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Céac béng hgp kim Fe,, Gd Zr, (x =1,2va3)cé chiéu day khoang 30 um dudc ché tao bing phuong
phap ngudi nhanh. Phéan t|ch nhleu xa tia X cho thdy cac mau bing hgp kim c6 céu truc vé dinh
hinh. Nhlet do Curie, T, clia hop kim dudc ting dang ké, ti 252 K (ddi v6i mau x = 1) t6i 326 K (d0i
véi mau x = 3), bang cach tang nong dd Gd. b6 bién thién entropy tu cuc dai, IAS I ..» clia hop kim
16n hon 0,8 J-kg 'K v6i su thay déi tif truong AH = 11 kOe. Kha néng lam lanh kha cao (RC 90 J-kg™)
tai vung nhiét dé phong dat dugc & mau véi x = 2. Cac phép phan tich dac tinh t6i han xung quanh
chuyén pha sét tu - thuan tii, bing cach s dung phuong phap Arrott-Noakes, da lam sang té cac
trat tu tU trong hgp kim.

Tu khéa: cdc hop kim nguéi nhanh, cac tham sé téi han, hiéu ung ta nhiét khc‘v’ng 16, su’'lam lanh tu,

trat tu to.
Chi sé phéan loai 1.3

MAGNETOCALORIC EFFECT AND CRITICAL
PARAMETERS OF Fe,  Gd,Zr , RAPIDLY
QUENCHED ALLOY RIBBONS

Summary

Fe,,,Gd Zr, (x = 1, 2 and 3) alloy ribbons with the thickness
of about 30 um have been prepared by using a melt-spinning
technique. X-ray diffraction analysis has shown an amorphous
structure of the alloy ribbons. Curie temperature, T of the alloy
ribbons have been considerably increased, from 252 K (for x
= 1) to 326 K (for x = 3), by increasing the Gd concentration.
The maximum magnetic entropy change, IAS | . of the alloys
is larger than 0.8 J-kg'K' with magnetic field change AH = 11
kOe. A quite high refrigerant capacity (RC ~ 90 J-kg') at room
temperature region has been obtained for the alloy ribbon with
x = 2. Critical analyses around the ferromagnetic-paramagnetic
phase transitions by using the Arrott-Noakes method have
elucidated the magnetic orders in the alloys.

Keywords: critical parameters, giant magnetocaloric effect,
magnetic orders, magnetic refrigeration, rapidly quenched
alloys.
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Gioi thiéu

Hiéu ung tir nhiét khéng 16
(GMCE) trong cac vat ligu duogc
quan tam nghién ctru boi kha nang
ung dung cua ching trong linh vuc
lam lanh bang tir truong. Cong
nghé lam lanh bang tir trudong dwa
trén nguyén ly tr truong lam thay
ddi entropy tir cua vat lidu. Viéc
ung dung vat li€u tor nhiét trong
cac may lam lanh c6 wu diém la
khong gy ra 6 nhiém mdi trudng
nhu cac may lanh dung khi, c6 kha
ning nang cao dugc hiéu suat lam
lanh (tiét kiém dwoc ning lugng),
c6 thiét ké nho gon, khong giy
tiéng on va c6 thé dung trong mot
s6 ung dung dic biét. Cac van dé
chinh can duogc giai quyét dé nang
cao kha nang tng dung thyc té cua
vat li€u tir nhiét 1a: 1) tao duogc hiéu



{rng tir nhiét 1én (GMCE) trong khoang tir truong thap,
boi cac thiét bi dan dung rat kho tao ra dugc tir truong
16m; ii) dua nhiét do chuyén pha ttr (nhiét d6 lam viéc)
cua cac vat liéu c6 hiéu tng tir nhiét 16n vé vung nhiét
dd phong; iii) mo rong vung lam viéc (vung cé hi¢u
{rng tir nhiét 16n) cho vat liéu dé c6 thé 1am lanh trong
mot dai nhiét do 16n. Ngoai ra, mot sé tinh chat khac
cuia vat liéu nhu nhiét dung, d6 dan dién, d6 dan nhiét,
dd bén, gia thanh... cling duoc chu trong cho viéc tng
dung cua loai vat liéu nay. V&i muc tiéu tiét kiém nang
lwong va bao v¢é moi trudong, viée tim kiém cac vat liéu
tir nhiét voi kha nang img dung t6t trong linh vuc lam
lanh bang tir trudng tai nhiét do phong ngay cang duoc
quan tdm nghién ciu.

Gan déy, rat nhiéu cic nhom nghién ctru tip trung
vao cac vat liéu tir nhiét co cau trac vo dinh hinh hoic
nano tinh thé [1-4]. Uu diém cua cac vat liéu vo dinh
hinh va nano tinh thé 13 kha niang cho GMCE, luc
khang tir thdp, dién tré suat cao, chuyén pha tir & nhiét
d6 phong va gia thanh thap - diéu rat can thiét cho cac
trmg dung thuc té. Trong sé cac loai hop kim nay, cac
hop kim nén Fe-Zr thu hiit duge sy cha ¥ ciia céc nha
khoa hoc [5-9]. Trong cong trinh nay, chiing t6i nghién
ctru hiéu tng tir nhiét va cac tham s toi han trong cac
hop kim Fe-Gd-Zr dugc ché tao bang phuong phap
ngudi nhanh.

Thuc nghiém

Céc tién hop kim Fe,, Gd Zr, (x =1, 2 va 3) duoc
ché tao tir cac kim loai sach (99.9%) Fe, Gd va Zr ba"mg
phuong phap niu chay ho quang dé tao sy dong déu
cho hop kim. Sau d6, phuong phap phun bang ngudi
nhanh dugc sir dung dé ché tao cac mau bang. Ciu trac
clia cac mau duoc phén tich bang phwong phap nhiéu
xa tia X (XRD). Tinh chat tir cia cac mau duoc khao
sat bang cach sir dung cac phép do tir do.

Két qua va thao luan

Hinh 1 biéu dién phd XRD ctia cac bang hop kim
Fe,, Gd Zr  v6i chiéu day khoang 30 um. Cac dinh
nhiéu xa tuong tmg vai cic pha tinh thé Fe Zr va o-Fe
da dugc quan sat thiy trén cac phd nay. Tuy nhién, cac
dinh nhiu xa trong d6i yéu. Piéu d6 c6 nghia rang cac
bang hop kim nay gan nhu 13 v6 dinh hinh.
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Hinh 1: phé XRD ciia cdc bang hop kim Fe,, GdZr,,
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Hinh 2: cac dwong cong tir tré tai nhiét dé phong (a)
va cac duwong cong tir nhiét (b) dwoc do trong tir truong
H = 100 Oe cua cdc bang hop kim Fe,, Gd Zr,,

Hinh 2a biéu dién sy phu thudc cua tor do vao tir
truong ngodi cia cdc mau bang tai nhiét d6 phong. Ta
c¢6 thé nhan thdy rang, cic mau bang c6 tinh chat tir
mém va tir d6 cua ching ting theo ndng d6 Gd (bang
1). Hinh 2b cho thay cac dudng cong tir nhiét rt gon
trong tir truong H= 100 Oe cua cac bang hop kim. Cac
mau bing nay c6 mot chuyén pha tir trong ving nhiét
d6 250-350 K tuong ung véi pha vo dinh hinh. Cac
két qua cho thiy, nhiét d6 Curie cta hop kim ting theo
nong do Gd (bang 1).
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Hinh 3: cdc dwong cong tir nhiét trong cdc tu truong khac nhau
va sw phu thugc ciia tie @ vdo tir truong tai cac nhi¢t @ khac nhau
cuia cdc bang hop kim Fe, Gd Zr, véix =1 (a,d), 2 (b, e) va 3 (c, f)
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Trong nghién ctru nay, chung toi da tinh d6 bién
thién entropy tur, AS , dwa trén céc s6 liéu tir nhiét
(hinh 3a-c). Tir cac duong cong tir nhiét ciia cac mau
trong cac tir trudng khac nhau, c6 thé suy ra sy phu
thudc cua tr d§ vao tur trrong, M(H), tai cac nhiét do
khac nhau (hinh 3d-f). Sau do, AS_ dugc xac dinh tir
cac s lieu M(H) bang cach sir dung phuong trinh sau:

H
‘(oM

A5, = I(EJ dH (1)
HI H

Bang cach sir dung phuong phap da dé xuat dé tinh
do bién thién cua cdc vat liéu tir, c6 thé tiét kiém thoi
gian va chi phi thuc nghiém. Phuong phap nay ciing
c6 thé st dung dé tranh anh huong cua su thing giang
nhiét cia cac hé do.
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Hinh 4: sy phu thudc vao nhiét dé cua bién thién entropy ti,
AS , trong bién thién cua tir truong AH =11 kOe cua cdc bang
hop kim Fe,, Gd Zr,,

Hinh 4 cho thay cac duong cong AS_(T) (VO’l AH =
11 kOe) cua cac mau bing Fe,, Gd Zr . Do bién thién
entropy tr cwe dai (JAS | ) cua hop kim ting tir 0,8
dén 1,02 J'’kg'K™' (v6i DH = 11 kOe) khi x ting tir 1
t6i 3. Kha ning 1am lanh (RC) ctia cac mau, ma duogc
dinh nghia Ia tich ctua do bién thién entropy tur cuc dai
va d6 ban rdng cua duong cong entropy tur phu thudc
vao nhiét 46 (FWHM), cling da duoc tinh toan (bang
1). Gia tri FWHM ciing duoc dé cap dén nhu 1a dai
nhiét do hoat dong cua chit 1am lanh tir. Dai nhiét do
hoat dong cua cac hop kim nay la khoang 80-90 K.
RC cuc dai 1a khoang 90 J-kg™' & nhiét 40 xung quanh
nhiét d6 phong dat duoc khi nong d6 Gd 1a 2%. Gia
tri RC nay cua hop kim Fe,) Gd Zr  16n hon so v6i
mot s6 hop kim vo dinh hlnh va nano tinh thé khac
nhu Finemet (Fe, Mo,Si , B,CuNb,), Nanoperm
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(Fe,, CoZrB Cu, Fe, Mo,CuB), HiTperm
(Fe,, Mn Co Nb B ) va vat heu vo dinh hinh khéi
(Fe,Co B CuSi,Al,Ga P, ) [10].

D¢ hiéu rd hon vé trat ty tir tai cdc chuyén pha loai
hai, d0 thi Arrott (M2-H/M) duoc dung tir cac sb lidu
M(H) (hinh 5). B&i vi chuyén pha sat tir - thuan tir tai
nhiét @6 Curie la mot chuyén pha lién tuc, sy phu thudc
cua tur do tu phat M (T) va nghich dao cua d6 cam tur
ban déu’x“O(T) vao nhiét do rut gon & = (T-T /T, y(’)i
bd cac so mil t¢i han B, v, d.., c6 thé dugc xac dinh bang
cach st dung cac hé thirc Arrott-Noakes sau [11, 12]:

M (T)=M,(-¢)’
(;1:(H0/Mo)3y

£<0 2)
e>0 3)
Tai nhiét d¢ Curie T, s6 mi § dugc x4c dinh boi
cac hé thuc cua tir 46 va tir truong:
H=DM"° £=0 (4)
Trong do, M, H/M, va D la céc bién do t6i han.

Gia tri tham s d c6 thé ciing thu duoc bang cach st
dung phuong trinh Wildom [13]:

d=1+v/p (5)
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Hinh 5: cdcﬁwo‘ng M?-H/M tai cac nhiét do khac nhau
ctia cac mau bang Fe,, Gd Zr, véix =1 (a) va 2 (b)

Bang 1: anh hu"ong ciia nong dg Gd (x) lén tir @g bio hoa (M ), nhiét do
Curie (TE) bién thlen entropy tur cuc dai (|AS, |, ag kha ndng lam lanh
(RC) va cdc tham s6 t6i han (B, vy, 8) ciia cdc mau bing Fe Gd Zr,,

90-x

X () | M_(emulg)[ 1S, (kgK) [RCWAQ)[T, (K] 8 | v | o
1 239 08 64 | 252 | 0475 | 1,162 |3,446
2 | 465 10 90 | 303 | 0498 | 0,951 2,910
3| 704 1,02 80 | 326 | 0440 | 0,804 |2,827

Tu do tu phat M (T) va nghich dao cua do cam
tr ban dau ' (T) cua vat liéu c6 thé thu dugc bang
cach lam khép tuyén tinh cic duong Arrott tai ving



tir truong cao. TUr giao diém ctia cac duong thang lam
khép véi cac truc M2 va H/M ta ¢6 thé xac dinh duoc
tur d0 tu phat va nghich dao do cam tir ban dau tai cac
nhiét do khac phau. Céc gia tri cua M (T) va x ' (T)
nhu cac ham s0 phu thudc nhiét @6 T dugc vé cho cac
mau bing Fe,, Gd Zr . Bang cach l1am khép cac 6
ligu M (T) va ' (T) theo cic h¢ thue (2) va (3),ch0
M(T) va y' (T), ching ta suy ra dugc cac tham so t6i
han B, y va T (hinh 6)“. Cac gia tri t’hu duoccuafvay
sau do6 dugc sir dung dé tinh tham s6 o dya trén phuong
trinh (5). T4t ca cac tham sb t6i han thu duoc dugc
trinh bay trong bang 1.

So sanh v&i mot s6 mo hinh 1y thuyét nhu mo hinh
truong trung binh (B = 0,5,y =1 va d = 3,0), mo hinh
Heisenberg ba chiéu (B=0,365,vy=1,336 vad =4,8)
va mo hinh Ising ba chiéu (p=0,325,y=1,241 vad =
4,82)[14], cac thong s téi han thu dugc theo phuwong
phép nay cho cac mau biang hop kim nguodi nhanh

€,,,Gd Zr, gﬁn v6i cac thong s6 ctia md hinh truong
trung binh, dac trung cho trat tu sat tur tuong tac xa.
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Hinh 6: sy phu thugc vao nhiét o cua tir @ tw phat M (T)
va nghich ddo ciia do cam tir ban dau ¢ ! (T) ciing véi cdc duong
lam khop theo cac hé thircc Arrott- Noakev cho cdc mdu bang
Gd Zr,, véix =1 (a), 2 (b) va 3 (c)
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Két luan

Nhiét @6 Curie cta cac hop kim Fe-Gd-Zr c6 thé
dugc diéu chinh vé ving nhiét do phong bang cich
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chon téc do phun bang va nong do Gd hop 1y. Bién
thién entropy tir cuc dai kha cao, |AS | = ~1 Jkg'K"
voi DH = 11 kOe, va dai nhiét d6 hoat dong kha rong
xung quanh nhiét @6 phong, DT ~ 90 K, biéu 16 nhiing
trmg dung tiém ning cta hop kim ngudi nhanh nén Fe-
Gd-Zr trong cong nghé 1am lanh bang tir truong. Cac
thong sé to1 han cua céc’mau bang Fe’%_deXZr10 thu
dugc gan voi cac tham so cua ly thuyét truong trung
binh, dac trung cho trat tu st tir twong tac xa.
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