
vd dinh hinh (GFA) ciia hop kim tiing. Nhiét d9 Curie ciia hop kim gizm theo nong do La. P9 bién thién
entropy (AS,) ciia hgp kim dat dwgc xung quanh nhié¢t do phong > 1 J.kg' K" (véi bién thién ciia tir
truong AH = 12 kQOe).

Tir khéa: bién thién entropy tir, cong nghé lam lanh bing tiv trwong, hiéu teng tiv nhigt, nhi¢t dp Curie,
phwong phap ngudi nhanh.

Chi s6 phin logi 1.3

: . . Mé dau
Structure, magnetic properties and magnetocaloric

effect of La, Fe, . Codi; ribbons

Summary

Tur khi dugc phat hi¢n, hi¢u ung tir nhiét
(MCE) da thu huat sy nghién ctru ctia nhiéu
nha khoa hoc boi kha nang tng dung cua

hiéu ting nay trong linh vuc 1am lanh bang tir
truong. Hién nay, su lam lanh béng tr truong
xung quanh nhi¢t do phong dua trén hiéu
g tir nhiét 1 mot cong nghé day hira hen.
Cong nghé lam lanh nay c6 hiéu suit cao

In this work, the authors investigated the influences of
La-concentration and annealing process on structure,
magnetic properties and magnetocaloric effect of
La,, Fe _ CoSi  (x=0,0.5, 1 and 1.5) ribbons prepared
by melt-spinning method with tangential velocity of

copper wheel of 20 m/s. The ribbons were subsequently (tict kiem nang lwong) va khong gay 6 nhiém

annealed at different temperatures (from 1223 K to
1323K) for 1 hour. The results showed that the structure
and magnetic properties of the alloy remarkably depended
on the concentration of La and annealing process. With
increasing La-concentration, the glass forming ability
(GFA) of the alloy was increased. Curie temperature of
the alloy reduced with increasing La-concentration. The
magnetic entropy change (AS,) of the alloy achieved
around room temperature was larger than 1 J.kg'. K"
(under magnetic change AH = 12 kOe).

Keywords: curie temperature, magnetic entropy change,
magnetic refrigeration technology, magnetocaloric effect,
melt-spinning method.
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moéi trudng. Viée 1am lanh bang tir truong
dua trén nguyén 1y 1am thay doi entropy cta
vat liéu. Dé hiéu suat 1am lanh cao thi hiéu
g tir nhiét ctia vat liéu phai 16n (do bién
thi€n entropy tir AS, | phaéi 16n). Trong nhiing
nam gén day, mot vai hé vat liéu cé hi¢u
ung tr nhiét 16n da dugc kham pha nhu: cac
hop kim chira Gd, cac hgp kim chtra As, cac
hop kim chura La, cac hop kim Heusler, cac
hop kim ngudi nhanh nén Fe va Mn... [1-8].
Trong sb cac hop kim nay, hop kim nén La-
Fe loai NaZn , duoc quan tdm nghién ctru
dac biét bdi chung co6 hi¢u tng tir nhi¢t 16n
(GMCE), gia thanh thap, khong doc hai va



dd dan nhiét cao [9-11]. Vi vay, chiing 12 mot ing ctr
vién sang gia cho cac chit 1am lanh tir. Cac vat lidu
nay di duoc sir dung dé ché tao thir nghiém may lam
lanh va dugc x4c dinh 1a c6 kha nang cho hi¢u suit cao
[12]. Tuy nhién, cac hgp kim nén La-Fe van c6 mot
s6 nhugc diém nhu: kho tao pha mong mudn (pha co
cu tric kiéu NaZn,), nhiét d6 hoat dong thap (nhiét
do Curie T, thép). pé nang cao nhi¢t do Curie T cua
loai vat liu nay, cac nha nghién ctru thuong pha thém
Co thay thé cho Fe. Hon thé nita, Co c6 thé cai thién
GFA cua cac vat liéu nay [13-14]. Tt trang thai vo dinh
hinh, pha loai NaZn , c6 thé duoc tao nén thong qua
qua trinh U nhiét. Dé diéu khién su hinh thanh cua cac
pha tinh thé, sy thay ddi cua ty phan cac nguyén t6 nhu
Fe:Si thuong dugc ap dung. Trong bai bao nay, chung
t6i trinh bay két qua khao sat anh huong cua sy thay
d6i ndng d6 La va ché d6 t nhiét 1én cu truc, tinh chat
. : 10,5-XCOSi1,5
(x=0;0,5; 1 va 1,5) dugc ché tao bang phuong phap
ngudi nhanh.

tir va hiéu ng tr nhiét ciia h¢ mau La,_Fe

Phuwong phap nghién ciu

Cac hop kim ban d4u v6i hop phan La Fe . CoSi
(x=0;0,5;1val,5) dugc néu tlr cac nguyén té La, Fé,
Co va Si trén 10 hd quang vai 1an dé tao su dong déu
ctia mau. Cac bang hop kim duoc ché tao trén thiét bi
phun bang ngudi nhanh don tryc. Tbe do ngudi cua
hop kim dugc chon thong qua tdc d6 quay cua trong.
Trong nghién ctru ndy, cic mau bang duoc ché tao véi
van tdc trong quay v = 20 m/s. Sau dé, cac mau bang
duoc U ¢ cac nhiét do khac nhau (tir 1223 dén 1323
K) trong 1 h. TAt ca cac qua trinh ndu hd quang, phun
bang ngudi nhanh va 1 nhiét déu dugc thuc hién trong
moi truong khi Ar dé tranh sy 6xy héa. Cau trac ciia
cic mau duogc phan tich béi phuwong phap nhiéu xa tia
X (XRD). Céc phép do tir dugc thuc hién trén hé tir ké
mau rung (VSM) véi tir truong cuc dai 1a 1,2 T. Dai
nhiét d6 do 1a 77350 K. Gia tri cua bién thién entropy
tr AS,, duoc gdy boi sy thay d6i cua tir trudng ngoai
duogc tinh theo cong thirc:

H
‘( OM
AS, = — | dH
s, = | ( aTjH (1

H,
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Két qua va ban ludn

Céc bang hop kim La  Fe  CoSi (x = 0; 0,5;
1 va 1,5) duoc ché tao voi van toe tréﬂg quay v = 20
m/s c6 do day khoang 40 pm. Hinh 1 1a phd XRD cua
hop kim. Két qua cho théy, cAu triic cua cac mau bang
13 rang phu thudc vao ndng d6 La. V&i sy ting 1én cia
nong do La, GFA ciing tang. Cac dinh nhiéu xa tuong
ung vGi cac pha loai NaZn , va a-Fe da dugc quan sat
thdy. Piéu dang cha y 1a cuong do cua cac dinh cua
pha a-Fe giam dan theo néng d6 La. Tuy nhién, mot
dinh nhiéu xa tuong dbi manh, khong xac dinh dugc,
xuét hién tai goc nhiéu xa 20 ~ 42° & cac mau voi x =
0,5+1,5.

e Loai - NaZn ,
- * Khong xac dinh .

Cuong d6 (d.v.t.y)

50
20 (°)

Hinh 1: phé XRD ciia cdc mdu bing hop kim La,, Fe,,; CoSi,
(x=0;0,5 1val5)

Hinh 2 biéu dién cac dudng cong tir nhiét cia mau
bang hop kim La  Fe, . CoSi  (x=0;0,5;1val,5)
duoc do o tir truong H = 100 Oe. Chling t6i nhan thay
réng, néng dd La anh huong rd rét 1én nhiét do chuyén
pha (nhi¢t do Curie, T ) cua hop kim. Cac duong cong
ttr nhiét cia cac mau c6 hinh dang rat khac nhau. Pic
biét, mau x = 0,5 co chuyén pha tur kha sdc nét. Diéu
nay la do sy hinh thanh cua céac pha tir trong hop kim
phu thudc vao néng ¢ La. Chuyén pha tir ctia cac mau
bang nay ndm trong khoang 250300 K. Sau chuyén
pha tir, tir 46 ctia cic miu bang khong giam vé 0 ma
van gilr tai mot gia tri nao do. Diéu d6 co thé 1a do tir
do cua cac pha c6 nhiét d§ Curie cao nhu pha tinh thé
a-Fe. Két qua do tir 46 nay hoan toan phu hop véi cac
phéan tich cAu tric & trén. Nhiét do Curie T. tai ving
nhi¢t do phong gidm khi x tang tr 0 t6i 1. Gia tri T, cua
mau x = 01a 297 K, con do6i véi cac mau x = 0,5 va 1
co cac gia tri T, twong tng la 276 va 273 K.
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Hinh 2: cdc dwong cong tir nhiét ciia hé mau bang

LaWFemvj_XCOSi” (x=0;05;1va 1,5) dwoc do trong tir truong H = 100 Oe

30 350

' 250
T

100 150 200

Hinh 3: cdc duwong cong tir nhiét o cdc tir truong khdc nhau
ciia mau bang La, Fe, CoSi,

10

Dé nghién ctru anh hudng cua La 1én MCE cua cac
mau bing hop kim Lal+xFe10~5-xCOSi1,5 (x=0;0,5;1va
1,5), ching t6i da chon 3 mau véi x = 0; 0,5 va 1 boi
vi chiing ¢6 nhiét do chuyén pha tir gin v6i nhiét do
phong. Chiing t6i da tinh bién thién entropy tir (AS,))
dua trén cac duong cong tir nhiét cia cac mau bang tai
cac tir truong khac nhau trong khoang tir 0,01 dén 12
kOe (hinh 3). Tlr cac dudng cong tir nhiét ciia cac mau
trong cac tir trudng khac nhau, chung t6i c6 thé suy ra
cac duong bién thién tir do theo tir truong, M(H), tai
cac nhié¢t d6 khac nhau (hinh 4). Trong cac nghién ctu
trude [13, 15], dé kiém tra lai sy chinh x4c cua phép
bién d6i nay, ching toi da so sanh sb lidu lay tir cac
dudng cong tir hoa ban dau va cac sb lidu ldy tir cac
duong cong tir nhiét. Két qua cho thiy, cac sd liéu lay
tur 2 cach nay la hoén toan ph1:1 hop. Sau do, AS, dugc
xac dinh tr cac so liéu M(H) bang cach st dung phuong
trinh (1).
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Hinh 4: cdc dwong cong tir dg phu thudc ti truong diege bién ﬂéi
tir cdc dwong cong tir nhiét o cac tir truong khdc nhau cia cac mau bang

hop kim La,, Fe,, . CoSi, véix =0 (a), 0,5 (b)val (c)
Hinh 5 1 d6 thi biéu dién su phy thudc vao nhiét do
cua AS,, cua cac mau voi x = 0; 0,5 va 1 trong bién
thién tir truong tir 0 dén 12 kOe. Két qua cho thay, AS,

cuc dai phu thude vao néng do La. Gia tri |ASM|

max

duoc xac dinh cho cac mau véi x = 0; 0,5 va 1 twong
ung 1a 0,8; 1,2 va 0,43 J.kg'.K".

1,21

0,81

0.6}

M

0.4]

—AS ( J.Kg'. K"

0 1 1 1 1 1 1
180 200 220 240 260 280 300 320
T(K)

Hinh 5: cde dieong cong - 45, (T) (AH = 12 kOe) cia caic mdu bing hop kim
La,, Fe,  CoSi  (x=0;05val)

10,5-x
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Vo6i muc dich khao sat anh huong cua ché d6 u
nhiét 1én tinh chét tir ciia hop kim, cdc mau bang hop
kim da duogc u tai cac nhiét do khac nhau (tur 1223 dén
1323 K) trong 1 h. Hinh 6 biéu dién c4c dudng cong tir
nhiét cia cadc mau bing hop kim La  Fe . CoSi (x
=0 va 0,5) sau khi u nhi¢t. K&t qua thu dugc cho thay,
nhiét d6 chuyén pha cua cac mau bang da dugc ting
1én sau khi u nhigt. Trude khi G nhi€t, cac gia tri T, cta
cac mau x = 0 va x = 0,5 tuong Ung chi 1a 297 va 276
K. Tuy nhién, cac gia tri nay dat tdi xung quanh 300 K
sau khi 0 nhiét. Can chu ¥ rang, T, cua céac mau bing
nay ciling tang theo nhiét d6 4. Khi nhi¢t do u tang tu
1223 dén 1323 K thi nhiét d6 Curie cua cac mau nay
tang trong khoang 280330 K.

1,05 T T T T 1.1

e 1 RS
0,95|
_ ool 09}
5085 --a--Chuau Loledy S 08
S gl o 1223K-1h N he £ 07
-e— 1273K-1h a & ="
078L A 1323K-1h 0.6
0.7 —a—1323K-1h
o5 T N
0,65 . . . .
100 150 200 250 300 350 04 . . . .
T (K) 100 150 200 250 300 350
T (K)
(a) (b)

Hinh 6: cdc dwong cong tir nhiét ciia cdc mau bang hop kim La,, Fe

CoSi,
voix =0 (a) va x = 0,5 (b) sau khi u nhiét

10,5-x

Két luan

Anh huéng ctia ndng do La va ché do xtr 1y nhiét
1én céu trac, tinh chit tir va hiéu tng tir nhiét cua
La, Fe . CoSi  (x=0;0,5,1val,5)dadugcnghién
ctru. Vi sy ting 1én cia ndng do La, khd ndng hinh
thanh trang thai vo dinh hinh cua hop kim tang va su
hinh thanh pha tinh thé o-Fe giam. Chuyén pha tir va
hiéu ing tir nhiét dugc cai thién dang ké voi giatrix =
0,5. Gia tri 16n nhét cua bién thién entropy tu thu duoc
xung quanh nhiét 4o phong la 1,2 J. Kg'.K!' (vdi AH =
12 kOe). Nhiét 6 Curie ctia hop kim c6 thé diéu chinh
vé ving nhiét 46 phong bang cach u nhiét.

Loi cam on

Cong trinh nay dwoc thuc hién voi su hé tro kinh
phi cia dé tai cdp Vién Han lam KH&CN Viét Nam
md s6 VAST03.04/14-15. Cong viéc thuc nghiém dwoc
thuc hién tai Phong thi nghiém trong diém vé vdt liéu
va linh kién dién tw va Phong vat ly vat liéu tir va siéu
dan, Vién Khoa hoc vdt liéu. Nhém tdc gia xin trdan
trong cam on.
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