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Hiéu trng nho tir trong vat liéu tir ciang FeCo/(Nd, Pr).Fe,B
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Tom tit. Hiéu tng nho tir khi nghién ctu tinh chit dong cia vat liégu nano té hop
FeCo/(Nd, Pr),FeB lan diu tién dugc phé hién va giai thich trén md hinh thir bac ning lugng.
Trong qué trinh d4o tir, tir truong ngodi thay ddi ¢ gia tri dwong hon dang ké so vai tir truong
nguoc ban dau thi hiéu wng nho tir xay ra. Truong hop tir truong nguoc thay déi khong déng ké
(cAu trc nang lugng khong thay dbi nhiéu) hoac thay ddi qué nhidu (ciu tric nang lugng hoan
toan thay déi) thi hién tuong nhé tir khong xay ra

Ter khda: Hiéu ttng nhé tir, Exchange spring, Vat liéu tir ciing, 2:14:1.

1. Mé dau

Vit liéu tir ciing o chira dat hiém va kim
loai chuyén tiép (vat lieu R-T) 1a mét trong
nhitng ddi tuong nghién ciru nhiéu nhat trong tir
hoc vi cac dac tinh quy bau cualoai vat liéu nay
06 thé wng dung dé 1am nam cham vinh ciru [1].
Vit liéu duoc coi 1a ¢d tinh tir cang tot 1a vat
liéu co tir d6 béo hoa Mg 16n va b luc khang tir
H. cao. Tinh tir cirng ciia vat liéu R-T xuat phét
tir su két hop gitra md men tir lon caa kim loai
chuyén tiép va di huéng tir rat manh co trong
céc kim loai dat hiém [2]. Tuy nhién do sy pha
lodng tir khi 6 mat cia cac kim loai dat hiém ¢
nhiét ¢6 phong ma cac vét liéu tir ciing thuong
khé dat tir d6 b&o hoa cao. Vit liéu tir ¢ tir d6
b&o hda cao thuong xuat hién trong cac vat liéu
tr mém c6 thanh phan cha yéu la kim loai
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chuyén tiép. Dé c6 thé c6 Mg vaH, 16n, nguoi ta
d4 tao ra vat lidu t6 hop exchange-spring (ES)
gom vt liéu tir cirng va tir mém cd kich thuéc
nm [3]. O kich thuéc vai nm nho hon do dai
lién két trao doi trong vat li¢u st tir, qua trinh
dao tir cia md men tir cia pha tir mém bi ham
boi di hudng tir 16n cia phatir cing. Két qua 1a
vat liéu c6 ca hai vu diém caa phatir mém vatir
cieng dugc hinh thanh.

Trung tdm Khoa hoc Vit liéu d& c6 nhiéu
nam nghién ciru vé vat liéu ES tao thanh tir a-
FeCo 0d vai trd nhu pha tir mém va ProFe.B
(2:14:1) c6 vai tro nhu phatir cing [4]. Vat liéu
tir ndy ¢ gia tri tir ¢6 b&o hoa dat dén 12 kG,
lyc khang tir 3,8 kOe, tich nang lugng cuc dai
(BH)ima 17,8 MGOe. Ngoai uu diém tir tir do va
luc khang tir, vat liéu con co gia thanh ré hon
do co it dat hiém. Ti phan dat hiém chi chiém
khoang 4% nguyén tir trong khi vat liéu thdng
thuong (2:14:1) c6 chira dén 12% nguyeén ti.
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Vi vat liéu tr cang, hién tuong tir dong
lién quan dén hi¢u tng nhét tir 1a mot van dé
dugc nghién cau tir 1&u [5]. Vat liéu tir cirng ¢
d6 nhét tir cao b thé do dugc bang cac may do
thong thuong. Thong qua hiéu ung nhat tr ma
nguoi ta cd thé rit ra cac co ché quan trong
trong viéc tim ra ban chit cua qua trinh quay
ctia cAc md men tir va co ché cua luc khang tir
trong vt liéu [6]. Moi déy, ching ti da cong
bd nghién ciru ban dau lién quan dén hiéu ang
nhé khi nghién cau tinh chat tir dong ciia vat
liéu t6 hop a-FeColPr,Fe,B [4]. Tom tit phét
hién nhu sau; vt liéu tir cieng dugc bdo hoa
trong tir trudng cao (duong) ngay sau dé dat
mét tir truong ngod nguoc hudng vai tir truong
ban dau (&m) nhung nho hon, vi dy, -3 kOe
chang han. Do tir truong doi chiéu nén cac mo
men tir trong vat ligu s& quay theo chiéu tur
truong. Vi lavat liéu tir crng cd d6 nhot tir cao
nén sy quay ndy khong dién ra ngay lap tac ma
dién ra du cham dé co thé do dwoc bang cac
méy do tur thdng thuong. Sy quay cia cac mo
men tir [am cho tir @6 caa vét liéu suy giam theo
thoi gian. Quy luat suy giam caatir d6 theo thoi
gian M(t) thdng thuong theo ham mi. Tu sy suy
giam dé nguoi tatinh d6 nhét tr S= dM/d(Int).
D6 la didu nguoi ta da biét tir 1au. Nhung bay
gio, trong qua trinh dao tur dudi tir truong
nguoc -3 kOe, ta thay doi thanh -2,5 kOethi gia
tri tr @6 tang d6t ngot. Gitr tir truong -2,5 kOe
trong mot khoang thoi gian nhat dinh ri tro lai
giatri ban dau 1a -3 kOe thi tir d6 lai giam dot
ngot. Diéu dang chd y |a gia tri khi giam dot
ngot dung bang gia tri nhu trudc khi ting tir
truong. Vat liéu to duong nhu nhé dugc trang
thé tir truéc khi thay d6i tir truong trong qua
trinh suy giam theo thoi gian. Mot hién tuong
nhé tir tuong tu dugc tim thiy khi nghién cau
Sy suy giam cua tu d6 theo thoi gian cua hé
nano tir tinh o6 tuong téc trao déi yéu nhung

thay cho viéc thay doi tir truong, nguoi ta thay
doi nhiét do [7]. Diéu khéc biét & nghién ciu
cha chang téi [atim ra hiéu rng nhé tir khi thay
doi tir truong va nghién ciru trong hé ¢é tuong
téc trao d6i manh. Tuy nhién co ché giai thich
cho hiéu tng nhg tir chua dugc giai thich ré
rang. Bai b&o nay cdng bb két qua nghién ciru
vé hiéu ttng nhé tir trén hé vat liéu to hop
FeCo/(Nd, Pr),Fe4B.

2. Thuc nghiém

Vit liéu tir nano t6 hop duoc ché tao bang
phuong phép ngudi nhanh két hop u nhiét tao
pha d& dugc trinh bay ¢ mot ba bao khéc [8].
Céc phép do tir tinh duoc do bang tir ké mau
rung DM S 880 véi tir truong toi da 13,5 kOe.

3. Két qua vathao luan

Puong cong tir ha cua vat liéu to hop dugc
cho & trong hinh 1. Két qua cho thay day la vat
liéu tir cirng vai gia tri tir o bdo hoa dat 140
emu/g va luc khang tr H. dat 2,8 kOe. D
vubng cua dudng cong tir d¢ dugc dinh nghia la
M,/M; dat gia tri 0,9. Hinh 2 1a két qua phép do
duong cong tir du ding nhiét (isothermal
remanent magnetization - IRM) va dudng cong
khtr tir mot chiéu (dc demagnetization - DCD).
Pudng cong IRM thu dugc chinh latir du Mgy
khi mau bi khir tir hoan toan, tir du dugc do tai
tir truong bang khdng sau khi dat mat tir truong
khé&c nhau trong mét thoi gian 5 s. Tur truong
ngod do ting tir khong dén 13,5 kOe. Puong
cong DCD chinh la tir du Mpcp thu dugc khi
mau bj tir héa dén tir truong 13,5 kOe sau d6
dat mét tur truong nguoc tac dung trong mot
thoi gian 5 s rdi tat tir truong. Diém khac biét
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Hinh 1. Buong cong tir héa cia vat ligu td hop
FeCO/(Nd, Pr)zFeMB.
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Hinh 2. Buong cong Mgy va Mbco vaDM (hinh
nho) caavat liéu to hop.

quan trong & hai duong ndy la duong IRM bit
dau ¢ trang théi khu tir, duong DCD bt dau tir
trang thé b&o hoa tir. P4i voi hé gdm céac hat
khéng tuong téc thi hé¢ thic Wohlfarth dugc
théa mén [9]. Tac la 1 — 2mgy = Mpep, trong
d6 m= M/Ms. Nguoi ta dinh nghia mét théng sb
DM = mpep — (1 — 2migu) thé hién cho tuong tac
gitta c&c hat trong hé. Néu théng s DM [a am
thi cac hat trong hé duoc diéu khién cha yéu boi
tuong tac ludng cuc, tirc lahé dé dang bi khir tir
hon la bi tir héa. Nguoc lai néu giatri nay 1a
dwong thi hé duoc diéu khién cha yéu boi tuong
téc trao d6i. Néu bang khéng thi cac hat trong
hé khdng co tuong tac. Hinh 2 cho thiy hé to
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Hinh 3. Buong tir hdalap caa hé nano td hop.
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Hinh 4. Sy suy giam tir d0 tai tir treong -3 kOe.

hop c6 tuong tac trao d6i manh thé hién dic
diém caa hé nam chdm ES. Piéu nay duoc
khang dinh thém tir duong cong lap (recoil) &
vung ttr trudng ngugc va nhé ¢ hinh 3 trong do
chi rd cac duong tur 1ap s€ trang nhau & vung tir
truong thap.

Su suy giam tir d¢ theo thoi gian cua vat
lieu t6 hop FeCol/(Nd, Pr),Fe.,B sau khi tir hoa
b&o hoa ¢ tir truong +13,5 kOe roi dao tir vé gia
tri -3 kOe duoc cho trong hinh 4. Sy suy giam
nay tuan theo ham mii. Bo nhét tr dugc xac
dinh tir cong thic S = dM/d(Int). Khoang thoi
gian trong nghién cau ndy téi dala 900 s. Bay
gio, trong quéa trinh suy giam tir d6 ta thay doi
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Hinh 5. Sy suy giam tir d¢ theo thoi gian dudi
tac dung cuatir truong nguoc -3000 Oe va
-2500 Oe. Thoi gian thay doi tir truong 1a 100s,
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Hinh 6. Sy suy giam tir d¢ theo thoi gian dudi
tac dung cuatir truong nguoc -3 kOe va
-2,5 kOe. Thoi gian thay doi tir truong 1a350 s.

giatri tir truong nhung van giit 1a nguoc huéng
so v6i phuong tir hda bdo hoda (tuc la tu truong
ngoa co giatri &m) thi giatri tir d6 thay doi dot
ngot. Trén hinh 5 cho thiy, sau khi suy giam
trong 150 s dudi téc dung cia tir truong -3 kOe
(ki hiéu 14 150 s, -3 kOe), ta tac dung mat tur
truong -2,5 kOe trong thoi gian 100 s rdi lai tro
lai -3 kOe. Ta thdy, tir 6 giam theo ham mii ¢
doan (150 s, -3 kOe), ting dot ngot va nam
ngang ¢ doan (100 s, -3 kOe), tiép tuc giam
theo ham mii ¢ (150 s, -3 kOe€), naim ngang &
(100 s, -2,5 kOe) ké tiép. Quatrinh d6 duoc lap
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Hinh 7. Sy suy giam tir d¢ theo thoi gian dudi
tac dung cuatir truong nguoc -3000 Oe va
-2970 Oe. Thoi gian thay doi tur truong 1a 350 s.

a
-3000 Oe
b c
-2500 Oe -2500 Oe

Hinh 8. Gian d6 nang luong ciia hé nano té hop
phu thugc vao tir truong ngoai: (a) -3000 Oe;
(b, ¢) -2500 Ce.

di lap lai balan. Biéu dang chay lagiatri tir 4o
cudi cia (150 s, -3 kOe) ban dau bang giatri tir
d6 dau cua (150 s, -3 kOe) thir hai. Giatri tir do
cudi cua (150 s, -3 kOg) thir hai bang gia tri tir
d6 dau coa (150 s, -3 kOe) thir ba. Duong nhu
trang thé tir ciia hé sau khi thay doi tir truong
-2,5 kOe nhé dugc gia tri tir do truge khi thay
doi. Hién tugng tuong ty duoc quan sét khi thay
doi thoi gian tac dung tir truong (350 s) nhu
dugc mo ta trong hinh 6. Hién tugng nha tu
nhu dugc mé ta khoéng xuat hién khi tir truong
dang & -3000 Oe d6i thanh mot giatri 16n hon
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Hinh 9. Sy suy giam tir d¢ theo thoi gian dudi
tac dung cuatir truong nguoc -3 kOe va
-3,5 kOe. Thoi gian thay doi tir truong 1a350 s.

gan nd 1a -2970 Oe. O d&y, trong thoi ki tir
truong thay doi, tir d6 van suy giam, mac du
cham hon so véi tur treong -3000 Oe. Khi tro lai
giatri -3000 Oe, giatri tir 4o khéng con gidng
nhu truéc khi thay doi tir truong nira. Hién
tuong tuong tu ra khi thay doi tir truong thanh
-2980 Oe va -2990 Oe (dir liéu tuong tuy khdng
thé hién trong bai bdo nay). Tir ¢6 co thay doi
dot ngot mot chat khi tir truong ngodi thay doi
tuy nhién trong qua trinh tir truong -2990 Oe
téc dung, tir ¢6 suy giam chtr khéng nam ngang
nhu truong hgp ¢ hinh 6. Khi tro lai gid tri ban
dau, tir do thay doi dot ngot mot 1an nira nhung
khéng bang gid tri trudc khi thay doi. Nhu vay
|a néu tir truong thay ddi 16n hon dang ké tur
truong ngod dat vao ban dau va duong hon thi
hé c6 kha nang nhg trang thai tir, tir truong nho
hon khong dang ké thi khéng thé nho dugc
trang théi tir. Day 1a 14 dau tién hién tuong nho
tir trong hé vat liéu cd twong tac manh.

Hién twong nho tir oo thé duoc giai thich
trén co s6 md hinh thr bac ning luong [10]
(hierarchical model) mé hinh nay dugc ang
dung dé giai thich cho vat li¢u spin-glass trong
d6 co tinh dén tuong tac gitra cac hat nano.
Theo md hinh nay, gian dd nang luong cla cac
md men tir c6 dang gom nhiéu cyc tiéu nang
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Hinh 10. Sy thay ddi tir d6 theo thoi gian dudi
tac dung cia tir truong-3 kOe va 3 kOe.

lwvong (thung ling nang lvgng). Khi tang tu
truong -3000 Oe |én -2500 Oe nhu ¢ hinh 6,
trén gian d6 niang luong s3 xuat hién mot sb cuc
tiéu nang luong (hinh 8). Vi dy, hai cyuc tiéu
ban dau (hinh 8.8) dwgc tach thanh 4 cyc tiéu
nang Iuong (hinh 8.b). Nguoc lai, néu glam tu
truong xu0ng -3500 Oethi mgt sd cyc tiéu nang
lugng bién mat. X&c suat dao tir phu thuoc
nhiéu vao ning luong ndy. Khi tir truong tir
-3000 Oe thay d6i thanh -2500 Oe s& c6 mot sb
cac md men tir dao chiéu s& it hon do c6 nhiéu
cuc tiéu nang luong cho mé men tir. Trén hinh
8, quatrinh di tir nhiéu cuc tiéu nang lugng dén
it cuc tiéu nang luong s& tu chung thanh gian do
8.a. Qua trinh nguoc lai thi ¢4 thé cd nhiéu
cach, vi du tir hinh 8.a thanh 8.b hoic 8.b thanh
8.c. Khi tir truong téc dung quay tré lai gia tri
-3000 Oe thi sb cuc tiéu nang lugng tre lai nhu
cii. Hé tiép tuc suy giam tir d6 nhu trugc khi
thay d6i tir truong. Néu mo hinh trén [a dung thi
khi dat mot tir truong &m hon tir truong ban
dau, vi dy, -3500 Oethi hién tuong nhé tir khéng
thé xay ravi sb cuc tiéu nang lugng & -3500 Oe
it hon sb cuc tiéu nang luong ¢ -3000 Oe Piéu
ndy duoc thiy trong hinh 10. Gia tri tir d6 sau
khi tro lai tir truong ban dau hoan toan khéc gia
tri tir do trugc khi thay doi. Biéu nay cho thay
md hinh th bac nang luong c6 thé dugc &p
dung dé giai thich hiéu ang nho tir.
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Khi tir truong thay doi quéa khac so véi tir
truong ban dau, vi du ngugc huéng so voi tir
truong ban dau thi khi quay tre lai tir truong
ban dau, cac gian d6 nang luong bi thay doi
hoadn todn nén hién tugng nha tir khdng xay ra
biéu nay dugc chiing minh trén hinh 10. Tu
truong ban dau 1a -3000 Oe, thay d6i thanh
3000 Oe, rdi quay tro lai -3000 Oe. Giatri tir do
trugc va sau khi thay doi khac nhau hoan toan.
Nguoc lai, khi tir truong thay doi khéng khac
biét nhidu tir truong ban dau, gian d6 nang
lwong cia chi thay doi chdt it thi hién tugng
nhé tir ciing khdng xay ravi cac md men tir van
tiép tuc dao huong dudi tir truong méi (hinh 7).
Nhu vay ton tai mot gid tri tir truong ma khi
thay d6i hiéu ang nho tir xay ra. D6 latir truong
du 16n ¢¢ md men tir khéng thé dao nguoc va
dua nho dé khdng thé pha v& ciu tric ning
lugng caa hé.

K ét luan

Lan dau tién hiéu tng nhé tir dugc phét
hién khi nghién ciru tinh chat tir dong cia hé vat
lieu nano té hop. Hiéu tng ¢ thé dugc giai
thich bang md hinh thir bac niang luong.
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Magnetic memory effect in hard magnetic nanomaterials
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Magnetic memory effect has been found when studying dynamic magnetic properties of nano
exchange spring magnets FeCo/(Nd, Pr),Fe;4B for the first time This effect can be explained by using
the hierarchical model. During magnetic reversal, the applied magnetic field is changed. If the
changing in the magnetic fid d is significant, the magnetic memory effect is found. When the changing
is too small or to much, energy landscape does not change so much or changes completdy the

magnetic memory effect does not occur.



