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Tém tit: Cic bang hop kim Fey. «MyZrig (M = Ni, Co, Mn) véi d6 day ~15 Hm duoc ché tao bang
phuong phdp ngudi nhanh trén hé tréng quay don truc. Két qua phan tich nhidu xa tia X chi ra ring
cdc mau bang hop kim c6 cau tric vo dinh hinh. Cdc phép do tir nhiét cho thiy nhiét do Curie cua
hop kim thay ddi 16 rét khi ndng d6 cdc nguyén td thay thé (M) thay dbi va khoang thay dbi cua
nhiét d6 Curie phu thudc vao ban chét cia nguyén tb thay thé. V&i nguyén t6 thay thé cho Fe 1a Ni
hodc Co, nhiét @6 Curie cua hop kim ¢6 thé dugc dua vé vung nhiét d phong. Tir 46 bdo hoa cia
hop kim & nhiét d6 phong ciing dwoc ting 1én khi ndng do Ni hodc Co trong hop kim ting 1én. Cac
méu bang hop kim thé hién tinh tir mém véi luc khing tir thdp (H, < 30 Oe). Két qua tinh bién
thién entropy tir AS,, va kha ning lam lanh RC ciia mét s mau bang chita Co cho thiy hiéu tng tir
nhigt ctia h¢ hop kim nay 12 khd 16n (IASylye ~ 1 J.kg K, RC > 100 J kg v6i AH = 11 Oe) va
¢6 thé ing dung thuc té.

Tur khéa: Hi€u tng tir nhiét, nhiét do Curie, hop kim v dinh hinh, cdng nghé ngudi nhanh, cdng

ngh¢ 1am lanh bang tir truong.

1. Mé diu

Hi¢u tng tir nhiét (MagnetoCaloric Effect-
MCE) cuta vat liéu dugc quan tdm nghién ctru
boi n6 ¢6 thé tmg dung trong linh vuc 1am lanh
béng tor truong. Viéc lam lanh béng tor truong
dua trén nguyén 1y tr truong lam thay do6i
entropy cua vat liéu. bé hiéu suét 1am lanh béng
phuong phap nay 16n thi hi¢u Gng tir nhiét cia
vat liéu cang phai 16n (c6 bién thién entropy tir
AS,, va thay ddi nhiét do doan nhiét AT,y 16n).
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Viéc tng dung vat li€u tur nhiét trong cic may
lam lanh ¢6 wu diém 1a khong gy ra 6 nhiém
mdi tredng nhu cdc may lanh dung khi, c6 kha
nang nang cao dugc hiéu suat lam lanh (tiét
kiém dugc nang lugng), cé thé thiét ké nho gon,
khong giy tiéng On va c6 thé ding trong mot sb
ung dung dac biét. Céac van dé chinh can dugc
gidi quyét dé nang cao kha ning ng dung thuc
té cua vat liéu tir nhiét 12: i) tao duoc hiéu ung
tir nhiét 16n trong khodng tr truong thép, baoi
cac thiét bi dan dung rat khé tao ra duogc tir
truong 16n; ii) dua nhiét do chuyén pha tur
(nhiét do lam viéc) cua cac vat liéu c6 hiéu ung
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tr nhiét 16n vé vung nhiét d§ phong; iii) md
rong vung lam viéc (ving c6 hiéu tng tir nhiét
16n) cho vat liéu dé c6 thé 1am lanh trong mot
dai nhiét do 16n. Ngoai ra, mot s6 tinh chat khac
cuia vat liéu nhu nhiét dung, d6 dan dién, do dan
nhiét, do bén, gia thanh... ciing dugc chi trong
cho viéc ung dung cua loai vét liéu nay. Cung
v6i muc tiéu tiét kiém nang lugng va bao vé
mdi trudng, viéc tim kiém céc vat vat liéu tir
nhié¢t cé kha néng ing dung trong cidc mdy lam
lanh bang tir trudng & ving nhiét do phong
ngay cang dugc quan tdm nghién ctru.

Gan day, nhidu nhém nghién ctru tap trung
vao cdc vat liéu tir nhiét ché tao béng phuong
phdp ngudi nhanh [1-9]. Uu diém cua loai vat
liéu nay la dé thay ddi duoc nhiét do Curie (Tc),
¢6 hiéu ung tir nhiét 16n, c6 lyc khang tir nho,
¢6 dién tré sudt 16n, co gia thanh thép... D6 1a
c4c yéu cau can thiét cho tmng dung thyc té cua
vat liéu tir nhiét. Cac hgp kim ngudi nhanh nén
kim loai chuyén tiép dugc xem la mot loai vat
liéu tir nhiét ¢ trién vong ung dung tdt do
chiing c6 tr A bao hoa 16n, do bén cao, co tinh
tt... Tuy nhién, nhiét d6 Curie ctia hop kim
nén kim loai chuyén tiép thudng nim ngoai
vung nhi¢t do phong va chuyén pha tir thuong
khong sdc nét. Viéc lua chon dugc céc hop
phin @& hop kim c¢6 kha ning tao trang thdi vo
dinh hinh 16n ma van bao dam dugc céc thong
sO tir can thiét cho ung dung trong cong nghé
lam lanh bﬁng tr trrong cling can dugc nghién
ctru sau rong hon. Trong bai bdo nay, ching t6i
s& trinh bay mot s6 két qua nghién ctru tinh chat
tor va hi€u Uung tu nhiét trén hé hop kim Feq,.
M,Zrio (M = Ni, Co, Mn) duoc ché tao béng
phuong phap phun bang ngudi nhanh.

2. Thyc nghiém

Cac mau hop kim dugc can theo ding thanh
phan danh dinh tir cdc vat liéu ban dau c6 do
sach cao (Fe, Co, Ni, Mn, Zr) va dugc néu hd
quang (Trung Qudc) dé tao ra cdc miu khéi.
Hop kim sau mdi lan ndu duoc 1at va ndu lai,

cdng viéc nay duoc 1ap lai ndm lan dé dat duoc
sy dong nhat ciia mau. Cic mau hop kim khdi
thu dugc ding dé ché tao cdc bang bang k¥
thuat phun bang ngudi nhanh trén hé tréng dong
don tryc ZKG-1 (Trung Quéc) co buéng tao
mau trong khi Ar dé trénh sy oxy héa. Céu tric
clia cdc mau dugc phan tich bﬁng phuong phép
nhiéu xa tia X (XRD) trén thiét bi SIEMENS
D-5000 (Puc). Cac phép do tir dugc thyc hién
trén hé tir k& mau rung (VSM) tu lép dat (tai
Vién Khoa hoc vat li¢u) voi tir truong cyc dai 1a
12 kOe va d6 nhdy c& 10* emu. Bién thién
entropy tur AS,, dugc tinh todn tr dir liéu cua
cac phép do tu, st dung hé thuic:

HEY

AS,, }{[aT deH (1)

3. Két qua va ban luin

Cac mau bang hgp kim Fegy M, Zrq (M =
Ni, Co, Mn) thu dugc c6 d6 day c& 15 um
(twong tmg vai van toc dai cta tréng quay 1 40
m/s). Phd nhidu xa tia X ciia cac mau bang hop
kim cho thdy chiing c6 cu trac hau nhu vo dinh
hinh (khong c6 dinh nhiéu xa 1o nét dic trung
cho céc pha tinh thé). Vi cdu trac vo dinh
hinh, ta c6 thé thay dbi ti phan cia cac nguyén
t6 trong hop kim mot cach tiy y dé diéu chinh
duogc nhiét d§ Curie ctia hop kim dat toi gia tri
mong mubn. D6 1a mot trong cac uu thé cua
hop kim ngudi nhanh.

Hinh 1 biéu dién cic duong cong tir nhiét
rit gon do trong tur truong 100 Oe cua hé hop
kim ngudi nhanh FegyM;Zr;y (M = Ni, Co va
Mn). Ta thdy rang Tc cua hop kim phy thudc
kha 13 vao ndng d va ban chat ctia cic nguyén
t6 thay thé cho Fe. T¢ tang khi nguyén td thay
thé cho Fe 1a Ni hoic Co va giam di khi nguyén
t6 thay thé 1a Mn. Khi chua c6 nguyén td thay
thé (x = 0), Tc ctia hop kim 1a ~260 K. Khi thay
thé 15% Ni cho Fe, T cua hop kim tang lén t&i
~430 K. Khi thay thé 12% Co cho Fe, Tc cua
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hop kim tang 1én t6i ~500 K. Nhu vay, Co lam
Tc cua hop kim ting manh hon so véi anh
huéng cia Ni. S¢ di ndng do thay thé cua cac
nguyén t6 khong gidng nhau 1a do thdi diém
lam thyc nghi€ém va cac muc ti€u nghién ctru
trén timg hé véi cic nguyén td thay thé khac
nhau 1a khac nhau. Quan sat trén hinh la va 1b
ta nhan thay riang, dé ung dung cho cac thiét b
lam lanh bang tir trudng & ving nhiét d6 phong
thi khoang ndng d6 thay thé ctia Ni va Co cho
Fe trong hgp kim mot cach twong ung 1a 5% va
3%. Con dbi voi su thay thé Mn cho Fe, T¢ cta
hop kim lai giam xudng ¢& 220 K khi ndng do
Mn ting téi 6%. Theo mét sb cac két qua da
cong b6 [10, 11], nhiét dd Curie phu thudc vao
md men tr nguyén tr va héng 56 twong tic trao
dbi trong cac hop kim. Cau triic bét trat tu trong
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céc hop kim v6 dinh hinh dan dén sy bién thién
vé khoang cich va sb nguyén tir 1an can gan
nhit, ddn dén md men tir nguyén tir va lién két
twong tic trao dbi cuc bd bi thing gidng. Su
thiang gidng ngau nhién c6 thé 1am tang hay
giam nhié¢t d¢ Curie tuy thudc vao d¢ 16n cua
céc lien két sit tir. PSi véi cic hop kim chira
Co, nhiét d¢ Curie thuong tang 1€n do tuong tic
st tir trong hop kim dugc ting cudng. Su c6
mit cua Ni trong cdc hop kim vo dinh hinh nén
Fe-Zr da 1am cho md men tir trung binh cua hop
kim ting lén, dan dén su tding cua nhiét do
Curie. Con d6i voi cic hop kim nén Fe-Mn,
tuong tic trao dbi gitra cac nguyén tir Fe va Mn
thuong c6 gid tri am nén da lam cho cd m6 men
tr trung binh va nhiét d§ Curie cia hop kim bi
suy giam.
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Hinh 1. Cdc duong cong tir nhiét riit gon do trong tir truong 100 Oe ctia hé hop kim nguéi nhanh Fegy (M, Zr
vdi M = Ni (a), Co (b) va Mn (c).
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Dé khéo sit anh huong cia Ni va Co 1én tir
dd bdo hoa va luc khang tir cua hop kim, cac
phép do tir tré & nhiét do phong cho cdc mau
bang hgp kim ngudi nhanh FegyM,Zr;, véi M
= Ni va Co duoc thuc hién (hinh 2). Ta théy
rang tit ca cdc miu da khao sit déu thé hién
tinh tir mém vai lye khang tir nhé (H, < 30 Oe).
T d6 bdo hoa cia hop kim ting don diéu khi

thay thé Fe biang Ni hodc Co. Tuy nhién, Co
lam tang tir d6 bao hoa cua hop kim manh hon
so voi Ni. Sy tang tr d0 bdo hoa ¢ nhiét do
phong cua h0'p kim khi c¢6 mat ctia Ni va Co c6
thé mot phan do md men tir nguyén tir trung
binh trong hop kim ting 1én [10, 11], phan khac
do sy tang 1én cua nhiét d6 Curie.

160 . ; .
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Hinh 2. C4c dudng tir tré & nhiét dd phong ctia hé hgp kim ngudi nhanh Feg) M, Zr o véi M = Ni (a) va Co (b).

Pé danh gié dd 16n cua hi€u Gng tur nhiét
cua hop kim, bién thién entropy tr AS,, ciia mot
s6 mau bang cia hé hop kim Fey. XCOXZI‘IO x=
1, 2, 3 va 4) dugc xac dinh. DO bién thién
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Hinh 3. Hé duang cong M(H) tai cdc nhiét do khic
nhau cia mau bang hgp kim Feg;Co3Zr .

entropy tir AS,, clia cdc mau duoc xé4c dinh theo
phuong phdp gidn tiép tir cac duong M(H) &
cac nhiét do khac nhau (hinh 3) béng cach su
dung hé thuc (1).
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Hinh 4. Su phu thudc Eﬁa bién thién entropy tr AS,,
vao nhiét d6 cua cac mau bang hop kim Fegq,Co,Zrq
(x=1,2,3va4)voi AH=11kOe.
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Két qua cho thiy cac miu déu cho d6 bién
thién entropy tor am va dat gid tri cao ¢ xung
quanh nhiét do chuyén pha tir (hinh 4). D¢ bién
thién entropy tir cyc dai IAS ,ln.x ciia cac mau cb
xu thé ting dan khi ting ndng d6 Co va dat cic
gid tri 1an luot 1a 0,89; 0,93; 1,02 va 1,08 J.kg
' X" véi thién tir truong AH = 11 kOe. Nhing
gia tri thu dugc vé d0 bién thién entropy tur cuc
dai da dat dugc ciia cac mau hop kim nay 1a kha
16n khi bién thién cia tir truong ngoai chi 1a 11
kOe. Hon nita, kha nang lam lanh RC (duogc
xéc dinh bang tich ciia d6 bién thién entropy tir
cuc dai IAS . vO1 d0 ban rong (FWHM) cua
duong cong AS,(T)) clia cic mau déu khé cao
(>100 J.kg™"). Cdc gid tri RC nay déu cao hon
so véi RC cia cic hop kim ngudi nhanh da
duogc cong bd nhu Finemet
(Fegs sMosSij3sBgCuNb;), Nanoperm  (Fegs.
«CoxZrgBoCuy,  Feg; MogCu;B,), HiTperm
(FegoxMnsCoysNbgB1¢) va cac hop kim vd dinh
hinh  khéi (Fe,Co,B,CuSizAlsGaP,p) [1-5].
Piéu d6 cho thiy kha ning tmg dung ciia hop
kim ngudi nhanh Fe-Co-Zr cho cong nghé lam
lanh bang tir trudng & ving nhiét d6 phong 1a
rat 16n.

4. Két luan

Ching t6i dd thu dwoc mot sb két qua
nghién ctru ¢6 y nghia khoa hoc va thuc tién tét
vé tinh chit tir va hiéu g tir nhiét 16n trén hé
hop kim FegyM;Zr;o (M = Ni, Co, Mn) ché tao
béng phuong phdp phun bang ngudi nhanh.
Nhiét d6 Curie ciia hop kim cé thé dugc diéu
chinh vé ving nhiét do phong bing cach lya
chon ndng d6 cia nguyén t6 thay thé thich hop.
Bién thién entropy tur cuc dai IASln.x va kha
nang lam lanh RC cua hop kim Fe-Co-Zr 1a kha
16n, cho thiy kha ning tng dung cua loai vat

liéu nay trong coéng nghé 1am lanh bang tur
truong.
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Magnetic Properties and Magnetocaloric Effect of Fe-M-Zr
(M = Ni, Co, Mn) Rapidly Quenched Alloys
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Abstract: Feqg .M, Zr o (M = Ni, Co, Mn) ribbons with thickness of about 15 pm were prepared by
melt-spinning method on a single roller system. X-ray diffraction patterns of the ribbons manifest their
amorphous structure. The thermomagnetization measurements show that Curie temperature of the
alloy clearly varies with varying concentration of the substitution elements (M) and the range of
variation of Curie temperature depends on the nature of the substitution elements. Curie temperature
of the alloy can be taken to room temperature by substituting Ni or Co for Fe. Saturation
magnetization of the alloy is also increased with increasing concentration of Ni or Co. The ribbons
reveal soft magnetic behavior with low coercivities (H. < 30 Oe). Magnetic entropy change (AS,,) and
refrigerant capacity (RC) were calculated for some Co-containing samples showing large
magnetocaloric effect (IASylnax ~ 1 Jkg'. K", RC > 100 J.kg"' with AH = 11 Oe) and high possibility
for practical application of these alloys

Keywords: Giant magnetocaloric effect, Curie temperature, amorphous alloys, rapidly quenching
technology, magnetic refrigeration technology.



