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Bai.bio gidi thidwnhimg két qua nghién ciru }ré anh:hwdmg-cia ndng 39 La Jén-chu trise, tinh chat tiﬁ' va
higu vrng tir-nhigt ciia-hi hep kim Lay, Fe, . CoSi ; (x = 0; 0,5; T v 1,5) duge ehié tao *bﬁnga!mmfmg phép
pliin biing ngudi-nhanh véi vin-£o¢ trong-quay-v = 20:m/s, sau ‘@6, cac mau bing dugc i ¢ichc nhiét-dd
khac nhaii:(tir 1223 dén 1323 K) trong 1 h. Két qua ¢ho thiy, ¢au trac va tiph chit tir ctiahop kim phu
thude dang ké vao nﬂng d La va ché dou n‘hiétr. Khi nbng dd La ting, kha niing hinh thanh tkang thaii
vé dinh hinh (GFA) ciia hop kim ting. Nhiét a9 Curie chia hgp kim gidin theo ndng dd La. P} bién thidp.
entropy. (AS,) cia hop kim dat dwgc xung quanh, nhiét d¢ phong > t J.kg” K" (véi-bién thiéh cia tir

trwomg AH.= 12.kQe),
?3‘. . )

hwong phéap ngudi nhanh.
Chi s .phdn-logi 1.3
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y: bibni thién entropy tie, cong ngh¢ lam lanh bang tir triweong, higu ieng tiv nhigt, nhigt 33 Curie,
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Structure, magnetic properties and magnetocaloric
effectofLa, Fe, . CoSi ribbons

Sﬁmmary

Int this work, the authers investigated the infiuencés of
La-oncentration and annealing procéss -on Striicture,
maghpetfic properties ahd indgnetocaloric -effect of
Ra, Fe, . CoSi Ax =0,0.5,1 and |.5) ribbons prepared
by nielt-spiniiing méthod with tangentigl velocity of
coppet wheel of 20 nifs. The vibbons were subsequently
annealed at different teniperatures @rom 3223 K to
1323K)for 1 hour, The results showed thiat the $fructuye
and migrieti¢ properties of thealloy feinairkablydepended
ofi the coiicéntiation of Ea and anpealing process; With
incveasing d.a-cohcentration, ¢he glass forming ability
{GFA)-of \ihie alloy Was dncreased, CyFie tenperature of
thie alloy reduced with-increasing La-cohcentration. The
magifetic -entropy change {AS ). of the alloy achieved
around rooih temperature was larger thai' 1 Jkg' K
(under magneti¢ ¢hange AH = 12:kQe),

Keywords: curie temperature, magnetic entropy change,
magnetic refrigeration technology, magnétocdloric effect;

Mé dau

‘Tir khi duoc phat hién, hiéy img tir nhiét
(MCE)-d4 thu hat sw nghiém ciru ctia nhiéu
nha khoa hoe boi-kha ning img -dung ‘cia
‘higui img-ndy trong linh vyc lamlanh bang tiy
tridmg. Hién nay, sw 1Am larih bing tir ttwdmg
xung quanh nhi¢t 46 phong dya tént hidu
(g ¢ nhiétda mot cong nghé diy hita hen.
‘Cong nghé lam lanh nay co hidu sufit cao
(tiét kiém néng luwgmg) va khéng gy o hiém

moi trwdmg. Viée 4am lanh bing & fiudhg

dua trén nguyén ly [am thay doi ¢ntropy cla
viit lidu. Pé-hiéu suat 1am lanh cao thi hiéu
{mg tir nhiét cha vat lidu phai 1on (46 bién
thi€n éntropy tir AS, phaidén). Trong nliiing
ndm gan ddy, mot vai hé vt 1igu c6 hiéu
g tir nhiét Ion da duge kham phénhir: cae
hop kim ¢hira Gd, cdc hop kimschira As, céc
hop kirn-chira La, ciec hop kimHeusler, cic
‘hop kim nguéi nhanhmeén Fé va Mn. .. [1-8).
Trong sb ¢ac hgp'kim ndy, hop kim nén La-

’%:&Vﬂ Nam 4(2) 2.2016 2 o

Fe l6ai NaZn,, dirgc quan tdm nghién cinw
dic bideboi ching ¢ hidu-tng tir nhist [on
(GMCE), gi4 thanh- thap, khong doc hai va

melt:spinning method.
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46 dan hiét cao [9-111]. Vi vay, ching 1a mdt img cir
vién sang gi& cho cic chitflam lanh . Cac vat lidu
nay d3duge su dung dé ohé taosthit nghlem mayilam
lanh vi duge xéc dlmlwéﬂﬂ(ha nang ¢ho higu $uat cao
112). Tuy nhién, «<cac hop kin nén L.a-Fe vin 06 mét
s{) nhitrge didm nhw; khé dab pha mong muun Apha co
caudric kiéu NﬂZﬁw), nhiét ‘a6 hoat dnng thﬁp (nhiét

d6+Curie ¢ #hﬁp) Bé nang@aq nlnet 45 Curle T.cua
loai vt 1iéu ndy, ¢dchha nghlehwcuu thirong pha them

Co thay. thé «ho-Fe. iHl‘ltﬂ‘lE nira,-Co ¢ the cai thién

ﬁﬁﬁﬁﬁﬁﬁ

GFAclia chc vArTidunayT13-14]. Tlirang thai vo dirh
hinh, pha-logi NaZn,, c4-the duoc 120 nén thong qua
qué trinh-knhiét. Dé diéukhien swhinh thanh cia che
pha tinh thé, syt thay d6i cumty phén cic nguyén t6 hhur
Fe:$i thwong duqc ap dimgn Trnng*ba; bao nay, chang
10t trinh bay ket-‘qua kﬁa@ Sat anhhm’mg ¢ua sl,rfthay
dﬁlﬂiﬂﬁg {6 La va ché d6.0snhiétlen:cay friie, tinh chit
tir va hiéu unggtmmhlgt ciig-héaniu Ea Fem - CﬂSl
@ -.mﬂ*g 1 wér1,5) duoeché tao baug phuong phap
ngm;u i nhanh.

Phuong:phapmghién-cin

€4c hgpkim bandaun vii ho'papﬁﬁn La, Fe,, .. *CoSi, P
£x= ﬁ 0,55 w1, 5)hduqc nauktu ¢ae nguyen tp La Fe,
Co W*$1 trénﬂlﬂzhn,-guang vai 1an-dé tao smﬂﬂng deu
cia miu, Cac bing hop kim duge chéao trén thiét b

phunbing, ngudirnhant don fruc. Toc 46 ngidi cla

bopkitmedige chon thorg qua toc 4o quay cia trong.
Z{‘rﬁnganghten cifu nay, cac mau ‘bang duoc chié tao vdi
van«tée ﬁongquax v = 20 m/s. Sau do, cac mau-bing
dirg¢ G & cac nhiéddkitse nhaui(tir 1223:dén-1323

K)trong { h. Tatca cac qué trinh nauho.quang, phun
bing ngudi nhanh' vi G.nhiét.déu duge thue hién.trong:
méi trudng khi Ar dé tranh sir6xy Héa. Cau tric cia

cée miu duge phantichbai phuong phap I].hIEll xa tia
X (XRD).<Cac phép do tir durge thue hxen frén hé tir ké
mﬁu*::mngf\" SM)- vé1i stir trFong cuc -dai 1a 1,2 T. Dai
nhigedd do 13 77+350°K. ‘Gid fri-clia bién thién entropy

tir AS;, duge giy-boi sy thay ddi cha-tr truong ngoai.

duge tinh.theo-cong thirc:

H,, 4
‘II‘- *aM 1'.4. .
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;pha (nhiét-d6:Curie, T

Két quia-va ban luan

Cac bang hop kim La, Fe,, . CoSi , (x = 0; 0,5;
I vé 1;5). dwge ché tao voi van to¢ trong diiay v = 20
/s b 4o day khﬂang 40. pm. Hinh 1 1a phé XRD ¢da
hop kim. Kbt t]lia-:ChG thay, ¢u tric clia cic miu bang
18 rang phy thude v30 nong d6 La. Vé&i sy tipg 1én cla
ndiig 4o Lai (GFA ¢liig ting. Cac dinh nhidu xa fvong
u'ng vi-cac phafloai NaZn , va o-Fe da dugc quin sat
thay llewdang ¢hi: ¥ 1a- cu:ang d6 cua cac dinh cia
pha «-Fe giatn din théo néng do La, Tuy nhién, mét

dinhmhiéu xatzong Idﬂm manh, khong xéc dinh dugc,

%04t hién4ai goc nhifu xa 26~ 42° & cac mau vdi x =
0,515

la el 1 il e i | gyl §
I [l I  § T ﬂ
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“Hirth 1: pﬁaﬂDm&mﬂmﬂu bangkﬂphmmhfem CaSr
=005 Ivall)

Hinh:2 biéu dién:cac dudng: cong tir nhiét cia miu
bang hop-kimLa , B¢, . -€oSi; ;«(x = 0; 0,5;°1 va 1,5)
dirgc dnﬁftwtnn’_mg H =100 Ge. Chiing t6i nhan thay
ring, ndng o' La-anh-fiudng 15 rét1én nhiét d6 chuyén
) ciia hop kim. C4¢ dudmg cong
tur: nhlet clia cac mau. co; hmh dgng rit khac nhau. Dic
biét, mau x =0,5 ¢b chuyenﬁpha tir kha sic nét. Pidu
ndy 1a-do sy Hinh thanh cda céc pha tir trong hop kim
;phuthude vao néng d6 La. Chuyén pha tu cua cac mau
‘biing nay-nam trong khoing 250300 K. Sau chuyén
p"'ha i, tl.r d6 clia.¢4¢ .mAu: bﬁng khong giam vé 0 ma
van gitrstai-mot gia tri nao d6. Piéu d6 c6 thé 1 do-ar
dd.ctia cac pha co nhiét dd Curie cao nhy pha tinh thé
a-Fé. Két qua de tir 36 nay -hodn toan phu hop v ¢ac
phan tich céu triic & trén. Nhiét d6 Curie T tai vung
nhiét 6. phong-giam khi x ting tir 0 t& 1. Gia tri T, cua
mdu x = 0 13 297K, con dbi véi cac mau x = 0,5 va 1
c6 cic gid tri T, twong Umg 1a 276 va 273 K.
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Hinh 2: cdc dwomg cong tir nhiét ciia hé mdu bdng
La, Fe, CoSi (x=0;05; 1val5)dwocdotrong tie truomg H = 100 Oe
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Hinh 3:.cac diwong cong tir nhiét ¢ cdc tic triwong khac nhau
ctia mdu bang La, Fe CoSi,

Pé nghién ciru _ﬁnh‘huﬁmg cia La 1én MCE cua cac
mau bing hop kim La, 5,.CoSi, ( (x=0;0,5; 1 va
1,5), ching t6i-da chon 3 mau voi x 0; 0,5 va I bai
vi chiing cé nhiét d6 chuyen pha tir gin vGi nhiét do
phong. Chiing t6i da tinh bién thién entropy tir (AS,)
duatrén cac dudng cong tir nhiét cua cac mau bang tai
céc tir truong khac nhau trong khoang tir 0,01 dén 12
kOe (hinh 3). Tir cac dudng cong tir nhiét ctia cdc miu
trong cac tir tmﬁmg khic nhau, chiing t6i ¢é thé suy ra
céc dudng bién thién tir do-theo tir truomg, M(H), tai
cac nhiét do khac nhau (hinh 4). Trong cac nghién ciru
trude [13, 15], dé kiém tra lai su chinh xac cua phép
bién ddi nay, chung t01 dd so sanh sn liéu lay tir cac
dudng cong tir héa ban dau va céc sb liéu Iy tir céc
duomg cong tir nhiét. Két qua cho thay, cac sé liéu lay
tir 2 cach nay la hoan toan phu hop. Sau d6, AS,, duoc
xdc dinh tir cac s6 liéu M(H) bang cich sir dung phm.mg
trinh (1).
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Hinh 4: cac dmmg cong. fir Ep pﬁu thupc tir tricomg d‘:rg'c bién dm
tir cde ducmg cong tir nhi¢t ¢ ede tir truomg khide nhau ciia cdc mau bing

hgpkim La, Fe,, CoSi, voix=0{(a), 0.5 (b) val{c)

Hinh 5 1 do thi biéu dién swphu thude vao nhiét do
cua AS,, cua cac mau vdi x = 0; 0,5 va 1 trong bién
thién tir treomg tir 0 dén 12 kOe. K&t qua cho thay, AS,,
cuc dai phu thuéc viao nong.do La. Gia tri ]AS I

duge xéac dinh cho cac méu véi x = 0; 0,5 va 1 tuong
img 14°0,8; 1,2 va 0,43 J kg' K.

-aS, ( J.Kg".K")
=
o

| [ ] 1 i TR § . iosie
180 200 220 240 260 280 300- 320
T (K)

Hinh 5: cdc diong cong - 48, (T) (4H = 12 kOe) cua cdc mdu bing hgp kim
La, Fe, CoSi  (x=0:05val)
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Véi myc dich khao sat anh huémg cpa ché do U
nhijét 1én tinh chat tir cia hop kim, cic mau biang hop
kim d3 dugc 1 tai cac nhiét 46 khac nhau (6ir 1223 dén
1323 K) trong 1 h. Hinh 6 biéu dién ca'c dm?mg c¢ong tir
nhiét cia cdc miu bang hop kim La,, Fe, . <CoSi, (x
= 0 va 0,5) sau khi 1 nihiét. Két qua thu dum: cho thay,
nhiét 43 chuyén pha cia cic miu bang da duoc ting
lén sau khi u nhiét. Tred¢ khi u nhiét, cac gia tri T cua
At maux=0vax =0, twong tmg chi 1a 297 va 276
K. Tuy nhién, cic gia tri nay dat tdi xung quan_h 300 K
sau khi  nhiét. Can ¢hn y ring, Tc cia cdc méau biing
ndy cﬁng tang theo nhiét dﬁ *ﬁ Khi nhiét do tﬁng tt‘r

rrrrr

—— Chua i
[ —e— 1223K-1h
- 1273K-1h
- —rd— 1323 K-1h

'n." — ' i - reri -
T {K) 100 150 200 25077300 350

T{K)

(a) (&)

Hinh 6. cic duimg cong tir nhiét cria cic méu bang hop kim La,, Fe

, CoSi,,
vai x = 0 {a) va x = 0,5 (b) sau kki 1i nhiét |

Két luan

Anh hudng cua nﬂng d6 La va ché d6 xir Iy nhiét
Ién cdu tric, tinh chét tir va hiéu wng tir nhiét cua
La,, Fe, . CoSi  (x=0;0, 3, 1va 1,5) da dugc nghién
ciru. Véi sy tang 1én ¢ua nong d6 La, kha ning hinh
thanh trang thai vé dinh hinh cta hop kim ting va syt
hinh thanh pha tinh thé ¢-Fe giam. Chuyen pha tir va
hi€u ing tir nhiét dm;w: cai th1¢n dang ké vi giatri x =
0.5. Gia trj 16n nhat cta bién thién entropy & thu duac
xung quanh nhiét d6 phong 13 1,2 'Kg' K (vm AH =
12 kOe). Nhi¢t 46 Curie ciia hop kim c6 thé didu chinh
vé vung nhiét d¢ phong bang cach i nhiét.

Lot cdm on

Cong trinh ndy dupc thuc hién véi sw h6 tro kinh
phi cua dé tdi cdp Vién Han lém KH&CN Viét Nam
md so VASTO3. 04/14-15. Céng viée thuc ngh:em duegc
thuc hién tgi Phong thi nghiém trong diém vé vét liéu
va linh kién dién tr va Phong vit Iy vét lidu tir va siéu

dan, Vién Khoa hoc vat liéu. Nhom tac gid xin trdn
Irong cam on,
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