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TOM TAT: Chiing t6i da tién hanh khao sat su chuyén pha cdu tric diedi anh hwong
ciia qud trinh nung trong AL,Os vé dinh hinh (VPH) bang phiwong phdp dong luc hoc phan
tur (MD). M6 hinh Al;O3 v6 dinh hinh dwoc dwng trong khoi lgp phwong voi dzeu kién bién
tuan hoan chira 3000 hat cé cdac canh twong Lfng Véi khoi lu'ong riéng thiee té. Thé nang
twong tac giita cdc hat trong mé hinh 1a thé nang tiwong tac cap Born-Mayer. Cdu tric ciia
mé hinh phit hop tot véi thuc nghiém cia Lamparter. Chiing t6i nung mé hinh da nén dén
mat do 5, 00g/cm3 tai nhiét dé 0°K va chung toi da tién hanh khao sdt su chuyén pha cdu
truc tie vo dinh hinh sang vo dinh hinh trong ALOs véi nhiét @b tang dan theo thoi gian tL‘f
nhiét dg ban dau. Nhiét do cia hé thay doi theo biéu thire T(t) = Ty + , trong do y la toc
dé nang nhiét. Cdu tric cua hé dwoc khao sat qua viéc phan tich ham phdn bé xuyén tam
(PRDF), phdn bé sé phéi tri va phdn bé goc lién két giita cdc hat. Két qud nhdn dwoc cho
thdy c6 sw chuyén pha nguoc tir cdu triic luc gide (cé sau nguyén tir O bao quanh nguyén tir
Al) sang cau tric tr dién (Al dwoc bao xung quanh boi bon nguyén tir O) trong mé hinh
Al,O3 vé dinh hinh. Két qud tinh toan sy phu thudc cia mdt do, enthalpy va phan tich cdu
tric theo nhiét do cho thcfy nhiét do chuyén pha gitta hai dang cdu triic nay cua hé Al,O;
vao khodng 1200°K.

1. GIOI THIEU

Nhitng nghién ctru vé cac loai 6xit ¢6 y nghia rat 16n trong linh vuc khoa hoc vat liéu,
Si0,, ALO3, MgO, Ca0, GeO; 1a nhimg 6xit thuong duge khao sat trong thuc nghiém ciing
nhu trong linh vuc md phong [1-5]. Gan day, nhimg két qua nghién ctru vé cac loai oxit
khong nhimg cung cép nhitng hiéu biét vé cac tinh chat hoa hoc, tinh chét vat Iy ma con ¢
nhiing cong trinh khao sat cho két qua xac thuc vé thé ning twong tac ndi phan tir. Diéu nay
mang ¥ nghia quan trong trong viéc tim hiéu mot cach tong quan vé loai vat lidu nay dya
trén cac mo hinh phan tir. Oxit nhom la vat liéu quan trong cua vt liéu ceramic, chinh vi
vay viéc nghién clru sy chuyén d6i céu trac cia ALOs ¢ trang thai v6 dinh hinh mat d¢ cao
la dleu can thiét. Bang phuong phap mé phong chung t6i da tlen hanh khéo sat sy chuyén
ddi clu trac trong hé Al,O3 v6 dinh hinh theo nhiét d6 va ap XUuat.

Trong cong trinh nay, chung t6i tién hanh nung mé hinh ALO; v6 dinh hinh & nhiét do
ban dau 12 0°K d3 dugc nén & mat do 5,00 g/cm3 1én dén nhiét d6 sau cung la 1820°K.
Trong phin khdo sat trudc day, ching toi da tién hanh khao sat cau trac ciia Al,O3 vo dinh
hinh khi nén & cac mat do khac nhau, tinh toan da cho théy trong trang thai vo dinh hinh &
mat do 5,00g/cm3, ALOs ¢6 céu trac dang luc giac chiém uu thé. Két qué nhén dugc tur qua
trinh tinh toan phan bd sb phdi tri va phan bb goc cho thay c¢6 su chuyén ddi pha ciu triic tir
dang luc giac sang dang tir dién khi nhiét do dat dén mot gia tri nhét dinh. Dua trén viéc
phan tich sy phu thude ctua enthalpy, méat do vao nhiét do, va dua trén viéc phan tich cau
truc chung t61 da xac dinh dugc nhiét 46 & do ciu trac ALO; tré lai trang thai dang tur di¢n
gé”m véi trang thai ban dau & mat do 2,84g/cm3 .

2. PHUONG PHAP TiNH TOAN.

Theo két qua thuyc nghiém va mé phong [6], trong cac hé 6xit ton tai cic dang lién két
co ban nhu sau: lién k&t ion, lién két cong hoa tri, li€n két van der Waals. Lién két ion thé
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hién qua tuong tac xa 1a trong tac Coulomb, céc lién két con lai thé hién qua tuong tac gan.
Chinh vi vay, thé trong tac giita cac hat trong 6xit ¢ dang tong quat nhu sau:

qqfw,,() (1)

S6 hang dau trong hé thirc (1) 1a twong tac Coulomb véi ¢i va gj 1an luot 1a dién tich cac
ion trong hé oxit. S6 hang thtr hai 1a thé hién twong tac gan trong oxit. Véi hé ALOs, chiing
t6i st dung thé nang tuwong tac cip Born-Mayer véi dién tich ctia cac ion A va O* tuong
mg trong hé 1a qAl = +3 va qO = -2, thanh phan thé hién twong tac gin c6 dang:

Tr
(Pij(r)_Bij exXp (_R_J (2)

ij

Uy(r)=

trong d6 Bij va Rij 1a cac thong sd dugc chon, r 12 khoang cach tir hat trung tdm thér i dén
hat thtr j. Nhu vay, biéu thuc thé nang ching t6i st dung s€ c6 dang nhu sau:

e’ r
uu(r) qu + B exp (_i] 3)
cac thong $6 trong biéu thirc 3) lan luot c6 gia tri: By = 0, Bip = 1779,86¢eV,
B2, =1500eV va Rij= 29pm.

Céc thong s6 nay duoc chon dé ham phan bd xuyén tdm nhén dugc phu hop tét véi thuc
nghi€ém (xem trong [7]). M6 hinh véi méat d6 thuc (p = 2,84g/cm3) tai nhiét 46 0°K nhén
duoc bﬁng cach lam ngudi tr mo6 hinh long voi tdc d0 1,7178 x 10" K/s, va 6n dinh nhiét sau
50.000 budc MD, budc thoi gian hdi phuc 13 4,0749x107'°s .M6 hinh 6n dinh nay duoc sir
dung dé nén & cac mat do cao hon sau 25.000 budc MD cho mdi trang thai. Trong cong
trinh truge dy, ching t6i da tién hanh nén dén mat do p = 5,00g/cm’, cdu trac ciia mé hinh
nay da duoc khao sat va két qua cho thdy ¢ mat do nay thi ALOs vo dinh hinh ton tai véi
ciu trac dang luc giac chiém vu thé [8].

O day, ching t6i da sir dung mo hinh c¢6 mat d6 nay lam mo hinh ban dau dé bat dau
cho qua trinh nung. Nhiet d6 cta hé dugc ting tuyén tinh theo thdi gian theo biéu thirc:
T(t) = To + vt v6i vy 1a tc d6 nung c6 gia triy = 1,7178. 10" K/s [7], To 1a nhiét d6 ban dau
duogce tinh tir 0°K. Dé tinh toan phan bd sb phéi vi va phan bd goc lién két, chung 61 sur
dung RALA = 3,7 A, RALo=2,2 A va RO.o=3,3 A Trong d6 R 1a ban kinh cit dugc chon
tai vi tri dinh thép nhét dau tién trong ham phan bd xuyén tim gij(r) cho trang thai vo dinh
hinh ¢ nhiét d¢ 0'K.

Mot diém quan trong nhit trong cong trinh nay d6 1a qué trinh khao sat sy phu thudc
cua enthalpy va mat d0 vao nhi€t d0. Enthalpy ctia hé dugc tinh béi biéu thuc
H=E+pVtrongddoE la téng ning luong cia hé dat duoc tai mdi nhiét d6. Dua trén dudng
cong biéu dién su phu thudc cia H, p theo nhiét do va két hop véi phan tich cdu tric ta c6
thé xac dinh dugc vung nhiét d co6 xay ra su bién doi trong cAu trac ciia md hinh dang khao
sat.

3. KET QUA VA THAO LUAN
3.1. Ham phan b6 xuyén tim gij( r)

bic trung vé& mit cu tric cua mod hinh dugc xem xét qua vigc tinh toan ham phan bd
xuyén tdm riéng cia mé hinh duoc thé hién qua hinh 1. Cac ham phan bd nay c6 dang
tuong tw nhu trong cac cong trinh da cong bb trude day cho hé Al,O3 vo dinh hinh, ch1 tiét
vé cach tinh cac ham nay co6 thé xem trong [7]. Vi mod hinh ban dau ¢ nhiét d6 0°K va
duoc nén & ap suét cao c6 mat do 5 OOg/cm khi nhiét d6 ting dan, dinh dau tién trong ham
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phan b cho cip Al-Al dich chuyén dan vé phia phai. Nghia 1a khoang cach trung binh cua
cac nguyén tur Al trong md hinh tang Ién tuong (mg vdi viée giam mét do khi nhiét do tang
Tuy nhién, quan sat tren hinh 1, ching ta c6 thé nhan thdy rang tir nhiét do khoang 1100 K
tr& 16n dén gan 1800°K, thi su sai 1éch v& vi tri dinh 13 kha nho, cic dudng cong gin nhu
tring khép v6i nhau. No6i cach khac, néu xét vé mit ciu trac thi khong c6 sy khac biét nhiéu
cho trang thai vo dinh hinh trong khoang nhiét 46 nay. Diéu nay s& duoc xem xét thém qua
cac dic trung vé mit cau truc trinh bay trong phéan tiép theo.

3.2. Phan b6 s6 phdi tri, phan bo géc lién két

Mot déc trung khac vé& mit cdu trac ciia mo hinh dugc tién hanh khao sat do la phan bd
s6 phdi tri trung binh cta cac cip nguyén tir, chi tiét vé diéu nay co thé quan sat trén hinh 2
va bang sb liéu 1.

Ta c6 thé nhan thiy rang sé phdi tri trung binh cia tit ca cic cap nguyén tir déu cé su
dich chuyén vé bén trai khi nhiét 46 tang. Két hop vai su dich chuyén vé vi tri dinh trong
ham phan bd xuyén tdm da dé cap o trén ta co thé dua ra nhan xét sau:

e S nguyén tir bao quanh mot nguyén tir giam dan.
e Khoang cach trung binh ciia cac nguyén tir ting dan.

Piéu nay dic trung cho cdu trac bi gidn ra cua md hinh khi nhiét d6 ting, day ciing 1a
diéu dé hiéu vi khi nhiét do ting 1én ta c6 thé dy doan rang mat do ciia nguyén tir trong mo
hinh s& giam xudng dan dén sy thay ddi hai dic trung c4u tric noi trén.

Tuy nhién, didu dang quan tdm d6 1a phan bd sb phdi tri trung binh cho cap Al-O. Trén
hinh 2b, tai nhiét d6 0°K, ph;“m 16n céu tric mé hinh tdn tai & clu tric luc giac (vi tri dinh
gin gia tri 6), nghia 1 bao quanh mot nguyén tir Al ¢6 sau nguyén tir O (két qua nhan dugc
tir cong trinh truge day [8]). Khi nhiét d6 ting 1én ta nhan thay vi tri dinh dich chuyén vé
gan gia tri 4, trc 1a cAu trac dan tré vé ciu trac tir dién ban dau cua ALO; vo dinh hinh &
mat do 2,84g/cm’. Tuy nhién, trén duong biéu dién & nhiét d6 1190°K, dinh cao thir nhit
van & khoang gia tri 5, dinh cao thir hai méi dich chuyén vé gan gia tri 4. Nhu véy rd rang
trong cAu tric c6 ton tai nhitng ciu trac trung gian chlem phan lon la da giac c6 5 nguyén tir
O bao quanh nguyén tir Al khi xay ra su chuyén doi vé mit ciu trac tir luc gidc sang cu
truc tir dién.
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Hinh 1. Ham phén b xuyén tdm riéng gij( r) cia md hinh ALO; vé dinh hinh tai cic nhiét d6 khac
nhau.
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Chi tiét hon vé s6 liéu nay c6 thé quan sat trén bang 1. S6 phdi tri trung binh cho cap
Al-O phan bd trén mot dai rong tir 3 cho dén 8. Nghia 13 ¢ trang thai vo dinh hinh ctia Al,O3
tai nhiét d6 0°K c6 ton tai cac da dién co tir 6, 7, 8 nguyén tir O bao xung quanh nguyén tir
nhom. Khi nhiét d tang 1€n, bén canh su suy giam mat dd cac da di¢n c6 6, 7 nguyén tir O
con co su xuét hién gié tri twong dbi nho hon ciia AlOs, didu nay twong tu nhu cac két qua
nghlen clru vé 8102 vO dinh hinh. Néu so sanh v6i md hinh AlLO; ¢ mat d6 thuc (p = 2,84
g/cm ') 6 nhiét do 0K ta c6 thé giai thich do tinh khong thudn nghich cua qua trinh chuyén

dbi cau truc.

Pé hiéu biét chi tiét hon vé ciu trac ctia mo hinh ta can tién hanh khao sat phan bd goc
lién két. Chiing t6i d tién hanh khao sat chi tiét phan bd clia hai loai goc quan trong nhét 1a
phan b6 goc O-Al-O va phan bd goc Al-O-Al theo nhiét d¢ ting dan trinh bay trén hinh 3.
Nhu ta d3 biét, ciu tric cua mot tir dién chudn thi goc lién két gitra O-Al-O 1a 109,47°, va
Al-0-Al 1a khoang 125, Trong hinh 3, khi nhiét d¢ ting ta thdy vi tri dinh déu dich chuyén
vé phia phai va gén dat den cac gia tri nhu trong cau trac tir dién 1y tudng. Qua nhén xét
trén c6 thé két luan rang ciu trac c6 su bién d6i sang dang tir dién v6i don vi cau tric co
ban 1a AlOy, tuy nhién cau trac tr dién nay bi bién dang so vdi cdu trac tt dién chuan do ¢
su sai léch vé& goc lién két (O-Al-O) ciing nhu do dai cia cac lién két (AI-O-Al).
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Hinh 2. Phan bd s phéi tri trong mo6 hinh AL,O; v6 dinh hinh tai cac nhiét d§ khac nhau.
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Bang 1. Phan bd s phdi vi cho cip Al-O VPH & cac nhiét d6 khac nhau.

ZAlL, 3 4 5 6 7 8
Séion A" (T=0K) 0 4 185 740 263 8
Séion A" (T =350K) 0 18 304 758 117 3
S ion A" (T =840 K) 4 202 659 332 3 0
Séion A" (T=1190K) 26 486 591 96 4 0
Séion A" (T =1540K) 40 603 497 60 0 0
Séion A" (T=1820K) 41 648 469 41 0 0
S6ion A" (p=2,84 gem™) 0 612 559 29 0 0

b Gde AlO-AL

0034

0.01+4

0.00 ¢

Hinh 3. Phan bd goc lién két trong mo hinh Al,O; v6 dinh hinh téi cac nhiét d khac nhau.

3.3. Xdc dinh vung nhiét do xay ra suw bién d6i cAu tric

Viéc tién hanh khao sat cac dic trung vé mat cau trac nhu ham phan bd xuyén tam,
phén bo so phoi tri va phan bo géc cia mé hinh. Nhu da trinh bay ¢ trén, khi nhiét do tang
dan tir 0°K thi cAu triic cia mo hinh & trang thai mat d¢ cao c6 su chuyén doi vé mat cau
truc tir dang luc gidc sang dang tir di€n. Tuy nhién, dé xac dinh chinh xac vung nhiét do bat
dau c6 sy chuyén doi xay ra, ching t6i da tien hanh két hop vdi khao sat dya trén dudng
cong bi€u dién sy phu thudc cua enthalpy va mat d6 vao nhi€t @6 nhu trinh bay trén hinh 4
va hinh 5 bén canh viéc xét sy thay doi ve cau truc.

Dua trén két qua thé hién trong hinh 4 va hinh 5, ta ¢6 thé két ludn rang khi nhiét do
ting dan tir nhiét d6 ban dau 0°K thi mat do ctia mé hinh giam, diéu nay phu hop cac khao
sat & trén. Pac trung cAu trac ctia mo hinh thé hién cAu trac bi dan khi nhiét do tang dan.
Quan sat trén hinh 4 va 5 ta théy tai vung nhiét d6 16n hon 1200°K thi H va p dat gia tri on
dinh ng voi sy hoan tat cla chuyén pha ciu trac nhu da dé cap. Co nghia 1a trong vung
nhiét do nay thi cAu trac co su bién d6i it hon, day ciing la két qua da quan sat dugc trén
ham phén bd xuyén tim riéng d6 1a cac /duong gan nhu trung nhau. Nhu vay c6 thé xem tir
sau nhiét d6 1200°K thi co sy chuyén d6i hin vé mit cdu trac tir dang luc giac sang dang tir
dién trong mo6 hinh Al,O3; vo dinh hinh.

Trang 75



Science & Technology Development, Vol 9, No.9- 2006

65000 - 50
70000 - -
45 -
.
75000 -
s 40
= ] .
L 30000 =
T .
35
85000 -
-
.......
-50000 -] 30 s
— T T T T T T T T T 1
55000 o 200 400 &00 800 1000 1200 1400 1600 1800 2000
T T T T T T T T T J
0 200 400 600 800 1000 1200 1400 1600 1800 2000 T(K)

T(K)

Hinh 4. Sy phu thudc cta Enthalpy vao nhiét

P Hinh 5. Sy phu thudc ctia mat d6 theo nhiét do.

4. KET LUAN

Qua két qua tinh toan va phan tich, chung t6i rut ra dugc cac két luan sau:

e CoOsu chuyén ddi cau trac tir dang luc giac sang dang tr dién khi nhiét d6 tang dan
tir nhiét do 0°K. Dang cAu tric t dién nhan duoc ¢6 su bién dang chut it so voi dang cAu
trac tir dién cua md hinh khong nén ban (fiéu 0 mat do 2,84g/cm’. Diéu nay c6 thé giai thich
do su bat thuén nghich trong qua trinh bién do6i cau tric cta hé.

e Vung nhiét do xay ra su chuyén ddi cau trac 13 vao khoang 1200K.

SIMULATION OF TEMPERATURE-INDUCED PHASE TRANSITION IN
AMORPHOUS Al,0;

Nguyen Hoang Hung(l), Vo Van Hoang(z)
(1) University of Natural Siences, VNU-HCM
(2) University of Technology, VNU-HCM

ABSTRACT: We investigate the temperature-induced structural transition in
amorphous Al,O3 by molecular dynamics method. Simulation were done in the basic cube
under periodic boundary conditions containing 3000 ions with Born-Mayer type pair
potentials. Structure of model with the real density is in good agreement with Lamparter’s
experimental data. The compressed model at the density of 5.00g/cm’ was heated up from
0K to 1820°K. The temperature of the system was increasing linearly in time from the zero
temperature as T(t) =T, + nt, where y is the heating rate. The microstructure of Al;Os
systems has been analyzed through pair radial distribution functions, coordination number
distributions, interatomic distances and bond-angle distributions. We have observed the
temperature-induced phase transition in the amorphous alumina from an octahedral to a
tetrahedral network structure. Such transition occurred at anywhere around 1200°K.
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