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SU ANH HUONG CUA NONG PQ TAP CHAT B LEN VI CAU TRUC
VA QUA TRINH TINH THE HOA CUA MO HINH HAT NANO Fe B
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Tém tit

Bai bdo nay nghién cieu sy dnh hwéng ciia nong do tap chdt B 1én vi cau triic va qud trinh tinh thé
héa ciua mo hinh hat nano Fe, B_(voix = ]%, 3%, 5%). Cac hat nano Fe, B, C‘il/t’_O’C tao ra tir phuong
phap moé phong dong luc hoc phdn tw voi the twong tac cap Pak-Doyama va diéu kién bién tu do. Cac
ddc trung vi cdu triic dwoc phan tich qua ham phan bé xuyén tam (RDF), kich thuée hat, ning lirong va
$6 phoi tri. Qud trinh tinh thé héa dwoc xdc dinh thong qua sw tach Pick tai dinh thir hai ciia ham phdn
bo xuyén tam theo cdc bude dich chuyén. Cdc két qua thu dwoc cho thdy, c6 s anh hiong ciia nong dé

tap chat B 1én vi cdu triic va qud trinh tinh thé hoa.

Tir khod: Nong dg tap chat B, vi cdu triic, tinh thé héa, mé hinh hat nano Fe, B, mo phong dong
XX

lyc hoc phan tu.

1. T(K)ng quan

Fe-B 1a hop kim c6 nhiéu tmg dung trong
khoa hoc, cong nghé¢ va cudc séng. Fe-B 1a vat
liéu tr mém duoc tng dung nhiéu trong cong
nghé di¢n tur, siéu dan. Po cung, do bén co hoc
ctia Fe-B phu thudc nhiéu vao thanh phan hoa
hoc. Pién tro suét cua Fe-B vo dinh hinh 16n hon
s0 v6i hop kim Fe-B ¢ trang thai tinh thé va thay
dbi rat it khi nhiét do thay doi. Cac nghién ctu
trude ddy cho thiy, mat do khdi luong Fe-B phu
thudc manh vao néng d0 cac thanh phﬁn a kim
nhu: Fe B, c6 matdo 7,38 g/cm’, Fe, B, c6 mat

d6 7,31 g/cm? yél Fe B, c6 mat do 7,22 g/crp3...
[9]. Vi cac dicu kién va cac phuong phap ché tao
khéac nhau ma Fe-B ¢6 thé ton tai & trang thai tinh
thé hodc trang thai vo dinh hinh. Phuong phap thuc
nghiém (nhiéu xa tia X, nhiéu xa neutron) thuong
duoc str dung dé nghién ctru vi ciu tric cia vat
liéu [3]. Khi sir dung phwong phap nhiéu xa tia
X cho thay, hop kim v6 dinh hinh Fe-B c6 hién
tugng tach Pick tai dinh thtr hai cia ham phan b
xuyén tdm, n6 gidng nhu véi cac hop kim vo dinh
hinh khac Fe-P, Co-B, Co-P va Ni-B [7]. Mot s6
mo hinh khac duoc dung dé nghién ciru Fe-B vo
dinh hinh (nhu mé hinh sap xép cic qua cau cing
cua Boudreaux va cong su) [2]: Ban dau xay dung
mo hinh 2500 nguyén tir, cho dich chuyén thong
ké hoi phuc véi thé tuong tic Lennard - Jones da

® Nghién ctru sinh, Truong Pai hoc Su pham Ha Noi.
" Truong Pai hoc Su pham Ha Nai.
" Hoc vién cao hoc, Truong Dai hoc Su pham Ha Néi.

cho cac két qua: Tai dinh tht hai cia ham phan b
xuyén tam xuét hién hién tuong tach Pick, do cao
cua hai Pick béng nhau, c6 mat dé nhé hon gia tri
thuc nghiém khoang 0,8 g/cm?. Bén canh d6, con
nhiéu nghién ctru khac xac dinh sy phu thudc ctua
néng d% 4 kim B 1én vi céu trac, vi du nghién ctru
mo hinh khéi Fe-B (2000 nguyén tir) voi thé tuong
tac cap Pak-Doyama, diéu kién bién tuan hoan da
duoc thuc hién béi nhom tac gid Vo Van Hoang
[8], mo hinh hat nano FeB ctia nhém tac gia P. H.
Kien va cong sy [10]. Cac nghién ctru vi ciu triic
ctia hat nano sit, hat nano FeB cho théy xuét hién
hién tugng tach Pick tai dinh thtr 2 cia ham phan
bd xuyén tm, day 13 co sé dé giai thich hién tuong
tinh thé hoa cua vat liéu [4], [5], [10]. D4 c6 mot
s6 thé duoc phat trién qua cac nghién ctiu nhu:
Thé More, thé twong tac cip Lennard - Jones, thé
tuong tac cip Pak-Doyama, thé Stillinger - Weber
va thé nhung... tuy nhién, thé tuong tac cip Pak-
Doyama van 14 thé phu hop nhat ddi véi cac mo
hinh ¢6 sb luong 16n nguyén tir, dac biét phu hop
voi vat liéu Fe-B.

2. Phuwong phap nghién ciru

Mé hinh hat nano Fe, B (5000 nguyén tu,
nong do tap chat B 1a x = 1%, 3%, 5%) dugc xay
dung biang phuong phap mé phong dong luc hoc
phan tir (MD) véi thé twong tac cip Pak-Doyama
(1) va diéu kién bién tu do.

a(rij + b)4 + c(rij + d)2 +e khir<r,
0 khi t,>r,

o(r,)= ()
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trong do: (p(l‘ij ) (eV) 1a thé ning twong tac cap; r,
(A) 1a khodng cach giita cic nguyén tir; r_ labéan
kinh ngit (A); cac hé sb a, b, ¢, d va e dugc xac
dinh theo cac thong sb thue nghiém nhu module
dan hoi va hang sé mang [1], [6].

Bang 1. Cac thong sb ciia mé hinh Fe, B

Quan sat Hinh 1 ta t}{éy, hat nano Fe, B_
voi x = 1% c6 dang hinh cau dugc tao boi 2 loai
nguyén tu, trong d6 nguyén tr Fe mau xam, con
nguyén tir B mau den. Tuong ty, Bang 2 cho thay,
cac hat nano Fe, B_ déu co kich thudc nano. Khi
tang nong do tap chat B tir 1% dén 5%

Tltl‘;:g (eV?A“) b (A) (eV;: . dA) | e@v) | @A) thi kich thude cua h@..t khong thay d01?
nang luong cua h¢ giam. Nhu vay, voi

Fe-Fe |-0,18892 |-1,82709 | 1,70192 | -0,50849 | -0,19829 3,44 ndng do tap chét nhé hon 5% chua lam
Fe-B | -0,22407 | -1,47709 | 2,01855 |-2,15849 | -0,23519 | 3,09 thay di cAu trac hinh hoc, nhung khi

B-B | -0,08772|-2,17709 | 0,79028 |-2,85849 | -0,09208 | 3,79 tang nong do tap chét trong Fe, B _s&

Ban dau, cac hat véi khéi luong riéng
p =76 g/em® dugc xdy dung bang cach gieo ngau
nhién cac nguyén tir (phan tir) vao trong khdi hinh
cau c6 ban kinh R =29 A° 1di cho dich chuyén 5.105
budc thong ké hodi phuc vai sé hat, thé tich va nhiét
do khong ddi. Sau do, cac hat dugc tang nhi¢t voi
2.106 budce dich chuyén dé tang nhiét 6 1én 900 K
& ap suat 0 MPa. Tiép theo ta cho dich chuyén 4.107
budc véi s6 hat, thé tich va niang lwong khong doi
dé hé dat trang thai can b'fmg. Cubi cung, dua vao
trang thai can bang dé xac dinh vi cdu tric ciing
nhu qué trinh tinh thé hoa cua cac hat.

3. Két qua va thao luin

MG hinh Fe, B, (5.000 nguyén tir) v&i nong
d0 pha tap chat B 1a x = 1%, 3%, 5% khi dat trang
thai can bang hinh dang ctia hat c6 dang nhu & Hinh
1, kich thudc va nang lugng ctia cac hat dugc thé
hién nhu Bang 2.

Hinh 1. Hinh dang hat nano Fe, B véi x=1%

Bang 2. Kich thwéc va nang lwgng ciia cac hat nano
Fe, B v6ix=1%,3%,5%

Nong do B 1% 3% 5%
Kich thudc (nm) 2,9 2,9 2,9
Ning luong (eV) -1,005 | -1,103 | -1,115
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dan dén ning luong cla hé giam.

Dé tim hi€u sau hon van dé nay, ching to1
khao sat ham phan bo xuyén tam va ket qua duoc
thé hién Hinh 2.

a- ndng dj tap ch{:t Bx=1%

10 I b- ndéng do tap chat B x = 3%
L c- ndng dj tap chiit B x = 5%

a(r)

T r . .
) 5 10 15 20
r(A%)

Hinh 2. Him phén b6 xuyén tim cia hat nano
Fe, B véix=1%,3%,5%

Quan sat Hinh 2 ta thay, cac hat nano fel_xBx
voi x = 1%, 3%, 5% deéu co gia tri dinh dau tién
ctia ham phan bd xuyén tam chiém wu thé va vi
tri dinh ddu tién thay d6i khong dang ké. Két qua
nay chung to, khoang cach ndi phan tur gitra cac
nguyén tir khong phu thudc vao ndng do tap chat
B. Nhu vy, lién két gitra cac nguyén tir trong mo
hinh khong tn tai trat tw xa ma ludn ton tai trat tu
gan. Do cao dinh thir nhat ciia ham phan b xuyén
tam dbi voi hat c6 nong do tap chat B 1% c6 gia
tri 16n nhat. Khi ting ndng do tap chat B 1én thi
d6 cao dinh thir nhét ctia ham phan bd xuyén tam
giam. Két qua nay hoan toan phu hop voi két luan
& trén 13 khi ting ndng do tap chat B dan dén ning
lugng cua h¢ giam.

Chung t6i tiép tuc khao sat s6 phdi tri cua cac
hat va thu dugc két qua nhu Hinh 3.
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Hinh 3. S6 phdi tri cia hat
Fe, B v6ix=1%,3%,5%

Két qua Hinh 3 cho thiy, s6 phdi tri ciia cac
h@t nano Fe, B ¢ gia tri }4 lég chu yéu. Khi tét}g
nong do B 1én thi mat d6 so phoi tri 14 giam. Diéu
d6 c6 thé 1i giai la sy anh hudng cua nong do tap
chat B 1én vi cu tric cia mé hinh 13 do tinh khong
ddng nhat trong mé hinh gy ra. Nhu vay, khi ting
ndng do tap chat B 1én din dén ning luong ctia hé
giam, chinh diéu nay dan dén sy thay dbi vi cdu
trac cua hat.

Pé tim hiéu thém, chung t6i khao sat sy phu
thudc giita ning luong vao sd bude dich chuyén,
két qua duoc thé hién nhu ¢ Hinh 4.
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Hinh 4. Nang lugng ciia hat nano
Fe, B _vé6ix=1%,3%,5%

Quan sat Hinh 4 ta thy, hat nano Fe, B,
voi X = 1% c6 gié tri nang lugng 16n nhat. Khi
ting ndng do tap chat B 1én thi ning lugng cua
hé giam dan. Con khi ting sé budc dich chuyén
1én 4.107 budc ta thiy rang, voi hat ¢6 nong do
tap chit B 1% thi ning luong cua hé giam nhiéu

nhat, né nam trong pham vi ¢& 107 bude dich
chuyén. Diéu d6 chi ra, hat co n6ng do tap chét
B 1% d& xay ra qua trinh tinh thé hoa nhat. Khi
ting nong do tap chat B 1én 3%, 5% thi ta thay
nang luong ciia hé giam it dan. Picu d6 cho thiy,
ndng do6 tap chat B anh hudng téi vi cdu tric va
qua trinh tinh thé héa.

Tiép theo, chung t6i khao sat ham phan bd
xuyén tam, sd phdi tri tai cac budc dich chuyén
8.106 budc; 1,6.107 budce; 2,4.107 budce; 3,2.107
budc va 4.107 budc, két qua dugc thé hién trén
Hinh 5, Bang 3.
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Hinh 5. Him phén b xuyén tim ciia hat nano
Fe, B v6ix=1% (a), 3% (b), 5% (c)
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Bang 3. S6 phoi tri ciia hat nano Fe, B véi ndng do pha tap chit B va s6 buéc dich chuyén khac nhau

S buére 8.10° | 1,6.10" | 2,4.107 | 32.10" | 410" | 8.10° | 1,6.107 | 2.4.107 | 32.10" | 4.107
Tap chat B So phaoi tri Maét do so phoi tri

x = 1(%) 13 14 14 14 14 | 02871 | 0,5645 | 0,6149 | 0.6161 | 0,6163

x = 3(%) 13 14 14 14 14 | 02664 | 04602 | 0,4871 | 0,4983 | 0,5017

X = 5(%) 12 12 13 14 14 | 02507 | 02549 | 02441 | 03254 | 0,3806

Két qua trén Hinh 5, Bang 3 cho thiy hat nano
Fe B _voix = 1% (Hinh 5a) c6 dinh tht nhat cua
ham phan bo xuyén tdm chiém vu the, khi tang so6
budc chay thi vi tri dinh thir nhat ciia ham phan b
xuyén tam khong ddi, d6 cao ham phan bb xuyén
tam tang. Khi ting s6 budc chay 1én 8.10° budc
thi dinh thir hai cia ham phan bd xuyén tdm chua
xuét hién hién tuong tach Pick, sb phéi tri cda hat
1a 13, mat do sb phdi tri 14 0,2871 chimg t6 v6i sd
budc chay < 8.10° budc thi hat van ton tai & trang
thai vo dinh hinh. Khi ting s6 budc chay 1én 1,6.107
budc tai dinh thtr hai cia ham phan b xuyén tam
bat diu xuat hién hién tugng tach thanh 2 Pick, )
phéi tri ting 1én 14, mat do sé phdi tri ting 1én 1a
0,5645 chimg t6 véi sb budc chay 1,6.107 bude thi
hat bit dau chuyén sang trang thai tinh thé hoa. Khi
tang s6 bude dich chuyén 1én2,4. 107 bude, 3,2.107
budc, 4.107 budc thi d9 cao clia dinh thi nhét va 2
Pick dinh tht hai ciia ham phéan bd xuyén tdm ting
chting to qué trinh tinh thé héa ctia mé hinh ngay
cang ting khi ting sé bude dich chuyén. Cac két
quéa nay hoan toan phu hop véi két qua ciia bao céo
[2], [4], [8]. Tuong tu, v&i cac hat c6 ndng d tap
chat B 3% (Hinh 5b), 5% (Hinh 5c¢). Céc két qua
cho théy, hat véi néng do tap chit B 1% dé xay ra
qua trinh tinh thé hoa nhét, khi ting ndng do tap
chat B 1én dan dén qu4 trinh tinh thé héa cua hat
giam. Diu do6 cho thay c6 sy anh hudng cia ndng
d6 tap chat B 1én vi cdu tric va qua trinh tinh thé

h(’)a’hat nano Fe, B voi x = 1%, x = 3%, x = 5%
la rat 16n.

4. Két luan

Bai bdo nay nghién ctu sy anh hudng cua
noéng do tap chat B 1én vi cau triic va qua trinh
tinh thé, hoa ctia mé hinh hat nano Fe, B da thu
duoc két qua:

- Xay dung th;‘mh cong cac hat nano Fe, B
v&inong do tap chat Blax = 1%, x=3%,x=5%
bﬁng phuong phap dong luc hoc phan tir voi thé
tuong tac cip Pak - Doyama va diéu kién bién tu
do va cho két qua phu hop voi cac két qua [2],
(4], [8].

- X4ac dinh hinh dang hat nano Fe, B, (voi
x = 1%, x = 3%, x = 5%) c6 dang hinh cau va c6
kich thudc nano.

- Xac dinh sy anh hudng ctia ndng do tap chat
B 1én vi céu’tnic,hat nano Fe, B . Nguyén nhéan
chinh dan dén két qua nay la do hi¢u ung nang
luong, khi ting nong do tap chat B dan dén ning
luong, s6 phdi tri cua hé giam.

- Xac dinh duogc sy anh huéng cia ndéng do
tap chat B 1én qua trinh tinh thé hoa ciia hat nano
Fe B . Voi qn(‘A)ng do tap ché‘g B 1% dé xé}{ ra qua
trinh tinh thé hoéa, khi tang nong do tap chat B 1én
3%, 5% sé& lam qua trinh tinh thé hoa giam.

- Xac dinh c6 sy anh huong cua néng do tap
chét B 1én vi cdu trac, qua trinh tinh thé hoa hat
nano Fe, B ./.
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THE INFLUENCE OF THE B-DOPED CONCENTRATION ON
THE MICROSTRUCTURE AND THE CRYSTALLIZATION PROCESS
OF Fe,_ B, NANO-PARTICLES MODEL

Summary

This paper studies the influence of the B-doped concentration on the microstructure and the
crystallization process of Fe, B _nano-particles model (with x = 1%, 3%, 5%). The Fe, B _nano-
particles were created by Molecular Dynamics Simulation method with the Pak-Doyama pair-interaction
and the free boundary condition. The microstructure characteristics were analyzed through the radial
distribution functions (RDF), particle size, energy and coordination number. The process crystallization
was determined by the 2™ Pick separation of radial distribution function by step movements. The results
indicate that there is certain influence of B-doped concentrations on microstructure and crystallization
process.

Keywords: B-doped concentration, microstructure, crystallization process, Fe, B _nano-particles
model, Molecular Dynamics Simulation.
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