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Hiéu ing nho tir trong vat liéu tur cirng FeCo/(Nd, Pr),Fe ,B

Nguyén Hoang Hai’

Trung tam Khoa hoc Vat liéu, Khoa Vat ly, Truomg Pai hoc Khoa hoc Tw nhién, DHOQGHN
334 Nguyen Trai, Ha N¢i, Viét Nam

Nhén ngay 5 thang 2 nam 2009

Toém tit.

Hiéu ung nho tir khi nghién ciru tinh chat dong cla vit liéu nano té hop

FeCo/(Nd, Pr),Fe, B lan ddu tién dugc phat hién va giai thich trén mé hinh tha bac ning lugng.
Trong qua trinh dao tir, tir truémg ngoai thay déi c6 gia trj duong hon dang ké so voi tir truomg
ngugc ban dau thi hi¢u img nho tir xay ra. Truong hop tir truong ngugc thay d6i khong dang ké
(cdu trac ndng luong khong thay ddi nhiéu) hoac thay ddi qua nhiéu (cu tric nang lugng hoan
toan thay d6i) thi hién tuong nho tr khong xay ra.

Tt khéa: Hiéu umg nhd tu, Exchange spring, Vat liéu tur cirng, 2:14:1.

1. Mé& diu

Vit lidu tir cimg cé chira dat hiém va kim
loai chuyén tiép (vat licu R-T) la m¢ét trong
nhung do1 tegng nghién cuau nhiéu nhit trong w
hoc vi cac dic tinh quy bau cua loai vat li¢u nay
c6 thé (mg dung dé lam nam cham vinh ciru [1].
Vit liéu duge coi la cé tinh tir cing tot la vat
liéu co tir d§ bdo hoa A Idm va cé lyc khang tir
I, cao. Tinh tua cung cua vat li¢u R-T xuat phat
tir sy két hop giira mé men tir lon cua kim loai
chuyén tiép va di hudng tir rit manh co trong
cac kim loai dat hiém [2]. Tuy nhién do sy pha
lodng tir khi c6 mat cua cac kim loai dat hiém &
nhiét d¢ phong ma cac vat liéu tir cing thudong
kho dat tir d§ bao hoa cao. Vat li¢u tir c6 tir do
bdo hoa cao thudng xuat hién trong cac vat hi¢u
tr mém co thanh phan chi yéu 1a kim loai
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chuyén tiép. Dé co thé co M, va I, 16n, ngudi ta
da tao ra vat liéu td hgp exchange-spring (ES)
gé)m vat li¢u tir cirng va tu mém c¢6 kich thude
nm [3]. O kich thude vai nm nho hon dé dai
lien k¢t trao do1 trong vat ligu sat tu, qua trinh
dao tir cia m6 men tir ca pha tir mém bj ham
bai di hudng tir lon cha pha tir cing. Két qua la
vat li¢u c6 ca hai wu diém cia pha tir mém va tir
cirng dugc hinh thanh.

Trung tim Khoa hoc Vit li¢u di co nhicu
nam nghién ciru vé vit li¢u ES tao thanh tir a-
FeCo ¢o6 vai tro nhu pha tu mém va Pr,Fe, B
(2:14:1) co vai tro nhu pha ttr cing [4]. Vit lidu
tir nay co6 gia try tr d§ bao hoa dat dén 12 kG,
luc khang tir 3,8 kOg, tich nang lugng cyc dai
(BH)max 17,8 MGOe. Ngoai vu diém tir tir 46 va
lwc khang tir, vat li¢u con c6 gia thanh ré hon
do ¢6 it dit hiém. Ti phan dat hiém chi chiém
khoang 4% nguyén ta trong khi vat li¢u thong
thuong (2:14:1) ¢6 chira dén 12% nguyén tir,
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Vai vit ligu tr cang, hién tugng tr dong
lién quan dén hi¢u ing nhot tir 1a mot van dé
dugc nghién ciru tir 1du [S]. Vat Liéu tir cang c6
dd nhot tir cao cé thé do duge bing cac may do
thong thuong. Thong qua hi¢u ung nhot tir ma
nguoi ta co thé rat ra cac co ché quan trong
trong viéc tim ra ban chit cta qua trinh quay
ctia ¢cac md men tir va co ché cua luc khang tir
trong vat liéu [6]. M&i day, ching toi dd cong
bd nghién ciru ban dau lién quan dén hiu ing
nhd khi nghién ciru tinh chat tir dong cua vat
lidu 6 hop a-FeCo/PriFe B [4]. TOm tit phat
hi¢gn nhu sau: vat liéu tir cirng duge bdo hoa
trong tu truong cao (duong) ngay sau do dat
mot tr truong ngodi ngugce hudng v tir truong
ban diu (am) nhung nho hon, vi dy, -3 kOe
chang han. Do tir truomg doi chiéu nén cac mé
men tir trong vat liGu sé quay theo chiéu tir
truong. Vi la vat lidu tir cirng ¢ d¢ nhét tir cao
nén su quay nay khong dién ra ngay lap tirc ma
dién ra di chim dé co thé do dugc bang cac
may do tir thong thuong. Su quay cia cac mo
men tr lam cho tir d§ cua vat li¢u suy giam theo
thoi gian. Quy {uat suy giam cua tir dg theo thoi
gian AM(r) thong thuong theo ham mi. Tu sy suy
giam do nguoi ta tinh d§ nhot tr § = dM/d(Ine).
D6 la dic¢u nguoi ta di bict tir lau. Nhung bay
gio, trong quad trinh dao tir dudi tr trudmg
ngugc -3 kOe, ta thay doi thanh -2,5 kOe thi gia
tri tr do tang ddt ngdt. Giir tir truong -2,5 kOe
trong mét khoang thai gian nhat dinh réi trd lai
gia trj ban dau la -3 kOe thi tir d¢ lai giam dot
ngdt. Diéu dang chi y la gia tri khi giam d6t
ngdt ding bang gia tri nhu trudc khi tang tir
truong. Vat li¢u tr duong nhu nhd dugc trang
thai tir trude khi thay di tir truong trong qua
trinh suy giam theo thoi gian. Mgt hién tugng
nhé tir tuong ty duge tim thay khi nghién ciru
su suy giam cua tor d§ theo thoi gian cia hé
nano tir tinh c6 tuong tac trao ddi yéu nhung

thay cho viéc thay déi tir truong, ngudi ta thay
d6i nhiét do [7]. Diéu khic biét & nghién ciru
cua ching toi la tim ra hi¢u ang nhd tir khi thay
dbi tir trudng va nghién ciru trong hé c6 twong
tac trao déi manh. Tuy nhién co ché giai thich
cho hi¢u ang nhd tr chua dugc giai thich rd
rang. Bai bao niy céng bd két qua nghién ciru
vé hiéu ung nhd tir trén hé vat liéu té hop
FeCo/(Nd, Pr),Fe,4B.

2. Thue nghi¢ém

Vit liéu tir nano t6 hop duogc ché tao bfing
phuong phip ngudi nhanh két hgp 4 nhiét tao
pha di dugc trinh bay & m¢t bai bao khac [8].
Céc phép do tir tinh duge do bing tir ké mau
rung DMS 880 véi tir truong t6i da 13,5 kOe.

3. Két qua va thao luin

Dudmng cong tir hoa cua vat liéu td hgp duge
cho ¥ trong hinh 1. Két qua cho thdy day 1a vat
li¢u tr cimg v gia trj tir d§ bio hoa dat 140
emu/g va luyc khang tr A, dat 2,8 kOe. D$
vudng cua dudng cong tir d§ duge dinh nghia la
M/M, dat gia tri 0,9. Hinh 2 1a két qua phép do
dudng cong tir du ding nhiét (isothermal
remanent magnetization - IRM) va dudng cong
khir tir mét chiéu (dc demagnetization - DCD).
Budng cong IRM thu duge chinh 1a tir du Mgy
khi mau bj khir tir hoan toan, tir du dugc do tai
tir trudng bang khong sau khi dat mot tir truong
khdc nhau trong mdt thoi gian 5 s. Tir trudng
ngoai do6 tang tir khong dén 13,5 kOe. Puong
cong DCD chinh la t&r du Mpcp thu duge khi
mau bj tir héa dén tir truomg 13,5 kOe sau do
dat mt tr truong nguoc tic duyng trong mét
thoi gian 5 s rdi tit tir treong. Diém khac biét
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Hinh 1. Duong cong tir héa cia vt liéu té hop
FCCO/(Nd, Pr)zFeMB.
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Hinh 2. Buomg cong Mgy va MDCD va AM (hinh
nho) cua vét liéu t6 hop.

quan trong & hai dwong nay la duomg IRM bit
dau & trang thai khir tir, duomg DCD bit dau tir
trang thai bao hoa tir. PSi voi hé gdm cac hat
khéng tuong tac thi hé thic Wohlfarth dugc
théa man [9]. Tiac 1a 1 — 2mypy = Mmpcp, trong
dé m = M/M,. Ngudi ta dinh nghia mot thong s6
AM = mpcp — (1 = 2mypay) thé hién cho tuong tac
giira cac hat trong hé. Néu théng sd AM la 4m
thi cac hat trong hé dugc dic¢u khién chi yéu bai
tuong tac ludng cyc, tic 13 hé dé dang b} khir tir
hon la bj tir héa. Nguge lai néu gia trj nay la
duong thi hé dugc diéu khién chu yéu bai tuong
tac trao d6i. Néu bing khong thi cac hat trong
hé khéng cé tuong tac. Hinh 2 cho thiy hé tb
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Hinh 3. Dudng tir héa 1ap cia hé nano té hop.
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Hinh 4. Syr suy giam tir d¢ tai tu truong -3 kQe.

hop c6 tuong tic trao déi manh thé hién dac
diém cia hé nam chim ES. Diéu ndy dugce
khing dinh thém tir duong cong lap (recoil) &
vung tir trudng ngugc va nho ¢ hinh 3 trong do
chi rd cac dudng tir 13p s€ trung nhau ¢ vung tir
truomg thap.

Sy suy giam tir d§ theo thdi gian ciua vat
liéu td hop FeCo/(Nd, Pr),Fe 4B sau khi tir hoa
bao hoa & tir trudomg +13,5 kOe rdi dao tir vé gia
trj -3 kOe dugc cho trong hinh 4. S suy gidm
nay tuadn theo ham mid. B nhdt tir duge xac
dinh tir cong thirc § = dM/d(Inr). Khoang thai
gian trong nghién ciru nay téi da la 900 s. Bay
gidr, trong qua trinh suy giam tir 43 ta thay doi
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Hinh S. Sy suy giam tir dg theo thdi gian du6i
tic dung cua tir trudmg ngugc -3000 Oe va
-2500 Oe. Thoi gian thay d6i tir truémg la 100s,
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Hinh 6. Su suy giam tir d§ theo thai gian dudi

tac dung cua tir trudng nguoc -3 kOe va
-2,5 kOe. Thai gian thay doi tir truomg 1a 350 s.

gia trj tir truomg nhumg van giir 1a nguge huong
so voi phuong tir hoa bdo hoa (tic la tir truong
ngoai ¢6 gia tri am) thi gia tri tir do thay ddi dot
ngot. Trén hinh S cho thdy, sau khi suy giam
trong 150 s dudi tac dung cua tir truomg -3 kOe
(ki hiéu 1a 150 s, -3 kOe), ta tic dung mdt tir
truong -2,5 kOe trong thoi gian 100 s rdi lai tro
lai -3 kOe. Ta thdy, tir 46 giam theo ham mii &
doan (150 s, -3 kOe), ting d{t ngdt va nim
ngang & doan (100 s, -3 kQe), tiép tuc giam
theo ham mi & (150 s, -3 kOe), nim ngang &
(100 s, -2,5 kOe) ké tiép. Qua trinh dé dugc 13p
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Hinh 7. Sy suy giam tir 4§ theo thoi gian dudi

tac dung cua tir tredmng ngugce -3000 Oe va
-2970 Oe. Thoi gian thay d6i tir trudmg 1a 350 s.
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Hinh 8. Gian d6 nang lugng cia hé nano té hgp
phu thudc vao tir truong ngoai: (a) -3000 Oe;
(b, c) -2500 Oe.

di 13p lai ba lan. Diéu dang chu y la gia trj tir o
cudi ciia (150 s, -3 kOe) ban dau bing gia trj tir
do dau caa (150 s, -3 kOe) thir hai. Gia tri tir d6
cudi cua (150 s, -3 kOe) thir hai bing gia trj tir
46 diu cta (150 s, -3 kOe) thir ba. Dudong nhu
trang thai tir ciia hé sau khi thay ddi tir truong
-2,5 kOe nh¢ dugc gia tr tir d trude khi thay
d3i. Hién tuong tuong tu dugc quan sat khi thay
dbi thoi gian tac dung tir trudmg (350 s) nhu
dugc moé ta trong hinh 6. Hi¢n tugng nha tir
nhur duge mé ta khéng xuit hién khi tir truomg
dang & -3000 Oe dbi thanh mét gia trj Iém hon
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Hinh 9. Su suy giam tir d6 theo thoi gian dudi
tac dung cua tir truomg ngugce -3 kOe va
-3,5 kOe. Thei gian thay d6i tir truomg 1a 350 s.

gin né la -2970 Oe. O day, trong thoi ki tir
truong thay dbi, tir 46 van suy giam, mic du
cham hon so vai tir truomg -3000 Oe. Khi tra lai
gia trj -3000 Oe, gia trj tir dd khong con gidng
nhu trude khi thay doi tir trudong nita. Hién
tugng tuong tu ra khi thay déi tr truomg thanh
-2980 Oe va -2990 Oe (dir li¢u tuong ty khong
thé hién trong bai bao nay). Tir d6 co6 thay déi
dat ngdt mot chat khi tir truomg ngoai thay déi
tuy nhién trong qua trinh tir truomg -2990 Oe
tac dung, tir dd suy giam chir khong nam ngang
nhu trurong hgp & hinh 6. Khi trd lai gia tri ban
diu, tir 46 thay ddi dot ngdt mét 1an nira nhung
khong bang gia trj trude khi thay dbi. Nhu vay
la néu tir truong thay ddi 16m hom dang ké tir
truomg ngoai dit vao ban dau va duong hon thi
hé¢ c6 kha ning nhd trang thai tir, tir truémg nho
hon khong dang ké thi khéng thé nhé duge
trang thai tir. Day la 14 diu tién hién twong nho
tir trong hé vat li€u cé tuong tac manh.

Hién tugng nhd tir c6 thé dugc giai thich
trén co s mdé hinh thir bac niang lugng [10]
(hterarchlcal model) moé hinh nay dugc ung
dung d¢é giai thich cho vat liéu spin-glass trong
do c6 tinh dén twong tac gilta ciac hat nano.
Theo mo6 hinh nay, gian do nang lugng cia cac
mé men tir c6 dang gom nhiéu cyc tiéu ning
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Hinh 10. Sy thay dbi tir 46 theo thoi gian duéi
tac dung cua tir trudmg-3 kOe va 3 kOe.

lugng (thung liing ndng lugng). Khi ting tu
truomg -3000 Oe lén -2500 Oe nhu ¢ hinh 6,
trén gian do ning lugng sé xuit hién mét sd curc
tiéu nang lugng (hinh 8). Vi du, hai cyc tiéu
ban diu (hinh 8.a) dugc tach thanh 4 cyc tiéu
ning lugng (hinh 8.b). Nguoc lai, néu giam tir
truong xudng -3500 Oe thi mot s6 cuc tiéu nang
luong bién mit. Xac suit diao tir phu thudc
nhiéu vao nang lugng nay. Khi tir truong tir
-3000 Oe thay dbi thanh -2500 Oe s& c6 mét sb
cac moé men tu dao chicu sé it hon do co nhiéu
cire tiéu ning Iugng cho mé men tir. Trén hinh
8, qua trinh di tu nhiéu cyc tiéu ning lugng dén
it cyc tiéu nang lugng sé tu chung thanh gian db
8.a. Qua trinh ngugc lai thi cé thé cé nhiéu
cach, vi du tur hinh 8.a thanh 8.b hodc 8.b thanh
8.c. Khi tir trudmg tac dung quay trd lai gia tri
-3000 Oe thi s6 cyc tiéu nang lugng trd lai nhu
cii. Hé tiép tuc suy giam tir d6 nhu trude khi
thay dbi tir truong. Néu md hinh trén 1a ding thi
khi dat mét tr truong 4am hon tir truong ban
dau, vi dy, -3500 Oe thl hi¢n trgng nhd tir khong
thé xay ra vi s6 cye tiéu nang lugng & -3500 Oe
it ion s cuc tiéu ning lugng & -3000 Oe. Diéu
nay dugc thiy trong hinh 10. Gia trj tir 4 sau
khi tro lai tr truomg ban 4du hoan toan khac gia
trj tir d9 trude khi thay doi. Diéu nay cho thiy
md hinh thir bic ning lugng c6 thé dugc ap
dung dé giai thich hi¢u img nh tir.
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Khi tir truomg thay ddi qua khac so voi tir
trudng ban diu, vi du ngugc hudng so voi tir
truong ban ddu thi khi quay tro lai tir truomg
ban diu, cac gian d6 ning lugng bj thay dbi
hoan toan nén hién tugng nhd tir khdng xay ra.
Diéu nay dugc chiung minh trén hinh 10. Tir
truomg ban diu 1a -3000 Oe, thay d6i thanh
3000 Oe, rbi quay tro lai -3000 Oe. Gia trj tu d9
trudc va sau khi thay d6i khac nhau hoan toan.
Nguge lai, khi tir truomg thay doi khong khac
biét nhicu tir truomg ban dau, gian do nang
luong cua chi thay ddi chat it thi hién tugng
nhd tir cing khong xay ra vi cac mo men tir van
tiép tuc dao hudmg dudi tir truong mai (hinh 7).
Nhu vay ton tai mot gia tri tir truong ma khi
thay d6i hi¢u img nhé tir xay ra. D6 1a tir truong
du lon dé mé men tir khong thé dao nguge va
di nho dé khéng thé pha v& cdu tric nang
luong cua hé.

£ -
Ket luan

Lin dau tién hi¢u img nhé tir dugc phit
hién khi ng,hu,n ciru tinh chit tir dong cua hé vat
licu nano td hop. Hi¢u ung co thé dugc giai
thich bing mé hinh thir bic ning legng.
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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
cxchange spring magnets FeCo/(Nd, Pr),Fe, ;B 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 field is significant, the magnetic memory effect i1s found. When the changing
is too small or to much, energy landscape does not change so much or changes completely the

magnctic memory effect does not occur.



