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Tém tét:

Tit tinh md hinh Cobalt tinh thé vA md hinh Cobalt v6 dinh hinh 1000 hat dugc nghién
cifu bing phudng phdp Monte-Carlo va md hinh Ising. Tich phdn trao d6i dugc ding
nhu mot ham chi phu thudc vio khodng cdch giita cdc nguyén tif. Nhiét do Curie clia
m6 hinh Cobalt tinh thé vi Cobalt v dinh hinh dugc xdc dinh I1dn lugt 12 1380 K va
1100 K phd hop rét t6t v6i thuc nghiém. & nhiét 6 thap, do tir héa ty phat cla Cobalt
v6 dinh hinh bing khodng 99% ciia Co tinh thé&, diéu nay hoan toan phd hgp véi s6 liéu
thuc nghiém. D9 tir héa cia Co tinh thé va v6 dinh hinh (VDH) bién d8i phd hgp dinh
luit Bloch & nhiét d6 thip Va dinh ludt Weiss & nhiét do cao. Lin du tién, ti tinh dia
phuong clia md hinh Cobalt v6 dinh hinh dudc khdo sdt qua phan b8 Spin trong md
hinh.

L  Gidithiéu

Tt tinh kim loai v dinh hinh (VDH) dudc nghién ciu bing nhiéu phudng phdp
thyc nghiém va md hinh h6a (MHH) trén mdy tinh trong thi gian gan day, bdi vi trién
vong tng dung rat thuc t&€ vit liéu tit vo dinh hinh rit 16n. Béng thuc nghi¢m, moment
tif nguyén tif va nhiét do Curie dugc xdc dinh cho hang loat hdp kim Co-B, Co-P, Fe-B
va Fe-P [1-4]. Cic kim loai VDH nhu Fe, Co, Ni vdi khodng 5% tap chat cling dudc
nghién citu trong cdc cong trinh [5,6,7].

Tuy nhién, ban chat ciia tudng tdc trao ddi gitta c4c spin trong vt liéu VDH van
con 1a didu bi £n. Mot s8 téc gid cho ring tudng téc trao ddi gilta cdc spin trong kim
loai VDH phu thudc nhiéu hon vao sG phoi vi [8], s6 khac lai cho ring biéu thic nay
phu thudc hon vao khodng céch gilfa cdc nguyén t [9].

Trong cdng trinh nay, tif tinh m6 hinh Cobalt tinh thé (fcc) va md hinh Cobalt
VPH dudgc tinh bing phudng phdp Monte-Carlo trong md hinh Ising. M6 hinh Co VDH
chia 1000 hat trong kh&i 14p phudng vdi diéu kién bién tuan hoan [10]. M6 hinh fec Co
chifa 864 hat. Ban ddu mdi nguyén tit trong md hinh dugc gn cho mdt spin (S,) ¢6
chidu hudng 1én trén. Ning ludng tudng téc trao ddi dudc tinh theo cong thifc:
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E,=-2) 4SS, ¢))
ij
trong d6 S, S, c6 thé c6 gid tri + 1; a 1a tich phén trao ddi.

Ning lugng dudc tinh gifta spin trung tdm va cdc spin ldn cén gidi han bdi ban
kinh tdc dung r, = 3,3.107"° m ctia biéu thic A

P3&i vdi Cobalt dang tinh thé 1An VDH khong cé sd liéu thyc nghiém ching té
ring A phu thudc vao s& phdi vi. Do vay, biu thic A dugc chon nhu mdt ham s6 chi
phu thu6c vao khodng céch giita cdc nguyén tt, sao cho khi diing dé tinh tit tinh Cobalt
tinh thé thi nhiét d§ Curie cia md hinh Cobalt tinh thé phit hgp t&t vdi thuc nghiém.
Cudi cling, biéu thitc duge chon nhu sau:

217,9595 <247
200, Lppexy| 2L 2,47 <r <33 @
k 0,075
0 r>33

k — Hiing s6 Boltzmann;
r — khodng cdch giita c4c spin, tinh bing don vi 10 "°m
Phuong phdp tinh : Ban dau gén cho titng nguyén t¥ 1 spin c¢é chiéu hudng 1&n (S=1),

tinh ndng lugng tudng t tac trao »d01 E ciia spin thif nhdt véi cdc spin ldn cén trong mat
ciu phdi vi thit nha't (r,=-3,3.10 " m) theo cong thifc (1). X4c dinh x4c suit ton tai

cia trang thdi véi ndng lLr(jng E theo cdng thifc sau:

Wit 3)

14+ ekt

Vi so sdnh w véi mdt s& ngiu nhién 0 < p < 1 (cho bdi hAm Random cia Turbo
Pascal) .

Né&u w < p thi d8i chiéu spin clia nguyén t vira xét (S = 1), n€u w > p thi tam
chdp nhdn chiéu spin clia nguyén t vita xét, chuyén sang thit di chi€u cdc spin con lai
trong md hinh biing cdch nhtt vira néu trén va 14p lai qué trinh thi¥ ddi chiéu spin nhiéu
lan cho tat cd cdc nguyén tif trong md hinh, cho dén khi dat trang thdi cAn biing spin.
Sau khodng 1000 lan thit d8i chiéu cla tirng spin, ti€n hanh thém 10% d8i chiéu timg
spin d€ tinh gid tri trung binh d§ tir héa, d6 1éch quan phudng...

II.  Két qua va thdo luin:

1/ K&t qud m6 hinh héa tit md hinh cobalt tinh thé 864 hat (fcc).

Su phu thudc d tir héa tu phdt cia mo6 hinh I vao nhiét do T (k - hing s&

Boltzmann ) dudc thé hién qua hinh 1. ( Inax — gid tri cyc dai clia I khi todn b

spin déu hudng 1én trén ). Nhiét do Curie clia md hinh c6 thé x4c dinh theo sy
phu thudc o/c, vao nhiét d§. (c - d6 1éch quin phuong ciia tong spin trong hé
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1/ Imax|

céc spin khong tuong tic, o, = YN, N — 12 tdng s6 hat trong md hinh). (xem
hinh 1).

Cuc dai cia dudng cong nay tuong dng vdi nhiét A6 Curie cda mo hinh
Cobalt tinh thé ( fcc) T. = 1380 K, gid tri ndy rdt gan véi s6 liéu thuc nghiém
(T, = 1388K[11]). '

St phu thudc Ve vio (T/Te)* c6 thé khio sit qua hinh 2. C6 thé thdy
ring & nhiét d thap thi sy phu thudc nay 1 tuy&n tinh, diéu nay ching td ring
dinh lut Bloch diing cho trudng hgp Cobalt tinh thé:

Vlmax = 1 - B(T/Te)*” .4

V6i md hinh fcc Co vita néu, hé s§ p = 0,102. & nhiét d6 cao gin T, dd

tir héa fec Co bién ddi theo dinh luat Weiss [9] :

Wmax =7 V1-T/Tc , %)
Vi hé s6 y duge x4c dinh 12 1,5 (xem hinh 5). Gi4 tri ndy phd hop véi
cdc gid tri cho trudng hgp vat liu tif tinh thé (y=1,5+2[9]).
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Hinh 1: TU tinh md hinh Cobalt tinh thé
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Hinh 2: Sy phu thuge VImax mo hinh Cobalt vao (T/Tc)’
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Hinh 2: Sy phu thudc Ul md hinh Cobalt Vao (T/Te)*
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Hinh 3: Tir tinh md hinh Cobalt VPH
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Hinh 4: Sy phan bg spin trong mé hinh Cobalt VDH
T<=300 K
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Hinh 5: Syt phy thudc (I/Imay)> mé hinh Cobalt vao (T/T¢)
000 Cobalt VBPH
e e e (Cobalt tinh thé.
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2/ K&t qua md hinh héa ti¥ tinh m6 hinh Cobalt VPH 1000 hat.

M6 hinh Cobalt VPH 1000 hat dung bing phudng phép Statical
Relaxation va cdu tric md hinh phd hop rét t6t véi thyc nghiém, chi ti€t vé cdu
tric md hinh nay c6 thé xem trong [10].

Tit tinh md hinh Cobalt VPH dugc nghién cttu bing phuong phédp tuong
t nhy d8i véi md hinh Cobalt tinh thé vdi cling mdt biéu thic tich phin trao ddi
(2). Sy phu thudc Vlmax va o/, clia md hinh vao T cé thé xem trén hinh 3.

Su phu thudc Il cia Cobalt VBH vao nhiét d§ c¢é khdc mét it so véi
m6 hinh Fe VDH [8], bdi vi bén trong md hinh Cobalt VDH khong c6 cdc ving
vi md mang tif tinh nghich tif nhu trong mé hinh Fe VDH.

Nhiét do Curie T, cia md hinh Cobalt VDH c6 thé x4c dinh qua sy phu
thudc o/o, vao nhiét df, cuc dai sy phu thudc nay tuong ng nhi€t dd Curie T, =
1100 K. Vi khong c6 s6 liéu thuc nghiém gid tri T, ddi véi Cobalt VDH nén cé
thé tim gn ding bing phudng phdp ngoai suy tif cdc gid tri thyc nghiém T, cda
hgp kim hé Co-B [1]. Khi d6 T. = 1125 K, nhu vdy nhiét d§ Curie ctia md hinh
Cobalt VPH xem nhu tring vdi gid tri ngoai suy nay. V48i mo hinh Cobalt VDH
ta c6 ty 18 (Tc vor / Te tinh né ) = 0,79 rat gan véi trudng hgp Nickel ( 0,6 + 0,8
[12,13]). Nhiét do Curie ctia mb hinh Cobalt VDH cao hon khé nhiéu so v6i md
hinh Fe VPH (T, = 400 K[8] ).

Do dé dd tit héa thuc t€ ty 1& vdi Pegect .1, Vi Cobalt ta c6 ty 1€ gitta d6 ti
héa ty phét ctia Cobalt VDH va Cobalt tinh thé & nhiét d§ thdp la:

o= (Ivon / Linh wé) = (1,70.1/1,714.Inax)

Trong d6, moment tif nguyén ti ctia Cobalt VDH 12 Pefect = 1,70 ppg. Theo
hinh 3, & nhiét d6 T = 100 K tj 18 (V) = 1. Do d6, nhiét do thip o = 0,99.
Nhu vy, do tit héa ty phdt cia md hinh Cobalt VPH & nhiét d thap it hon so
v8i Cobalt tinh th€ 1%, diéu ndy xem nhu hoan toan phd hgp vdi thuc nghiém,
theo k&t qua thyc nghiém cla cong trinh [6] a = 0,95. Tuy nhién, mau Cobalt
VDH ma céc tdc gia ding trong [6] c6 chita d€n 5% tap chit.

Qua hinh 2, ¢6 thé thdy & nhiét d6 T < 500K thi sy phu thudc Vlmax vao
(T/T.) 1a tuyén tinh. Nhu vdy, dinh ludt Bloch vdn ding cho Cobalt VDH v6i T <
500K. K&t qui thuc nghiém ciing cho thdy dinh luit Bloch vin ding cho cd Fe
VDH [7]. Trong trudng hgp md hinh Co VDH hé s6 B = 0,137 16n hon so vdi Co
tinh thé (xem & trén). Piéu nay lién quan dén sy gidm gid trj trung binh cla dai
lugng tich phan trao ddi A trong vat liéu v dinh hinh, din dén sy gidm nhiét do
Curie T, so vdi tinh thé.

P tir héa tu phdt cia Co VDH & nhiét d cao (ving gan T, ) bién ddi
phit hop vdi dinh ludt Weiss vdi hé s8 y=1,28 nhd hdn so vdi tinh thé (xem hinh
5)

Mot trong nhitng diéu dugc quan tdm khi nghién cifu tif tinh 1a khao sdt
st phan b8 spin trong kim loai VDH. Diéu nay chi ¢6 thé khdo sét chi ti€t bing
m6 hinh héa trén mdy tinh. Lin diu tién, mdt khdo sdt nhu vay dude tién hanh
vdi m6 hinh Cobalt VPH & cdc nhiét do khdc nhau. K&t qud dugc trinh bay &
hinh 4. Phuong phép tinh phan b3 spin dudc ti€n hanh nhy sau: 1an lugt 14y ting
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nguyén ti 1am tdm mdt mit ciu ban kinh 1, = 3,3.10%m, d6 tir héa tu phét clda
viing gidi han bén trong mit ciu dudc tinh qua hiéu cla tng s§ spin hudng 1én
va tdng s8 spin hudng xudng ké ca spin trung tAm.

AN =NT-N{ (6)

N7T, N 14n lugt 13 t8ng s8 spin hudng 1én hodc hudng xubng (6) trong
viing gidi han bdi mit ciu bén kinh r, = 3,33.10°m.

Qua bang 1 va hinh 4 ta thiy & nhiét d6 T < 300K phin 16n c4c nguyén
ti Cobalt nim trong ving gidi han AN = 14-15, c6 22 nguyén t& ndm trong
viing ¢6 AN=17 va 10 nguyén ti ndm trong ving c6 AN = 12. Nhitng AN = 17
xem nhu viing vi md ¢ tinh sit tif manh, ngugc lai lai viing ¢6 AN = 12 xem nhu
viing vi md c6 tinh sdt tit yéu.

Nhiét dd cang lén cao, sy phin bd spin trong md hinh cang rdng, trong
mé hinh vin tdn tai nhitng viing vi md c6 tinh st tif manh, va ngugc lai ton tai
nhitng viing c6 tinh st tif rat y€u (xem bang 1).

Nhu vdy, trong m6 hinh cobalt VDH du khong c6 cdc viing vi md c¢é tinh
nghich ti¥, nhung sy phan b& spin trong md hinh 13 khong dong nhit, tao thanh
nhitng viing vi md c6 tinh st tit manh hay y&u khédc nhau, diéu nay lién quan
dén ciu tric vi md khong déng nhit cia md hinh kim loai VPH. G nhiét do
thap sy phan b& spin trong md hinh Cobalt VDH tudng tf nhu syt phin bd s6
phdi vi trong m6 hinh. (xem [10]).
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Béng 1: _' Su phin bd spin trong md hinh Cobalt v4 dinh hinh 1000 hat.

AN - hiéu t8ng s& spin huéng 1én (NT) va tdng s8 spin huéng xudng
(NY) trong mit cdu thé tich V = %‘n I} To=3,3.10""m.
n - sO nguyén t Cobalt trong md hinh AN tudng tng & cdc nhiét do

khéc nhau .
N - t8ng s6 nguyén t trong mo hinh.

N/N
ANeuron =
NeuronT- N4 100K 300K | 700K 1000K

1 0 0 0 0,004
2 0 0 0 0,012
3 0 0 0 0,014
4 4 0 0 0,002 0,032
5 0 0 0,006 0,028
6 0 0 0,006 0,032
7 0 0 0,012 0,064
8 0 0 0,016 0,096
9 0 0 0,034 0,112
10 0 0 0,056 0,106
11 0 0 0,70 0,134
12 0,010 0,010 |0,104 0,110
13 0,148 0,148 |0,182 0,112
14 0,342 0,342 | 0,238 0,068
15 0,358 0,358 | 0,216 0,056
16 0,120 0,120 | 0,050 0,014
1 0,022 0,022 | 0,008 0,004

18 0 0 0 0

19 0 0 0 0

20 0 0 0 0

m. K&t luin:

- Véi biéu thic tich phin trao d8i dang ham s& phu thudc vao khodng céch giita céc
nguyén ti¥, bing phuong phdp Monte-Carlo trong md hinh Ising c6 thé tinh ti tinh
Cobalt tinh thé va VDH, k&t qua tinh todn phil hgp t6t v6i thuc nghiém.

- D5 tir héa ty phét cia Cobalt VDH & nhiét do thap bing 99% cia dd tit héa tu nhién
Cobalt tinh thé.

- Nhiét d6 Curie ciia Cobalt VDH thdp hon & nhiét d¢ Curie cia Cobalt tinh th€ gan
20%.
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- Su bién thién dd tir héa cia m6 hinh Cobalt tinh thé va VDH theo nhiét do pht hgp
v@i dinh ludt Bloch va dinh luidt Weiss .

- Sy phén b3 spin trong md hinh Cobalt VDH 1a khong dong nhat, trong md hinh
Cobalt VPH tdn tai cdc viing vi md c¢6 tinh sit tit manh hoic y&€u khéc nhau.

LOCAL MAGNETISM IN AMOPHOUS COBALT MODEL
V6 Vin Hoang, T6 B4 Viin, Pham Khiéc Hiung

Abstract:

Magnetism of crystalline and amorphous Cobalt models containing 1000 particles has
been studied using Monte-Carlo method and Ising model. The exchange interaction
parameter has been used as a function of an interparticle distance. The Curie
temperatures of these models have been determined about 1380 K and 1100 K
respectively, which are in good agreement with experimental data.... The spontanneous
magnetization of the amorphous Cobalt at low temperatures is equal about 99% of the
spontaneous magnetization of crystalline Cobalt. Magnetizations of the fcc and
amorphous Co follow Bloch’s law at low tempperatures and followWeiss's law at high

temperatures. Local magnetism in the amorphous Cobalt model has been investigated
by the spin distribution in the model.
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