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MO PHONG SU BIEN POI CAU TRUC TRONG HAT NANO SAT

THEO NHIET PO
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Mo phong dong luc hoc phan tir (DLHPT) vé sy bién d6i cau trac hat nano sat khi thay doi nhiét
d6 da duoc thuc hién. Cau tric hat nano sit dwgc phan tich thong qua ham phan bd xuyén tim
(HPBXT), phan b s6 phdi tri (SPT), ki thuat phan tich truc quan va thé ning trung binh ctia mot
nguyén tir. M6 phong cho thiy khi nhiét d¢ giam tir 1771°K xudng 490°K, trong hat nano sit c6 sy
chuyén pha tir pha 16ng sang pha thiy tinh hodc pha tinh thé phu thudc vao thoi gian va nhiét do u.
Tir kKhéa: M6 phong, long, thuy tinh, tinh thé, chuyén pha.

MO DAU

Nhu chung ta da biét, cac hat nano dang dugc
ung dung rong rai trong khoa hoc, cong nghé
mg dung va y hoc. Vi vdy, nhiéu tinh chét va
hi€éu ung di thuong cua cac hat nano da va
dang thu hit manh mé sy quan tdm nghién
ctru cda cac nha khoa hoc trong linh vuc thuc
nghiém, 1y thuyét va mo phong [1-6]. Cho
dén nay, ngudi ta da phat hién hinh dang, tinh
cht va cu trac cua hat nano phu thu¢c manh
vao didu kién va cac phuong phap ché tao
chdng. Vi cac hat nano ciu trac vo dinh hinh
(VDH) thuong khong bén vitng, nén khi dugc
u & nhiét d6 va ap suét thich hop, thi cac hat
nano ciu trac VPH c6 thé bi tinh thé hoa
thanh cAu trac tinh thé scc, bee, fec hodc hep.
Ching han nhu, Changsheng va cong su trong
cong trinh [1] ching minh nhiét do chuyén
pha thiy tinh va pha tinh thé ctia cdc hat nano
¢O ban phu thudc vao kich thudc ciua hat.
Ozgen va Duruk cho thiy khi lam lanh kim
loai nhoém tir nhiét do 700 K xudng dudi 300
K thi xay ra su chuyén pha tir pha l6ng sang
pha tinh thé yéu (weak-crystal) hodc chuyén
tir pha long sang pha VDH [2]. Su chuyén
pha 16ng sang pha tinh thé hodc sang pha
VDH ciing dd duoc tim thiy trong cac hat
nano Al,O; va CdSe/CdS nhu co thé thiy
trong cac cong trinh [3,4]. Tuy nhién theo
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hiéu biét cua ching t6i, cac két qua nghién
ctru vé sy chuyén pha trong hat nano Fe con
rat it. Nhitng mo ta trén dd goi cho ching t6i
dua ra ¥ tuong thuc hién nghién ciru vé su
bién d6i cAu truc theo nhiét do trong hat nano
kim loai sit bang phwong phip mé phong
dong luc hoc phan tir thong qua viéc phan tich
HPBXT, phin bd SPT va phuong phap truc
quan hoa 3 chiéu (3 D).

PHUONG PHAP TiNH TOAN

Trong bai bao nay, thé twong tac cip Pak-
Doyama da dugc st dung dé nghién ctu sy
bién ddi cAu trac hat nano. Pdi v&i kim loai
sit, thé Pak-Doyama c6 dang:

U(r)=-0,188917(r —1,82709)’

+0,170192(r - 2,50849)" - 0,198294 tro
r<344A

Trong do r 1a khoang cach gitta hai nguyén
tur, U (r) c6 don vi eV.

Su dich chuyén cta cic nguyén tir sit theo
thoi gian duogc thuc hién boi ki thuat mod
phong DPLHPT véi thuat toan gan ding Verlet
[2,7,8]. Ban diu, 5000 nguyén tir sit trong hat
nano dugc gieo ngiu nhién bén trong mot qua
cdu c6 ban kinh 28,5 A ¢6 diéu kién bién tu
do, mat do b@'mg 7,01 g.cm's. Hat nano nay
duogc hdi phuc cho dén khi dat dugc trang thai
¢6 ning luong thay dbi khong dang ké. Tiép
theo, hat nano dugc lam nong chay dén cac
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nhiét d6 khac nhau dé tao ra cac hat nano co
nhiét d6 1a: 490 °K, 598 °K, 713 °K, 835 °K,
946 °K, 1070 °K, 1542 °K va 1771 °K. Cudi
cung, cac hat nano & cac nhiét ¢ trén dugc u
nhiét cho dén khi dat trang thai can bang nhiét
6n dinh (ning lugng hau nhu khong thay doi)
bang cach chay chuong trinh & ché d6 c6 sb
hat, kich thudc va nhiét 6 (NVT) khong d6i
trong thoi gian 4x10” budc md phong. Céac
chuong trinh tinh toan dwoc thyc hién tai
phong Tinh toan téc do cao (P.101), Giang
duong B3, truong DPai hoc Su pham — Pai hoc
Thai Nguyén.

KET QUA VA THAO LUAN
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Hinh 1A. Ham phan bé xuyén tam cua hat nano
Fe ¢ cac nhiér do 1771 °K, 1542 °K,
1070 °K, 946 °K

Nhu théy trong hinh 1A, & cac nhiét do
1070K, 1542K, 1771K, cuc dai thi nhit
HPBXT dit tai vi tri 2,6A. Mau 1070K, co
cuc dai thtr hai chi c6 mot dinh dat tai vi tri
4,55A; cac mau 1542K, 1771K khong co cuc
dai thr hai. Ttr nhitng phén tich trén cho thdy,
céu trac cta hat nano & 1070K la gan gidng
v6i cu tric cta sit vo dinh hinh, con & céc
nhiét 6 1542K, 1771K la tuong tu v6i cu
tric cua sit 1ong. Chung t6i tiép tuc hdi phuc
hat nano nay sau 4x10" bugc DLHPT thi thay
HPBXT nhén duoc khong thay ddi. Didu nay
c6 nghia la cAu trac hat nano & cac nhiét do
1070K, 1542K, 1771K hau nhu khéng thay
d6i theo thoi gian hoi phyc.
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Df")ng thoi, & ca hinh 1A va hinh 1B cho théy,
HPBXT cta hat nano sat & nhi¢t do 946K va
835K. Cac duong cong 835K.a, 946K.a biéu
dién HPBXT trudc khi 0 nhiét, cuc dai thir
nhét cua HPBXT déu dit tai vi tri 2,55A. Hon
nira, & cyc dai thtr hai ciia hai HPBXT nay
cling xuét hién sy tach thanh hai dinh nho, do
cao dinh nho bén phai thdp hon do cao dinh
nhd bén trai. Hién tuwong tach dinh ¢ cuc dai
thtr hai thé hi¢n mot dic diém cau triic cia vat
liéu VDH. T nhiing phén tich trén cho thay,
cAu trac cia hat nano sit & nhiét do 835K,
946K trudc khi 0 nhiét 1 twong tw voi ciu
tric cia sat VDH. Chung tdi tiép tuc 0 nhiét
cac hat nano nay sau 4x107 buéc DPLHPT thi
thdy HPBXT nhan duoc thay d6i nhu trén
hinh 1A va hinh 1B, cac duong cong 835K.b,
946K.b c6 dang gin gibng ham phan b
xuyén tdm cua mau tinh thé. Pidu nay co
nghia la hat nano VDH ¢ 835K, 946K bi tinh
thé hoa theo thoi gian khi a NVT.
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Hinh 1B. Ham phan bé xuyén tdm cua hgat nano

Fe ¢ cac nhiér do 835 K, 713 K, 598 K, 490 K
Nhu thiy trong hinh 1B, cuc dai thir nhat
HPBXT cua hat nano sit & cac nhiét do 490
°K, 598 °K va 713 °K dit tai cac vi tri 2,55A,;
2,55A; 2,50A. Trong khi do, cuc dai thu hai
xuét hién sy tach dinh thanh hai dinh nho.
Pinh nhd bén trai dat & vi tri 4,254; 4,204;
4,20A va do cao twong ung la 1,40; 1,54,
1,59. Dinh nho bén phai dit & vi tri 4,904;
4,95A:; 4,80A, d6 cao tung tng 1a 1,40; 1,27;
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1,25, d6 cao dinh nho bén phai thap hon do
cao dinh nhd bén trai. Hién tugng tdch dinh ¢
cuc dai thtr hai thé hién mot dic diém ciu tric
cua vt liéu kim loai VDH. Tu nhiing phan
tich trén cho thay, ciu tric ciia hat nano Fe &
490 °K, 598 °K va 713 °K 1a twong tu véi cdu
truc ciia sit VDH. Chiing t6i tiép tuc hdi phuc
NVT cic hat nano nay sau 4x10" budc
DLHPT thi thdy HPBXT nhan duoc khong
thay dbi. Piéu ndy c6 nghia 1a cdu tric hat
nano VBH ¢ 490 °K, 598 °K va 713 °K hau
ghu khong thay dbi theo thoi gian hdi phuc.
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Hinh 2A. Si phu thl{éc cua thé nang trung binh

cua mgt nguyén tir sat ¢ cac nhigr dé 1771 Kva

490 K vao thoi gian u nhiét

Thén

Hinh 2A, cho biét thé ning trung binh cua
mot nguyén tir sit ¢ cac nhiét do 490 K va
1771 °K. Co thé thiy, ¢ 490 °K thé ning
trung binh ctia mot nguyén tir 1a -1,28eV, &
1771°K dai lugng nay la khoang -0,59%V.
Nhu vdy, & cac nhiét d6 ndy thé ning trung
binh cua mdi nguyén tir sit thing giang it
theo thoi gian (dd thi c6 dang mot doan thing
nam ngang gan song song vdi truc biéu dién
thoi gian).

Hinh 2B, biéu dién thé ning trung binh cua
mot nguyén tur sdt & cac nhiét do 835K, 946K.
C6 thé thay, ¢ 835K thé ning trung binh cia
mdt nguyén td dao dong trong khoang
(-1,245) +(-1,295) eV, & 946K dai lugng
nay dao dong trong khoang
(-1,20) +(-1,27)eV . Trong truong hop

15000

ndy, thé ning cua cic nguyén tir sit thing
giang manh trong khoang thoi gian nhat dinh,
tuong rng voi qua trinh tinh thé hoa xay ra.
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Hinh 2B. Sy phu thuérc cua thé nang trung binh
cua mot nguyén tir sat ¢ cac nhiér dé 946K va
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Hinh 3. S phu thugc cua thé néng trung binh cia
mg¢t nguyén ter sat vao nhiés do sau khi « nhigt NVT
Hinh 3, biéu dién thé nang trung binh ctia mot
nguyén tir Fe ¢ cac vung nhi¢t do khac nhau
trong khoang 490K- 1771K. Do thi co thé
chia lam 3 vung khac nhau. Vung 1 trong
khoang tir 490K dén 1000K, thé ning dao
dong nho xung quanh gia tri -1,26eV. VVung 2,
trong khoang tir 1000K dén 1311K, thé ning
dao dong manh tir gia tri -1,28¢V dén -
0,80eV. Vung 3, trong khoang tir 1311K dén
1771K, thé ning dao dong it tir gia tri -
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0,80eV dén -0,60eV. Ba vung nhiét do trén
tuong Ung v6i ba pha: vo dinh hinh, tinh thé
va pha léng cua hat nano Fe.

Hinh 4, cho thay phan bb s phbi tri (SPT)
clia cac hat nano sit & cac nhiét do 490K,
835K, 946K va 1771K sau khi u nhiét NVT.
O 835K va 946K, phan bd SPT gin nhu
tuong tu nhau. Cu thé, SPT=14 chiém khoang
64%, SPT=13 chiém khoang 10%, SPT con
lai chiém khoang 26%. Phan bd SPT nhu vay
cho théy dang cAu tric co trat tu.
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S6 phoi tri

~Hinh 4. Phan bé S6 phdi tri ciia cac hat nano

sat ¢ cac nhiét do 490K, 835K, 946K va 1771K sau
khi 2 nhigt NVT

O trang thai 490K phan bd SPT=12 chiém
khoang 23%, SPT=13 chiém khoang 30%,
SPT=14 chiém khoang 17%, SPT con lai
chiém khoang 26%. Phan bd SPT nhu vay
cho théy dang cAu trac mat trat ty hon.
Cuc dai trong ham phan bb SPT & 1771K cb
d6 rong 16n hon va dinh thip hon so véi cac
mAu khac, SPT=8 chiém khoang 20%, SPT=7
va SPT=9 chiém khoang 32%, con lai 1a s6
phdi tri khac.
Nhu vay, két qua phén tich da chi ra cau trac
cac hat nano sit sau khi u nhiét: & 835K va
946K co cau trac tuong ty nhu cdu trac cia
tinh thé sat lap phuong tam khdi, & 490K c6
cAu tric tuong tu nhu cAu trac cua sit vo dinh
hinh, con ¢ 1771K ¢6 ciu trac tuong ty nhu
cdu tric cia sat 1ong. Tir thao ludn & trén, ta
c6 thé thiy ring c6 ba trang thai khéc nhau
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cua hat nanovsét, tirc 1a cac trang thai vé dinh
hinh, tinh thé va 1ong trong khoang nhiét do
490-1771K.

Hinh 5. Hinh 3D su sap xép nguyén ti vo
dinh hinh va nguyén tu tinh thé trong hat nano
sat: A, B hat nano dwoc u voi thz‘;i gian ngan; 7C,
D ha‘t nano duoc 1 nhiét cho den khi tinh the;
Qqua cau mau do chi nguyén tiz vé dinh hinh, qua
mau do tia chi nguyén ti tinh the.
Pé 1am r6 hon vé qua trinh tinh thé hoa hat
nano sit, chung t6i st dung hinh anh 3D (xem
hinh 5) dé phan tich. Nhu thdy trén hinh 5 A
va B, khi thoi gian 0 nhiét ngan, trong hat
nano chta chi yéu cac nguyén tir vo dinh
hinh, trong khi d6 cic nguyén tir tinh thé
chiém ti 1& khong dang ké va phan bd ngiu
nhién trong hat nano. Nguoc lai, khi thoi gian
u nhiét du 16n (hinh 5C va D), cac nguyén ti&
vo dinh hinh chiém ti 1& khong dang ké va
phan bd chi yéu trong 16p vo hat nano, trong
khi d6 cac nguyén tir tinh thé chiém ti 18 16n
va phan b chi yéu trong 15i hat nano.
KET LUAN
Mo phong DPLHPT vé ciu triic va co ché hinh
thanh céc pha khac nhau trong hat nano sat da
dugc thuc hién. Theo thoi gian G nhiét, mo
phong chi ra ba pha khac nhau trong hat nano
sat (pha thily tinh, pha tinh thé va pha long)
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trong khoang nhiét do 400-1800K. Khi nhi¢t
do giam, cAu tric cta hat nano sét chuyén tur
pha 16ng sang pha thiy tinh hodc pha tinh thé
phu thudc vao nhiét do va thoi gian mod
phong. Hat nano sat bi tinh thé hoa & 835K,
946K sau khi 0 NVT véi 2x10” bude. Hat nano
sit tinh thé gdm cic nguyén tir vo dinh hinh
chiém ti 1¢ nho, phan bd chu yéu trong 16p vo
hat nano, con cic nguyén tir tinh thé chiém ti 1¢
16n hon va phén bd chi yéu trong 13i.
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SIMULATION ABOUT STRUCTURAL CHANGE IN IRON NANOPARTICLES

DEPEND ON TEMPERATURE

Giap Thi Thuy Trang’, Phonesavath C., Khuc Hung Viet and Pham Huu Kien

University of Education - TNU

Molecular dynamics simulation about structural change in iron nanoparticles depend on
temperature which we have been performed. The structure of the nanoparticles was analyzed
through the radial distribution function, the coordination number distribution, the visualization
analysis methods and average potential energy per atom. The simulation shows that as the
temperature decreases from 1771 K down below 490K in iron nanoparticles occur phase transition
from liquid phase into glass (amorphous) phase or crystal phase depending on the time and the

temperature of annealing.

Keywords: simulation, liquid, glass, crystal, phase transition
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