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MO PHONG CAU TRUC VI MO CUA (AL,05).2(SIO,)
Nguyén Thanh Tin', Lé Thé Vinh® va Biii Danh Hao®

ABSTRACT

The paper presents results of microstructural investigation of (A1:03).2(Si0;) by means of
molecular dynamics method with Born-Mayer potentials, periodic boundary conditions.
Simulation were done in the basic cube containing 1650 ions with six different systems at
temperature of 2500 K and different densities, pressure ranging from 0 GPa to 25 GPa,
and with five different systems at pressure of 0 GPa, temperature ranging from 1000 K to
5000 K were prepared. Microstructure of constructed systems has been observed and
analyzed through the structural parameters such as radial distribution function,
coordination numbers, polyhedrons SiO, and AlO, (x=4, 5 and 6).
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Title: Simulation of microstructure of (A1,03).2(Si0;)
TOM TAT

Bai bdo trinh bay két qua nghién citu vi cdu tric cia vit liéu (A1,03).2(Si0,) bang
phirong phép dong lwc hoc phén tir voi thé twong tic Born-Mayer, diéu kién bién tudan
hoan. Qua trinh moé phong dwoc thuc hién doi véi hé gom 1650 nguyén tir voi 6 mo hinh o
nhiét do 2500 K va cac mdt do khdac nhau twong ung voi dai dp suat tir 0 GPa dén 25
GPa va véi 5 mé hinh khdc ¢ dp sudt 0 GPa, cdc nhiét do 1000 K dén 5000 K. Vi cdu triic
cia cdc hé dudi tic dong ciia dp sudt dwoc khao sdt va phan tich thong qua ham phén bo
xuyén tam, s6 phoi tri, cdc da dién SiOy va AlOx (x=4,5 va 6).

Tir khéa: Vi ciu triic, mé phéng dong luc hoc phén i, xit ba nguyén (A1,03).2(Si0,)

1 GIOI THIEU

Trong nhitng nim gan day, cac vt liéu oxit di duoc sir dung rong réi trong cac
nganh céng nghiép: SiO, dugc tmg dung ché tao cic chit ban dan, thay tinh va cac
vat liéu ki thuat khac; Al,O; duoc s dung rong rii trong ché tao gém bic biét,
hon hgp oxit (A,053).2(S10,) [AS2] la vét ligu co ban trong cong nghé gbm s, loc
hoa dau va 1a thanh phan co ban cua vo trai dat. Do vay, sb luong cong trinh
nghién curu vé vat liéu SiO,, ALO; va AS2 da taing nhanh. C6 mdt s6 cong trinh
nghién ciru da khao sat sy thay doi cdu trac trong dai 4p suét tir 3 GPa dén 5 Gpa
(Kostya Trachenko and Martin T. Dove, 2003). Su thay ddi cau trac vi mé dan dén
pha v& trat ty trung binh va qua trinh chuyén pha - hoi phuc cau triic da duge khao
sat. Anh huong ctia chuyén pha 1én cac tinh chit co hoc dugc nghién ctru bang mé
phong Monte Carlo (MC) st dung mé hinh qua cau cimg (Matthew H. Ford,
2004). Qua trinh chuyén pha tir trang thai vo dinh hinh (VDH) ndy sang trang thai
v6 dinh hinh khac (& trat tu tha nhat) xay ra trong Si0, dudi tac dung cua ap sut
tuong tu voi sy chuyen pha nay xay ra trong H,O. O nhiét do thap, sy chuyén pha
nay dugc thay bang sy thay doi cham céu trac trong SiO, (Daniel J. Lacks, 2000).
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Két qua cho thdy, ton tai hai pha nay & diéu kién ap suat khac nhau 1 rat thu vi.
V6i cling mot dai nhiét do, pha thir nhat bén vimg & ap suét thap, trai lai pha thtr
hai bén viing & ap suat cao. Ving ap suét xay ra chuyén pha da duoc nhiéu cong
trinh dé cap dén, két qua thu dugc ciing kha khac nhau, c6 tac gia thu duoc két qua
1a 14 GPa dén 22 GPa (Daniel J. Lacks, 2000); trong khi gia tri nay Polian do duoc
1a 8 GPa dén 25 Gpa (A. Polian and M. Grimsditch, 1990). Céu trac ctua AlO;
VDH dugc nghién ciru ¢ nhidu cong trinh mé phong va thuc nghiém. Nhin chung,
ket qua nghién ctru cho thdy d6 dai lién két Al-O trong khoang 1.8 Adén19Ava
s6 nguyén tr O xung quanh nguyén tir Al trong khoang 4.0 dén 4.8. Céu triic cia
hé dugc tao boi tir cac tir dién AlO, va bat dién AlOg voi ty 1€ phu thude vao
phuong phép, quy trinh lam mau thi nghiém. Tac gia Lamparter va cong su da
nghién ctru vi cau tric cia AL O, bang ca phuong phap thuc nghiém nhiéu xa tia
X, nhiéu xa neutron va phuong phap mé phong Monte Carlo (P. Lamparter, R.
Kniep, 1997). Két qua cho thdy, c6 20% nguyén tir Al voi 3 nguyén tir O bao
quanh, 56% nguyén tir Al c6 4 O va 22% nguyén tir Al ¢ s6 phdi tri O 1a 5, s6 liéu
nay cling dugc xac nhan (G. Gutierrez, 2000). Vit li¢u (AL,05).2(Si0,) duogc
nghién ctru trong cong trinh (N.V. Hong, N.T. Nhan, P. K. Hung, 2007), tac gia
xdy dung mo hinh AS2 gdm 1100 nguyén tir & nhiét d6 3000 K, ap suat thay ddi
theo cac gié tri 1a 0 GPa, 3 GPa, 5 GPa, 7 GPa, 9 GPa, 11 GPa, 13 GPa, 15 GPa va
20 GPa. Téc gia da tinh dugc do cao cuc dai thir nhét cua gsisi(r) 12 4.84 A tai gia
tri r =3. 18A do6 cao cyuc dai thtr nhat cua gsio(r) 1a 14.12 A tai gia tri r =1.58 A do
cao cuc dai thir nhit ciia go. (1) la 7.84 A tai r = 1.64 A. Cho t6i nay, da co so
luong 16n cong trinh nghién ctru vé vi cdu tric AS2. Tuy nhién sy 1y giai day du vé
su thay ddi vi céu trac dudi tac dong cua ap sudt va nhiét do van chua thoa dang va
con nhitng van dé dang dugc théo luan. Trong bai bio nay chung toi nghién ciru
chi tiét sy thay ddi ciia cdu triic mirc do nguyén tir thong qua viéc khao sat, phan
tich dic trung cdu tric nhu ham phan bd xuyén tam, phan bd s6 phdi tri, do lién
két giita cac cap nguyén ti.

2 PHUONG PHAP TINH TOAN

Mo hinh vt liéu (ALO3).2(Si0,) gdbm 1650 nguyén tir (300 nguyén tir Si, 300
nguyén tir Al va 1050 nguyén tir O) duoc xay dung bang phuong phap mé phong
dong luc hoc phén tir voi didu kién bién tudn hoan va thé twong tac Born-Mayer:

q; q]
U.. = +A exp( B..1..) )

1 I.. B
1
Chi tiét vé cac hé s cia thé turong tic co thé xem trong tai liéu tham khao (N.V.
Hong et al, 2007; V.V. Hoang et al., 2007). Cau hinh ban dau, cac nguyén duoc
gieo ngﬁu nhién véi nhiét d6 7000 K, sau 65.000 buéc mo phong, hé duoc dua vé
trang thai can béng & nhiét d6 2500 K, ap suét 1a 0 GPa, mat do 2.537 g/cm3. Tu
trang thai on dinh, h¢ dwoc nén ap suit 5 GPa, 10 GPa, 15 GPa, 20 GPa, 25 GPa
sau 25.000 budc. Dé khao sat sy anh huéng cua nhiét do, tir dit liéu & mau 6n dinh
ban déu tai nhiét d6 2500 K va ap sudt 0 GPa, chung t6i cho xay dung 6 mau & ap
sudt khong doi 0 GPa, véi cac nhiét do tir 1000 K, 2000 K, 3000 K, 4000 K, 5000
K. M&i mé hinh sau khi xay dung, duoc tiép tuc 6n dinh ciu tric sau 25.000 budc
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moé phong. Dé tang tinh thong ké cua phép do, s6 liéu tinh toan cua cac thong sb
dic trung dugc lay trung binh cua 1000 lan tinh véi 5 bude méd phong duoc xéac
dinh mot lan.

3 KET QUA VA THAO LUAN

S6 liéu vé ham phan bd xuyén tdm cua cac moé hinh duoc trinh trén hinh 1 va cac
bang 1, bang 2.
Bang 1: Vi tri dinh thir nhat rjj (A) ciia ham phén b xuyén tam ciia hé AS2 theo ap suit

P, GPa Si-Si Si-O 0-0 Si-Al 0-Al Al-Al
0 3.16 1.60 2.64 3.16 1.64 3.14

5 3.14 1.58 2.62 3.16 1.66 3.12
10 3.14 1.60 2.54 3.12 1.70 3.06
15 3.14 1.62 2.54 3.12 1.72 3.04
20 3.14 1.64 2.50 3.06 1.72 3.00
25 3.14 1.64 2.48 3.08 1.74 3.02
Bing 2: Pj cao dinh thi nhét g;j(r) ciia ham phan b6 xuyén tim ciia hé¢ AS2 theo ap suit
P, GPa Si-Si Si-O 0-0 Si-Al 0-Al Al-Al
0 5.18 14.30 3.08 4.11 7.97 343

5 4.47 11.66 2.73 3.60 6.22 3.22

10 3.71 7.59 2.40 3.22 4.74 2.92
15 3.72 6.77 2.43 2.99 4.40 3.26
20 3.49 6.13 243 3.30 4.20 2.88
25 3.57 5.94 2.50 3.22 4.12 3.09

Két qua trén hinh 1 va cac bang 1, bang 2 cho thdy, khi ap sut ting, d6 dai lién két
clia cac cap lién két giita cac nguyén tir Al-Al va O-O giam, trong khi lién két Si-O
va O-Al tang. Do dai lién két cta cap Si-Si giam khi 4p suét ting tir 0 GPa dén 5
GPa va hau nhu khong thay doi khi ap suét tang trong khoang gia tri tr 10 GPa
dén 25 GPa (Bang 1), Céc gia tri cua cap lién két Si-O va O-Al ‘phu hop véi gia tri
thuc nghiém la 1. 61A va 1.66 A [7, 8]. D6 dai cua cdp lién két O-Al ting nhanh
hon so véi Si-O (Ar,, , =0. 14 so véi Ar, , =0.04 1&) D6 cao dinh thtr nhat ciia

ham gj(r) cia ham phéin b xuyén tdm cua hé¢ AS2 déu giam khi ap suat ting
(Bang 2). D6 cao dinh thir nhat ciia ham phan bd xuyén tm cac cap lién két Si-Si,
0-0 va Al-Al xuét hién cuc tiéu tai 4p suat 20 GPa.

So lidu vé phan bd sb phdi tri dugc trinh bay trén Bang 3. Két qua cho thay khi ap
suét tang s6 phéi tri trung binh cua tat ca cac cap déu tang. Trong do, sb phdi tri
trung binh cua cdp lién két Al-O ting tir 3.73 dén 6.41, cap Si-O tang tir 4.01 dén
6.22. Didu nay chung t6 ciu trac thay doi theo xu hudng chuyén tir ciu tric tir dién
sang cAu tric bat dién.
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Hinh 1: Ham phén bd xuyén tim ciia hé AS2 & ap suit 0 GPa

Bang 4 trinh bay s liéu phan b s6 phdi tri cap O-Si. O p suét thip, bao quanh 1
nguyén tir O 1a 1 hodc 2 nguyén tir Si va c6 mét ti 1& dang ké truong hop khong co
nguyén tir Si ndo bao quanh 1 nguyén tir O. Tuy nhién, khi 4p suét ting ti 1 khong
¢ nguyén tir Si bao quanh nguyén tir O giam dang ké va & khoang ap suit 5 GPa
dén 10 GPa c6 xuét hién truong hop c6 3 nguyén tir Si bao quanh 1 nguyén tir O.
Nhu vay, ¢ p suat thap, tir 0 GPa dén 5 GPa van c6 cau trac "tricluster" gom 3
cation 14 Si bao quanh 1 nguyén tir O, nhung ti 1& xudt hién rat thip. Cau trac
"tricluster" xuét hién nhiéu hon & ap suat vao khoang tir 10 GPa dén 25 GPa va

tang khi ap suét tang.
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Bing 3: S6 phdi tri trung binh ciia cac cip lién két trong h¢ AS2 & cac ap suét khac nhau
P, GPa Si-Si ~ Si-O  Si-Al  O-Si  0-O O-Al AlSi  AlIFO Al-Al

0 2.30 4.01 2.38 1.32 7.10 1.37 2.36 3.73 3.20
5 2.45 4.11 2.92 1.34 8.39 1.47 2.89 4.15 3.87
10 3.35 4.61 4.02 144 10.77 1.56 4.01 4.73 4.90
15 3.93 4.79 4.17 1.50 1144 1.66 4.17 5.05 5.48
20 4.00 5.04 4.85 1.53  12.06 1.65 4.85 5.21 5.23
25 5.31 6.22 6.11 249 13.50 2.55 6.11 6.41 6.42
Bang 4: S6 phi tri ciia cip lién két O-Si theo cac ap suit khac nhau
P, GPa 1 2 3 4 5
0 0.134 0.377 0.488 0.001 0.000
5 0.121 0.379 0.491 0.009 0.000
10 0.086 0.318 0.543 0.052 0.000
15 0.087 0.283 0.523 0.106 0.001
20 0.061 0.276 0.560 0.102 0.001
25 0.036 0.317 0.541 0.106 0.000
Bing 5: S6 phdi tri cita ciip lién két O-Al theo cac ap suét khac nhau
P, GPa 1 2 3 4 5 6
0 0.224 0.303 0.268 0.201 0.004 0.000
5 0.192 0.255 0.309 0.223 0.020 0.001
10 0.135 0.235 0.373 0.226 0.030 0.000
15 0.132 0.189 0.369 0.230 0.080 0.001
20 0.098 0.215 0.411 0.221 0.055 0.001
25 0.057 0.271 0.413 0.213 0.045 0.001

S6 lidu vé sb phdi tri cap O-Al duoc trinh bay trén bang 5. Két qua nay chimg to, &
ap suat thip, c6 tir 1 dén 3 nguyén tir Al bao quanh 1 nguyén tir O va ciing c6 mot
ti 1¢ dang ké truong hop khong c6 nguyén tir Al nao bao quanh O. Tuy nhién, ciing
giéng nhu Si, khi tang ap suét thi ti 1 ndy ciing giam dang ké. Bén canh dé, khi
tang ap suét ciing lam xuét hién cdc truong hop c6 4 nguyén tir Al bao quanh 1
nguyén tir O, mac du ti 1& nay rét thap. Nhu véy, ciu tric "tricluster” gdm 3 cation
1a Al bao quanh 1 nguyén tir O ludn xuat hién trong hé AS2 & cac ap suat khac
nhau va hau nhu ciu tric nay khong thay d6i khi thay ddi ap sudt cua hé.

Két qua khao sat sy anh hudng cua nhiét do dén vi ciu trac ciia AS2 duoc trinh
bay trong cac bang 6 dén bang 12. Khi nhiét d¢ tang, d dai lién két cua cac cip
lién két déu giam, tuy nhién d6i véi cap lién két O-O va Al-O lai c6 cuc dai tai
khoang nhiét 46 3000 K (Bang 6).

Béng 6: Vi tri dinh thi nhét r; (A) ciia ham phéan bé xuyén tam ciia h¢ AS2 theo nhiét d)

T, K Si-Si Si-O 0-0 Si-Al 0-Al Al-Al
1000 3.18 1.60 2.62 3.18 1.64 3.18
2000 3.18 1.60 2.60 3.16 1.64 3.18
3000 3.16 1.58 2.64 3.16 1.64 3.12
4000 3.16 1.58 2.62 3.16 1.62 3.14
5000 3.16 1.58 2.62 3.12 1.62 3.16
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Bing 7: Pj cao dinh thi nhit g;;(r) ham phin b6 xuyén tim ciia h¢ AS2 theo nhiét do

T, K Si-Si Si-O 0-0 Si-Al 0-Al Al-Al
1000 7.18 20.23 3.45 5.50 9.82 4.23
2000 5.66 15.92 3.20 443 8.42 3.55
3000 4.85 13.39 2.93 3.68 7.60 3.29
4000 4.64 12.64 2.88 3.47 7.34 3.03
5000 3.90 10.46 2.52 2.88 6.29 2.82

Do cao dinh thtr nhat 16n nhat cac cap déu giam khi nhiét d6 ting (Bang 7). Trong
d6, d6 cao dinh thtr nhit ciia cap Si-O giam nhanh nhét va cip O-O giam chim
nhit so véi cc lién két con lai.

S6 phdi tri trung binh cua cac cdp lién két déu giam khi nhiét do ting (Bang 8).
Tuy nhién, gia tri ndy ciia cic cdp lién két lai ting manh & khoang nhiét do
5000 K. Sb phdi tri trung binh cua cip lién két O-Al c6 gia trj 16n nhat so véi cac
cap lién két con lai.

Bing 8: SO phdi tri trung binh ciia cac cip lién két trong hé AS2 theo nhiét dd

T, K Si-Si Si-O 0-0 Si-Al 0-Al Al-Al
1000 2.32 4.03 2.44 1.33 7.20 1.40
2000 2.29 4.01 2.40 1.32 7.08 1.38
3000 2.32 4.01 2.33 1.33 7.03 1.37
4000 2.27 4.00 2.22 1.32 6.58 1.34
5000 3.33 5.01 3.19 2.15 7.91 2.03

86 phi trf ctia cdp lién két Si-O chii yéu 1a 4 va 5 va hau nhu khong thay doi theo
nhiét d6. Nhu vay, cac dop Vi cdu truc chfg yeu trong hé 1a SiO,4 va SiOs, & nl}iét (j(f)
khoang 5000 K c¢6 sy xuat hién don vi cau trac magi SiO; nhung véi ti 1€ rat thap
(Bang 9).

Bing 9: S6 phdi tri cita Si-O & cac nhiét d9 khac nhau

T,K 1 2 3 4 5

1000 0.000 0.000 0.000 0.968 0.032
2000 0.000 0.000 0.000 0.985 0.015
3000 0.000 0.000 0.001 0.983 0.016
4000 0.000 0.000 0.003 0.991 0.006
5000 0.000 0.000 0.017 0.941 0.042

Doi v6i Al-O, chu yéu la cac cau trac AlO;, AlO4 va AlOs va mét ti 1¢ rat nho
khong dang ké cac cau triic AlO, va AlO¢ (Bang 10).

Bing 10: S6 phéi tri ciia Al-O & cac nhiét d9 khac nhau

T, K 1 2 3 4 5 6

1000 0.000 0.000 0.186 0.744 0.069 0.001
2000 0.000 0.000 0.245 0.672 0.081 0.002
3000 0.000 0.000 0.282 0.647 0.069 0.003
4000 0.000 0.001 0.371 0.574 0.053 0.001
5000 0.000 0.003 0.392 0.524 0.078 0.004
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Bang 11: S6 phdi tri ciia O-Si & cac nhiét d) khac nhau

T, K 0 1 2 3
1000 0.133 0.374 0.493 0.000
2000 0.133 0.378 0.488 0.000
3000 0.137 0.369 0.494 0.000
4000 0.137 0.373 0.490 0.000
5000 0.088 0.444 0.465 0.003

Co tir 1 dén 3 nguyén tr Al bao quanh 1 nguyén tr O va c6 mot ti 1¢ rat nho 4
nguyén tir Al bao quanh 1 nguyén tir O. Ciu tric nay ciing khong thay dbi theo
nhiét 6. Truong hop khong c6 nguyén tir Al nao bao quanh 1 nguyén tur O ciing
xuat hién voi mét ti 1€ rat dang ké (Bang 12).

Bing 12: S6 phéi tri ciia O-Al & cac nhiét d9 khac nhau

T, K 0 1 2 3 4
1000 0.220 0.284 0.280 0.214 0.002
2000 0.222 0.301 0.264 0.206 0.007
3000 0.227 0.303 0.268 0.195 0.007
4000 0.235 0.318 0.266 0.179 0.003
5000 0.154 0.410 0.293 0.137 0.005

V& ti 1& nguyén tir Si bao quanh 1 nguyén tir O, cha yéu co tir 1 dén 2 nguyén tir Si
bao quanh 1 nguyén tr O, cdu trac nay hau nhu khong thay dbi theo nhiét do.
Ciing co ti 18 rat dang ké khong co nguyén tir Si ndo bao quanh 1 nguyén tir O
(Bang 11). Ti I¢ nay c6 xu hudng giam & nhiét do 5000 K.

S liéu trén cac bang 6 dén bang 2 cho théy, khi nhiét d¢ tang, cAu triic vi mé cua
AS2 thay d6i it veé do dai lién két, so phoi tri cia cac cdp nguyén tir. Cau triic chu
yéu la SiO4 va AlO,4. C6 xuat hién SiOs, AlOs véi ty 1€ 4.2% va 7.8%.

4 KET LUAN

C6 11 md hinh vat lidu (Al,05).2(S10,) da dugc xay dung, c6 thong s6 ham phéan
b xuyén tim phu hop vai s6 liéu ciia cac cong trinh thyc nghiém va mé phong da
duogc thuc hién. Cac mo hinh nay co thé duoc st dung dé nghién curu cac tinh chét
vat ly khac.

Két qua nghién ctru da cho thay, khi ap sut ting lién két Si-O va O-Al ting, trong
khi cac lién két cap khac giam. Lién két O-Al ting nhanh hon so véi Si-O va cac
lién két khac. Gid tri d6 cao ham phan b xuyén tdm cua cac cip giam dang ké khi
nén & cac ap suat khac nhau. Trong d6, do cao dinh thir nhét cip Si-O giam
manh nhét.

O ap suat thap, cac don vi cdu triic cha yéu 1a SiO,, AlO,. Khi 4p suét ting, cac
don vi ciu trac SiO,, AlO, giam; cac don vi ciu trac SiOg, AlOg ting, qué trinh
chuyén dbi nay dién ra manh nhat & khoang ap suét 15 GPa.

Céu trac “tricluster” thay doi dang ké dudi tic dong cua ap suat. Khi ap suat trong
khoang 0 GPa dén du6i 10 GPa, c6 1 dén 2 nguyén tir Si xung quanh 1 nguyén tir
0; ¢6 1 dén 3 nguyén tir Al bao quanh 1 nguyén tir O. Pong thoi, c6 ti 1 dang ké
truong hop khong c6 nguyén tir Al hodc Si bao quanh nguyén tir O & ap suét thap.
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Tuy nhién, khi ap suét tang thi ti 1¢ nay giam di dang ké. Khi 4p suét ting dén
khoang trén 10 GPa, xuat hién truong hop c6 3 nguyén tir Si bao quanh 1 nguyén
tu O va 4 nguyén tir Al bao quanh 1 nguyén tr O.

Khi nhiét do tang, cAu tric vi mé cua ’AS2 thay ddi khong nhiéu, don vi cu trac
chu yéu la cac ttr dién SiO, va AlO4. S6 nguyén tur Si va Al bao quanh nguyén tir O
gan nhu khong thay doi khi nhiét do tang. Chu yéu c6 1 dén 2 nguyén tu Si va co 1

I3
A G

dén 3 nguyén tu Al bao quanh mét nguyén tw O. SO “tricluster” ¢ trong md hinh
la khong nhiéu.
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