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TOM TAT: Chiing t6i da tién hanh khdo sdt sy chuyén pha cdu tric trong Al,O3 vé
dinh hinh (VPH) bdng phuong phdp déng luc hoc phdn ti (MD). Mé hinh Al;O3 vé dinh
hinh duge dung trong khéi ldp phuong vdi diéu kién bién tudn hoan chita 3000 hat cé cdc
canh tuong ung vdi khéi lugng riéng thuc té. Thé tuong tdc gilta cdc hat trong mé hinh la
thé tuong tdc cdp Born-Mayer. Cdu triic ciia mé hinh phii hgp 161 vdi thyc nghiém ciia
Lamparter. Chiing t6i da tién hanh khdo sdt sy chuyén pha cdu triic tit vé dinh hinh sang vé
dinh hinh trong Al,O3 véi sdu mé hinh cé khéi lugng riéng thay déi tiv 2,84 g/em’ dén 5,00
g/cm’ & nhiét dp OK. Cdu triic cila hé dugc khdo sdt qua viéc phdn tich ham phdn bd xuyén
tam (PRDF), phdn bé s6 phéi vi va phdn bd goc lién két giita cdc hat. Két qud nhdn dugc
cho thdy c6 su chuyén pha tix cdu triic tit dién (cé bén nguyén 1t O bao quanh nguyén tit Al)
sang cdu tric luc gidc (Al dugc bao xung quanh bdi sdu nguyén tit O) trong mé hinh Al;Oj3
vé dinh hinh.

1. GIGI THIEU

Ca'u tric vi md cda hé Al,O3 8 trang thdi 16ng va v6 dinh hinh did dudc ti€n hanh
nghién citu bdi nhiéu cong tinh trong nhitng ndm gin diy. Oxit nhém 12 loai vat liéu khd
phd bi€n, chiing dugc hinh thanh trén bé mit cia nhém kim loai khi ti€p xic véi khéng khi
dé chéng lai qud trinh 6xy héa nhém. Oxit nhém ciing 14 mot trong nhitng thanh phén cé
trong magma néng chdy bén trong 1dng trdi dat. 3 diéu kién d4p sudt va nhiét dd cao bén
trong 1ong trdi dat, cdu tric clia ching c6 sy thay ddi, nhiéu nghién ciu khéng nhiing vé
m6 phdng ma con cd nhitng nghién cifu thuc nghiém cho thdy trang théi cdu tric cia cdc
loai vit liéu c6 thé tdn tai & nhiéu dang c4u triic khdc nhau [1].

Gutierrez da ti€n hanh khio s4t sy chuyén ddi ciu tric clia Al,O; khi 4p suit thay
d8i bing phudng phdp dong luc hoc phén ti [2]. K&t qud dugce khdo sdt trén ndm mé hinh
chita 1800 hat v8i mit do thay ddi tir 3,175 g/em’® dén 4,2 g/em’ sit dung thé twong téc
Matsui. Tinh todn cho thdy ring khi mit d6 ting thi khodng cdch giita cip Al-O ting trong
khi khodng céch giita cap Al-Al, O-O lai gidm. Pinh Al-O trong phdn bd s8 phdi vi thay ddi
tir 4 sang 6 va géc lién két clia O-Al-O thay d8i tir 105° d€n 90°. K&t qué ciing cho thdy c6
sif chuy&n déi cau tric tir dang tif dién sang dang luc gidc. K€t qud tuong ty trong hé Al,O;
vd dinh hinh ciing dugc V& Vin Hodng va cdng su nhdn dugc khi khdo sdt v6i th€ ning
BKS (xem trong [3]). :

Trong cdng trinh ndy, ching téi ti€n hanh khdo sdt mé hinh Al;O; v6 dinh hinh &
nhiét d6 0K dudc nén & sdu mit do khdc nhau tir 2,84 g/cm® dén 5,00 g/cm’. Sau mdi 1in
nén xong, mé hinh dugc hdi phuc & diéu kién thé tich khéng ddi d€ dat trang thdi cin
bing. K€t qui nhin dudc ciing cho thdy ¢6 su chuyén ddi pha ciu tric tir dang uf dién sang
dang luc gidc khi mit do thay ddi trong mot ving nhat dinh.

II. TINH TOAN
Bing phuong phdp ddng luc hoc phin t&, m6 hinh Al,O;3 vé dinh hinh chifa 3000 hat
dugc dung trong kh6i ldp phuong véi diéu kién bién tudn hoan. Th& tuong tic cip
Born-Mayer dudc sif dung c6 dang:
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Trong dé r 12 khodng cdch tif hat trung tAm thi i d€n hat thy j, z;, z; 1a dién tich cia
hat thi i va hat tif j, Bjj va Rjj 1a cdc thong sd thé hién cho ndng lugng tuong tic ddy giira
16p v6 dién tl clia cdc hat. V6i z;=+3, z,=-2 I3 dién tich cia AI’* va 0%, B, =0, Bp =
1779,86 eV, By; = 1500 eV va Rj;= 29 pm. Cédc thong s6 nay dugc chon d€ ham phin b&
xuyén tdm nhdn duge phd hgp t6t véi thuc nghiém (xem trong [4,5]). M6 hinh vdi mit do
tufe (p=2,84 g/cm3) tai nhiét d6 OK nhin dugc bing cdch 1am lanh tir mo hinh néng chdy
véi toc d6 1am lanh1,7178 x 10 K/s (xem trong [5]), va 8n dinh nhiét sau 50.000 budc MD,
budc thdi gian hdi phuc 12 4,0749x107°s. Md hinh &n dinh nay dugc sit dung d€ nén & cdc
mét d§ cao han sau 25.000 budec MD cho méi trang thdi. P& tinh todn _phén b6 s6 ph01 vi va
phin b8 géc lién két, ching t6i st dung Rap.a = 3, 7 Raro=23 va Roo= 3 g, Trong
d6 R 1a ban kinh cdt dudc chon tai vi tri dinh thap nha"t ddu tién trong ham phin b6 xuyén
tam gj(r).

1L KET QUA VA THAO LUAN.

Chiing t6i ti€n hanh nén mé hinh Al,O; vé dinh hinh ban diu véi mat dé 2,83 g!cm3
tai 4p sudt P = 0 GPa, & nhiét d§ OK. Cdc dic trung cdu triic cia m6 hinh phit hop t&t véi
thyc nghiém [6,7]. Trong mé hinh nay, Al,O; v6 dinh hinh tai mit dé 2,84 glcm3 c6 ciu
triic tif dién v6i s6 phdi vi trung binh Z.0 ~ 4 (Bang 1). Cdu tric nay ciing dugc thdy qua
phin b s6 phéi vi clia ion Al cho cip Al-O (Bing 2). Nhu trinh bay trong bang 2, trung
binh mdi nguyén ti¥ Al duge bao quanh bdi bon nguyén ti O.

Hinh 1 thé hién ham phin b8 xuyén tim gii(r) tai ba mdt d6 khdc nhau, chi tiét vé
cdch tinh ham nay c6 th€ xem trong [3]. Khi mét d6 ting, dinh ddu tién cho cap Al-Al dich
chuyén sang trdi nhung khong bi tich thanh hai dinh.

Quan sét trén bang 1, ching t6i nhin thdy ring khi mat d6 ting tir 2,84 g/cm’ dén
5,00 g/cm® thi khodng cdch gilta cip Al-O c6 sy gidm nhe rdi sau d6 lai ting. Con khodng
cdch gilfa cdc cip khdc thi gidm khi mat d6 ting. Chiéu cao dinh d4u tién trong him phin
b6 xuyén tdm cho cdp Al-O thi gidm khi mit d6 ting nhung vdi cdc cap khdc thi thay déi
khdng theo mdt quy ludt ndo. S& phdi vi clia cdc cip nguyén tif thi déu ting theo mat dob.
Biéu ndy c6 nghia 12 khi m4t d6 ting, khodng cdch lién két giita cdc nguyén tif déu gidm,
n6 thé hién dic trung clia mot cdu tric bi nén lai.
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Hinh 1: Him phén b xuyén tdim cia md hinh AL,O; v6 dinh hinh tai nhiét d6 OK

() Cip0-0
2,84 ylem”
—— 3,75 glem”

vdi ba mat dd khdc nhau.

Béng 1: Nhitng diic trung cia hé Al,O; VPH khi nén & cdc mét dd khdc nhau.
rij: Vi tri dinh ddu .én trong ham phan bd xuyén tim (PRDF) g;(r).
gij : Chiéu cao cla dinh ddu tién trong PRDF.
Z;j : 86 ph6i vi trur.g binh (1-1 cho cap Al-Al, 1-2 cho cip Al-O, 2-1 cho cip O-Al, 2-2 cho

cap 0-0);

P : Ap suit ciia mé hinh va E ning ludng t8ng cong ciia mé hinh.

Mitds P £ ri0) gij Z

(genv’} 1GR) (KO%VY 11 1. iz hiting o 90 S0 - 10~ 0. 0
2,84 0 9371 321 178 277 354 1054 271 835 45k.301 %88
345 3892 8292 301 1,72.-262 287 933 261:1946. 482 331 1019
375 5107 9,245 280 1,72 244 297 823 272 1036 505 337 1073
390 5634 9,232 280 1,75 244 301 733 283 1090 521 347 11,09
420 8241 9,156 2,76 1,74 243 293 698 293 11,60 546 364 11,60
500 1943 8657 2,67 1,71 231 278 628 277 1298 607 401 1277

Tu di liéu nhan dugc, khi s8 phdi vi thay d&i theo mit d§ s& din d&n sy xudt hién
clia cdc da dién trong cdu tric clia moé hinh. Quan sdt trén bing 2, chiing ta thay ring s6 da
gidc c6 tx 6, 7, 8 nguyén tir O bao quanh nguyén tir Al thi tdng khi mat do ting trong khi dé
cdc don vi cdu tric nhu AlO;, AlO;, lai gidm khi ting mit dé. Con sé da gidc ¢6 nim
nguyén tif O bao xung quanh nguyén ti¥ Al ban diu ting réi sau dé lai gidm. Piy 1a cdu
triic trung gian chi€m ty 1€ 16n trong qu4 trinh chuyén ddi pha cau tric.
Béng 2: Phan b s6 phdi vi cho ciap Al-O trong m6 hinh Al,O; VDH khi nén & cdc mit do

khdc nhau.
Zaro 3 4 5 6 7 8
S&ion AI** (p=2,84 gem™) 0 G2 .-559 29 0 0
S6ion AI** (p =3,45 gem™) 0 352.. 77 131 0 0
S6ion AP’* (p=3,75 gem™) 0 195 748 - <954 3 0
S& ion A" (p=3,90 gem™) ] 141 670 384 4 0
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S&'ion AP (p =4,20 gem™) 0 61 557 553 29 0
S& ion AI** (p = 5,00 gem™) 0 4 185 - 740. 263 8

Quan sdt lai s§ phdi vi trung binh trong bdng 1 cho trudng hop cip Al-O, chiing ta
nhin thidy Z,, thay d6i tir 4,01 d€n 6,07 khi mit d6 ting, k&t hop vdi nhitng phan tich s6
liéu nhdn dudc trong bang 2, chiing t6i k&t ludn ring c6 su chuyén ddi pha cdu triic ti¥ vé
dinh hinh sang v6 dinh hinh trong Al,03 Va cu thé dé 1a chuyén tlr cdu tric tif dién (c6 4
nguyén ti O bao quanh nguyén tif Al) sang cau tric dang luc gidc (bao quanh nguyén tir Al
¢6 6 nguyén tr O).

Chi ti€t hon vé chuyén d6i pha c4u tric khi ti€n hanh nén & cdic mét d§ khdc nhau,
chiing ta c6 th€ quan sit trén hinh 2, thé hién phin b6 s8 phéi vi trung binh & ba mit do
khdc nhau. Chiing ta thdy rd rang cé su chuyén d8i cdu tric, tai mat dé 5,00 g/cm’, dinh
ctia ham phén bd xap xi tai gid tri 6.

Nhitng théng tin vé& cdu tric dia phuong ciia cdc m6 hinh ciing c6 thé nhin dugc qua
viéc khdo sdt phin bd géc lién két giita cdc nguyén ti. Hinh 3 trinh bay tinh todn vé phin
bd géc O-Al-O va Al-O-Al Tir phan b s phdi vi, ching t6i du dodn ring mé hinh Al,0; 8
trang thdi v dinh hinh véi 6 ddn vi cd 88 12 AlQy s& c6 sy thay d8i manh khi nén. Piéu nay
thé hién rd hon qua phin bd géc. Chiing ta bi€t ring mot cdu tric tf dién 1y twdng thi géc
lién két giita O-Al-O 12 109,47°, va Al-O-Al Ia khodng 125 Trong hinh 3, khi mit d6 ting
thi phin bd géc O-Al-O c6 dinh dich chuyén vé khodng 75, trong khi d6 phén bé géc Al-
0-Al c6 dinh dich chuyé&n vé khodng 95° khi mat do ting d&€n 5,00 g/cm’. Piéu nay cho
th&y khodng cdch giita cdc nguyén ti¥ trong cdc 6 cdu tric dang tif dién da bi thay ddi sang
dang luc gidc hoic cdc da dién c6 s6 phdi vi cao han.

IV. KET LUAN

Cilu triic cia AL,O3 v8 dinh hinh v6i mat d6 thuc tai 4p sudt P = 0 GPa, bing phuong
phdp dong Iuc hoc phin t vdi the twong tdc cip Born-Mayer nhdn dugc c6 su phd hgp t6t
véi thyc nghiém. Tinh todn cho thay trong trang thdi v6 dinh hinh cdu tric t& dién chi€m wu
th€ va khi mét do ting tix 2,84 g/cm’ dén 5,00 g/cm’ thi c¢6 sy chuyén ddi cdu tric ti¥ dang
tit dién sang luc gidc. Hién tugng trén trong thudt ngir khoa hoc goi la chuyén pha tr v6
dinh hinh sang v6 dinh hinh (amophous-amorphous phase transition).
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Hinh 2: Phdn b6 s6 phdi vi cia md hinh Al;O; v6 dinh hinh tai nhiét d6 "K
vdi ba mat d6 khdc nhau.
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Hinh 3: Phin b8 géc lién két cia md hinh Al,O3 v6 dinh hinh tai nhiét do 0K véi ba
méit dd khdc nhau.

SIMULATION OF AMORPHOUS-AMORPHOUS PHASE TRANSITION IN
AMORPHOUS AL,0,

Nguyen Hoang Hung, Vo Van Hoang
Dept. of Physics, College of Natural Sciences, HochiMinh City National University

ABSTRACT: We investigated the pressure-induced structural transformation in
amorphous Al;O3 by Molecular Dynamics (MD) method. Simulations were done in the basic
cube under periodic boundary conditions containing 3000 ions with Born-Mayer type pair
potentials. Structure of amorphous Al;O3 model with real density at ambient pressure is in
good agreement with Lamparter’s experiment. In order to study the amorphous-amorphous
Phase transition, six models of amorphous alumina at the temperature of 0 K and at densities
ranged from 2.84 gem™ to 5.0 gem™ had been built, The microstructure of Al;03 systems had
been analyzed through pair radial distribution functions, coordination number distributions,
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interatomic distances and bond-angle distributions. Here we found clear evidence of a
structural transition in amorphous alumina from a tetrahedral to an octahedral network
upon compression.
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