Tinh chéat tu, hiéu Ging tU nhiét va cac tham sé téi han
cla cac bang hgp kim Ni_ Mn__Sb_

Nguyén Thi Mai', Nguyén Hdi Yén2, Pham Thi Thanh?
Dinh Chi Linh3, VO Manh Quang®, 6 Thi Kim Anh', Nguyén Huy Dan?

"Truong Pai hoc Khoa hoc Ty rhién, Pai hoc Qubc gia Ha Noi
2Vien Khoa hoc vat ligu, Vien Han 1am KH&CN Viet Nam
®Trudng Cao déng Cong nghiép In

*Trucng Pai hoc Su' pham Ha Noi 2

Hé hgp kim Ni, Mn, be (x=11,12, 13, 14 va 15) dang bang dugc ché tao bang phu’dng phap ngu0|
nhanh. Sau do mot phan bang da dugc U nhiét & cac ché& dod khac nhau. Két qua phan tich glan do
nhiéu xa tia X cho thay cac mau véi x = 13, 14 va 15 ¢6 cau truc don pha Ni,MnSb. Dang diéu clia cac
ducng tu nhiét phu thuéc manh vao néng do6 Sb va ché do 4. Chuyén pha phan sat tui - sat ti ro nét
& cac mau véi x = 12:14. Trong bién thién tu trudng 1a 12 kOe, gia tri bién thién entropy tu cuc dai
clia mau c6 x = 13 dat 1,02 J.kg'.K-'. Cac tham s6 tdi han cla m5u dugc xac dinh dua trén phuong
phap Arrott-Noakes.

Tu khoa: chuyén pha tu, c6ng nghé lam lanh bang tu trudng, hiéu ung tu nhiét, hop kim Heusler, tham

S0 tdi han.

Chi sé phan loai 1.3

MAGCNETIC PROPERIIES, MAGNETOCALORIC EFFECT
AND CRITICAL PARAMETERS OF Ni Mn, &b _alloy RIBBONS

Summary

Ni,Mn,, Sb_(x = 11, 12, 13, 14 and 15) alloy ribbons are
produced by using melt spinning and subsequent annealing.
The X-ray diffraction data show that the samples with x =
13+15 are mainly structured with Ni,MnSb single phase.
The shape of thermomagnetization curve considerably
depends on the Sb concentration and annealing process.
The antiferromagnetic-ferromagnetic transition is clearly
observed on the samples with x = 12:14. Under the magnetic
field change of 12 kOe, the maximum magnetic entropy
change IAS | . of the ribbons is about 1 J.kg'.K"'. Based
on the Landau’s phase transition theory and analyses of
the magnetic data, the critical parameters of the alloys have
been determined.

Keywords: critical parameter, Heusler alloy, magnetic
refrigeration technology magnetic phase (transition,

magnetocaloric effect.
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Mé dau

Hién nay, cac may lam lanh dang
c6 anh hudng sau rong dén cudc
séng clia con ngudi. Vi vay, tim ra
cac loai may lanh tién ti€n tiét kiém
nang lugng, khéng gay & nhiém va
gia thanh ré la méi quan tam cua rat
nhiéu nha khoa hoc trén khap thé
giGi. May lam lanh bang tu trudng
htia hen c6 thé dap ting dudc nhiing
tiéu chi cha mot may lanh tién tién.
Lam lanh bang tu trudng la coéng
nghé lam lanh dya trén hiéu ung tu
nhiét ctia vat liéu. Ban chét ctia hiéu
(ing nay la su chuyén hoéa gitia ndng
lugng tu - nhiét khi vat liéu chiu tac
dong cla tu trudng ngoai. Hiéu tng
Xudt hién vgi cudng dé khac nhau
3 moi vat liéu va dugc danh gia
théng qua gia tri bi€n thién nhiét
dd doan nhiét va bién thién entropy
tU khi tu trudng bién déi. Duya vao
chiéu huéng thay déi nhiét do (hoac



entropy tU) ma hiéu ung tt nhiét dugc chia thanh hai
loai &m va duaong.

Céc hgp kim Heusler c6 mét s8 uu diém dé ting
dung trong céng nghé lam lanh bang tu truéng nhu:
cho ca hiéu Uing ti nhiét &m va duang, luc khang tu
thdp (dé dé ti héa) va dién trd suat cao (dé gidm
hao phi do dong Fucd) [1-3]. Tuy nhién, loai vat liéu
nay cling con mét s6 nhuge diém can dugc khac
phuc nhu kho tao pha cdu trdc nhu mong muén,
vlng nhiét do lam viéc cla vat liéu con ndm ngoai
vlng nhiét dé phong. Diéu nay doi hdi can tim ra
hop phan va céng nghé ché tao thich hgp dé thay
ddi c4u tric va tinh chat cla vat liéu nhu mong
muén. Trong bai bdo nay, ching t6i trinh bay nhiing
két qua nghién cliu vé sy &nh hudng cla hgp phan
va qua trinh xU ly nhiét 1&én tinh chat ti, hiéu Gng tu
nhiét va cac tham so t6i han clia hgp kim Heusler
Nig,,Mn,, Sb (x = 11,12, 13, 14 va 15) dang bang,
dudc ché tao bang phuang phap ngudi nhanh.

Phuong phap nghién ciiu

Hé hop kim NigMn., Sb_(x = 11, 12, 13, 14 va
15) dang khai dugc tao thanh tu viéc ndu nong chay
cac kim loai Ni, Mn va Sb c6 do sach cao bang
16 ho6 quang trong khi Ar. Hgp kim sau khi ndu sé
dudc tao thanh dang bang bang phuang phap ngudi
nhanh vgi toc dé quay cua trong 1a 40 m/s. Sau do,
mot phan bang sé dudc U nhiét G nhiét do 850°C v4i
thdi gian 0,5 h; 1 h; 2 h va 4 h trong maéi truéng khi
Ar. D& tranh viéc tao pha trung gian trong qua trinh
(i, mau dugc dua vao U khi nhiét do 16 da 8n dinh
& 850°C va ngay khi hét thai gian G, mau dugc lam
ngudi nhanh trong nudc. C4u truc clia mau dugc
kh&o sat bang phudng phap nhiéu xa tia X. Tinh
chat ti va hiéu tng tu nhiét cia mau dugc khao sat
qua cac phép do ti do trén hé ti k€ mau rung.

Két qua va ban luan
q g

Hinh 1 la gian dé nhiéu xa tia X clia cac mau
Ni,,Mn, Sb (x = 11, 12, 13, 14 va 15) khi chua (
nhiét. Ta thdy c&du tric cla mau phu thuéc manh
vao noéng do Sb va pha Heusler day di Ni,MnSb 1a
pha chl y&u c6 mat & hau hét cac mau. Cu thé, vai
nhiing mau c¢6 néng dé Sb thdp nhu x = 11 va 12 thi
trong cau tric c¢é pha Ni,Sb, va Mn_Sb. Khi néng do
Sb téng Ién thi pha Ni,MnSb xuét hién va thay thé
hoan toan cac pha khac. Cac mau véi x = 13+15 ¢6
cdu tric don pha Ni,MnSb va cudng dé dinh nhiéu
xa clia pha nay tang Ién khi néng dé Sb tang. Chinh
nhiing thay d&i vé c4u tric theo néng doé Sb nhu vay
da kéo theo su thay déi vé cac tinh chat tu va hiéu
Ung tu nhiét cha hgp kim.
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Hinh 1: gidn dé nhiéu xa tia X cla cdac mau NiMn,, Sb,
(x=11,12, 13, 14 va 15)

—— x=11
—@— x=12
——x=13
B —— x=14

R x=15

150 200 250 300 350 100 150 200 250 300 350 400
(a) T (K) (b) T(K)

Hinh 2: cdc dudng tor d6 phu thudc nhiét do do 6 tu truong 12 kOe
cua cac mau bang Ni,Mn,, Sb, chua i nhiét (a)
va clia mau bang vdi x = 13 da u nhiét (b)

Su chuyén pha ti cla hgp kim dugdc khdo sat
théng qua cac dudng tu dé phu thudc vao nhiét do
do trong tU trudng 12 kOe cllia mau chua U nhiét
(hinh 2a) va cla mau vG6i x = 13 da U nhiét (hinh
2b). Ta thay, dang diéu céc dudng tu nhiét thay déi
rd rang theo néng dd Sb va ché& dd G nhiét. Cu thé,
hinh 2a cho thdy m&u c6 x = 12+14 xuét hién chuyén
pha phan sat ti - sat ti (AFM-FM) tai ving nhiét do
khodng 220+325 K. Nhiét dé chuyén pha nay giam
di theo chiéu tang clia ndng doé Sb. Khi néng do Sb
cao (x = 15) ho#c thdp (x = 11) thi chuyén pha AFM-
FM khong xuét hién.

Bén canh dé, ching t6i cling da 0 mau & cac
ché& do khac nhau dé mong tao dugc tinh chat tu t6t.
K&t quéa thu dudc la tinh chat ti cia mAu bang vdi
x = 13 thay d&i rd theo nhiing ch& do U khac nhau.
Vi vay, mau nay sau khi 0 nhiét da dugc chon dé
khdo sat tinh chat ti. Hinh 2b la cac dudng tu nhiét
do trong tu trudng 12 kOe clia mau bang véi x = 13
sau U nhiét. Sau khi 0 trong thgi gian 1 h, 2 hva 4 h,
chuyén pha AFM-FM tré nén rd nét hon trudc khi 0.
Nhiét d6 Curie clla mau truéc va sau khi 0 gan nhu
khong thay déi.

Hiéu ting ti nhiét cila mau dugc danh gia qua gia
tri bi€n thién entropy tir (AS ). Gia tri nay cé thé tinh
dudc tu cac dudng M(H) (hinh 4a) va s dung cong
thac (1) [3, 4]:
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Céac dudng M(H) dudc rat ra bang cach bién ddi
tir cac dudng do thuc nghiém M(T) cla mau & cac
tlr trudng khac nhau (hinh 3) trén hé ti k& mau rung.
Hinh 4b bi€u dién gia tri bi€n thién entropy tir AS_
clia mau véi x = 13 khi chua 0 nhiét trong bién thién
tl trudng AH = 12 kOe. Gia tri bién thién entropy tu
cuc daidat IAS | = 1,02 J/(kg.K).

T (K)

Hinh 3: su phu thuéc cla tu d6 vao nhiét d6 do J cdc
tU trudng khdc nhau cia mau x = 13 khi chua U nhiét
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Hinh 4: su phu thuéc clda tu dé vao tu trudng & cdc nhiét do
khdc nhau (a) va su phu thude cla bién thién entropy tu vao
nhiét dé trong bién thién tu truong 12 kOe (b) clia mau x = 13
trude khi G

Chuyén pha tur va trat tu ti trong hop kim dudc
tim hiéu rd hon théng qua cac dudng Arrott, M2-H/M
(hinh 5a). Tu cac dudng nay ta tim ra dugc cac dai
lugng quan trong nhu ti do bao hoa Mg va do cam
tU y, tai cac nhiét dé khac nhau [5-9]. Cac tham s6
t6i han B, y va 6 lién hé vdi hai dai lugng trén theo
cac cong thuc Arrott-Noakes nhu sau [5,10-13]:

M (T)= M,,[I'Ei:—lh‘? T =

P

T. (2)

H=DM* r=T, (3)
. H, T-T.
T )==L(—= ) TxT. 4
X () M, T, J : (4)
S=1+y/p8 (5)
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Trong do6: M, H, va D la cac bién do tGi han.
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Hinh 5: cac dudng Arrott, M*-H/M (a) va dudng M va y,"
phu thuéc vao nhiét do (b) clia mau x = 13 trudc khi 0 nhiét

Hinh 5a la cac dudng M2-H/M clia mau vGi x = 13
khi chua U nhiét. Ta nhan thdy dudng tuong Gng vdi
nhiét do 334 K (gan T,) cé dang gan nhu tuyén tinh.
Cac dudng khac cé dang phi tuyén & vung tu trudng
thap va dang tuyén tinh & vlng ti trudng cao. Hinh
dang phan dudng cong cla nhiing dudng co6 nhiét
do trén va dudi T, c6 hudng ngugc nhau. Khi ngoai
suy tuyén tinh dudng Arrott tai vung ti trudng cao ta
thu dugc cac dudng M(T) va y,"(T) (hinh 5b). Cac
dai lugng nhu T, B va y tim dugc bang cach lam
khép s6 liéu cla hai dudng nay véi ly thuyét dya
theo cbng thuc (2) va (4), 6 tinh dugc nhd cong thuc
(5) [2, 5]. Két qué thu dudc la T, ~ 334 K, B = 0,442
+0,032,y=0,714 + 0,047 va § = 2,61. Ta thay gia tri
B nam gidia mé hinh trudng trung binh (Mean field)
va 3D-Heisenberg, trong khi y c6 gia tri gan ding
véi m6 hinh trudng trung binh (bang 1).

Bang 1: gid tri tham s6 t6i han cta mau x = 13 trudc khi U
S0 vdi cac mé hinh ly thuyét

Vat liéu p y 3 Tai liéu tham khao
Nig,Mn_.Sb., 0,442 0,714 2,61 Cong trinh nay
Mean-field 0,5 1 3 [14]
3D Heisenberg 0,365 1,386 4.8 [14]
3D Ising 0,325 1,24 4,82 [14]

K&t quéa trén c6 thé dugc giai thich 1a do khi mau
c6 nhiét do I6n hon nhiét dd Curie thi mot phan pha
s&t ti van con ton tai va pha nay sé suy giam dan
khi nhiét do tang thém. Cac két qua nhu trén la hoan
toan phu hgp vé6i két qua thé hién trén dudng M(T)
va M(H) ca mau nhu hinh 3 va 4a.

R"t l 2
.

Anh hudng cla hgp phan Ién cdu truc va tinh
chat tir cGia hgp kim NiiMn_ Sb (x = 11, 12, 13,
14 va 15) dang bang da dugc khao sat. C4u trac
va tinh chat ti clia hgp kim phu thuéc manh vao



néng doé Sb. Cac mau vai x = 13, 14 va 15 ¢6 céu
tric don pha Ni,MnSb. Chuyén pha AFM-FM quan
sat thdy & cac mau cé x = 12, 13 va 14. Nhiét do
chuyén pha loai nay ctia cac mau giam theo chiéu
tang clia néng dd Sb. Mau bang Nig,Mn,Sb., co gia
tri bién thién entropy ti 16n nhat dat 1,02 J.kg'.K"
(trong bién thién tu trudng 12 kOe). Cac tham so téi
han cla mau bang da dugc xac dinh va ching cé
gia tri ndm gitta mé hinh trudng trung binh va 3D-
Heisenberg.
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