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TOM TAT
Bai bdo xdy dung va dwa ra biéu thirc twong quan giita phdn bé géc lién két trong
cdc don vi cdu triic AOy Va OAy vaoi ty phan cia chiing trong vit liéu. Tinh ding dan cia

moi twong quan do duwoc kiém tra mét cach cé hé thdng 0 cac trang thdi khdc nhau trén
vat liéu SiO, va Al,O3 ¢ trang thdi long, thuy tinh va rdn vé dinh hinh. Su phu thugc cua
cdc ddc trung vi cdu triic nhw ham phdn bé xuyén tam, phdan bé so phéi tri, phin b6 goc
lién két, ty phan cdc don vi cdu triic vao dp sudt va ban chdt cia qud trinh thay déi mdt
dé trong vt liéu dwoc phan tich chi tiét. Két qua dong hoc trong vit liéu SiO, va AlyOs
Iong ciing dwgce phan tich sé cung cdp cdc thong tin khd ddy dii vé vi cdu tric va dong

hoc trong nhom vat liéu nay.

Tir khoa: don vi cau triic, vé dinh hinh, phan bo g0c, séphéi .
*

1. Mé& dau

Cac h¢ Oxit co ung dung rong rai va
quan trong trong nhiéu linh vyc nhu vat 1y,
dia vat 1y, hod hoc va céng nghé vat liéu.
Oxit ban dan duoc sir dung dé ché tao cac
thiét bi dién tir nhu pin quang di¢én, cam
bién khi, trong cong nghiép hoa hoc phan
16n céc chét xtic tic quan trong 13 oxit. Mot
mg dung quan trong nita ctia OXit phai ké
dén 1a trong cong nghé gém nhiét do cao,
d6 thuy tinh gia dung. ..

Pi ¢6 nhidu phuong phép thuc nghiém
phan tich vi cdu trac bén trong vat liéu Oxit
nhu nhiéu xa tia X, nhiéu xa notron, cong
huéng tr hat nhan... Tuy nhién van con
nhiéu van dé chua rd rang. Gan déy, ¢6 nhiéu
nghién ctru da chi ra tinh da thi hinh, chuyén
pha thu hinh, anh hudéng cta nhiét do 1€n vi
chu tric cua vat ligu Oxit. Cac khéi niém nhu
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khuyét tat ciu tric, 16 hong bén trong ciu
trac mat trat tu cling da duoc khao sat. Bac
biét vat liéu SiO, va Al,O3; dugc nghién ciru
rong rii bang cac ki thuat thyc nghiém va cac
ki thuat mé phong nhu phuong phap dong
luc hoc phan tir (BLHPT), Monte Carlo va
nguyén 1y ban dau (abitio).

Trong [18], Zachariasen da du doan
c4u triic cua SiO; & trang thai vo dinh hinh
(VDH) va long bao gdm cac don vi céu
tric co ban SiOy lién két voi nhau trong
mot mang lién tuc va khong co trat tu xa.
Nhitng tién doan cua Zachariasen da duoc
thuc nghiém x4c nhén thong qua ki thuat
nhiéu xa tia X ctia Mozzi va Warren [7].
Trong mdi don vi ciu tric SiO4, cac thong
tin cdu trac dugc xac dinh boi s6 phdi tri
(SPT), do dai lién két cip Si-Si, 0-0O, Si—
0; goc lién két Si—O-Si va goc lién két O—
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Si—0. Do dai lién két trung binh Si-O, O-
O va Si-Si trong SiO, ¢ 4p sudt thuong
tuwong Gmg bang 1,59; 2,61 va 3,07 A [13].

Trong [1], Geissberger 1an dau tién phan
tich phé 'O NMR cua SiO; thuy tinh thu
duoc goc lién két Si—O-Si trung binh 12 144°.
Nghién ctru phan b goc bang phuong phép
nhidu xa tia X gan day cho két qua goc lién
két Si-O-Si trung binh bang 151°[3] va 144°
[8]. Két qua nghién ctru phan bd goc Si-O-Si
cta SiO, long va thuy tinh thu dugc bang
phuong phap dong luc hoc phan tir (DPLHPT)
trong [4,5] thu duoc 1a 152° va 145°,

Vi oxit Al,O3 thudc loai vat liéu gbm
c¢6 nhiét d6 nong chay rat cao (c& 2.327K)
nén rat khé khian cho cic nghién ctru céu
trac ciia vat liéu nay bang thuc nghiém.
Trong [14], bang phép do thyc nghiém
nhidu xa tia X, Ansell va cac cong su da
xac dinh dugc do dai lien két trung binh
Al-O, vd O-O tuong tmg bang 1,76 va
3,08 A, SPT trung binh cua Al wéc lugng
duogc trong khoang 4,4 + 1,0.

Bing phuong phap nhidu xa tia X va
nhiéu xa notron cho mang Al,0; VDH,
Lamparter va Kniep [9] d4 chi ra rang trong
mau c6 20% nguyén tir Al c6 SPT = 3
(AlO3), 56% c6 SPT = 4 (AlO,4) va 22% cé
SPT =5 (AlOs). Cac nhom AlO4, AlOs va
AlQg ciing dugc tim thay trong khi nghién
citu chuyén VDPH cua o-Al,0; bang
phuong phap NMR cua hat nhan %Al [15].
Céu truc cua Al,O long con dugc nghién
ctru bang phuong phap mé phong DLHPT.
Trong cong trinh ctia San Miguel va cac
cong su [2] da mo phong Al,Os long &
nhiét do tir 2200 K dén 3000 K va di chi ra
rang c¢6 hon 50 % nguyén tir Al c6 SPT = 4
va chuyén pha ciu tric tir tir dién sang cau
trac bat dién trong dai mat do tir 3,6 dén 4,5
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g/cm®. Phan bd SPT trung binh thu dugce 1a
ZAI-O = 4,4.

Co su khac biét kha 16n giira cac két
qua thu dugc tr cac phuong phap thuc
nghiém va mo6 phong khac nhau, ca vé goc
lién két thu dugc va pham vi phan b cua
no, diéu do co thé lién quan dén viéc sir
dung cac thé twong tac khac nhau. Tuy
nhién, con rat nhiéu van dé vé vi ciu trac
va anh hudng cua vi cdu trac d&én cac tinh
chét vat 1y cia cac vat liéu SiO, va Al,O3
hién nay can duoc lam séng to. Trong bai
béo nay, chung toi tiép tuc nghién ctu vi
cu trac cua hai 6xit dién hinh 1a SiO, va
Al,03 dudi tac dong cia ap suét, xay dung
mbi twong quan gitra phan bd goc lién két
(PBGLK) voi ti phan cac don vi cdu triic
trong vat licu, két qua thu dugc s& hd tro
cho cac phép do thuc nghiém. Ngoai ra,
dong hoc trong hai loai vat li¢u nay ciing
dugc nghién ctu thong qua ham tuong
quan hai diém va bdn diém.

2. Phuwong phap tinh toan

Phuong phap mo6 phong DLHPT dugc
thuc hién trén hé SiO, thuy tinh chira 1998
nguyén tir (666 nguyén tr Si va 1332
nguyén tir O), st dung diéu kién bién tuin
hoan va thé tuong tic Beest-Kramer-van
Santen (BKS) ¢6 dang sau:

e’ C;
Uij r =0q; r"‘pﬁj eXp _Bijrij s 1)
ij iij

M6 hinh Al,O3 Iong gdm 2000 nguyén
tr duoc xdy dung bang thé twong tic Born
Mayer (BM) c6 dang sau:

e’ i | G Dy

U; r =qa; ?j+ By exp[__]_?g_T? (2)
Trong (1) va (2): r 1a khoang cach gitra

hai tdm cua ion thwr i va th j; Uj(r) 1a nang
lugng tuong tac cia cac nguyén tir i va j. Khi
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r — 0 thi s6 hang thir nhat trong ham thé tién
téi oo, sb hang thir hai tién téi Bjj. S6 hang
thir nhat 1a trong tac Coulomb duge miéu ta
boi thong s6 tu do d6 14 dién tich hiéu dung
Qi Gj Thanh phan twong tac thir ba (Cjj) va
thtr tu (Dj) thuong duoc bo qua do dong gop
rat yéu so v6i ning luong tong cong. Gid tri
cac hé sb duoc chi ra trong bang 1.

M6 hinh Al,O3 VDH, mat d¢ tur 2,84
dén 3,81 g/em® gdm 3000 nguyén tir duoc
md phong bang phuong phap PLHPT.

Bing 1. Cac thong so ciia thé BKS doi véi hé

SiO,
Cap | Aws(eV) | Bag(A | Cap(eV | Dién tich
nguyén Y A% ()
ter
O-O | 1388,773 | 2.760 |175.000| qo=-1.2
Si-O  |18003.757 | 4.873 | 33.538 | gs=+2.4
Si-Si 0.0 0.0 0.0 -

3. Két qua va thio luin

3.1. Mo phong vt liéu SiO, thuy tinh

3.1.1. Su dnh hwéng ciia dp sudt lén vi
cau tric cia SiO; thuy tinh

Hinh 1 biéu dién ham PBXT thanh phan
gSi-o(l’); gSi-Si(r) va go-o(r) O cac ap suét 0,5
va 25 GPa. Cac dac trung cua ham PBXT
phu hop véi cac tinh toan trong cong trinh
[12]. O ap suat thuong, do dai lién két Si-O,
Si-Si va O-O tuong ung la 1,6; 3,08 va 2,6
A. Két qua nay phu hop vé6i dit liéu thuc
nghiém trong cong trinh [2] va két qua mo
phong trong cong trinh [11]. Hinh 2 chi ra su
phu thudc cua ti 18 cac don vi ciu triic SiOy
(x =4, 5, 6) va OSiy (y = 2, 3) vao ap sut
ctia mo hinh. O 4p suat thuong, ti 1¢ cac don
vi cAu tric SiOy4 chiém da sb (> 96 %), Si0,
¢6 ciu trac mang tr dién. Khi 4p suét ting
Ién, SiO; 1ong chuyén dan tir cdu trac mang
t& dién sang cu trac mang bat dién (¢ ap
suat 25 GPa, hau hét cac don vi ciu trac 1a
SiOg). Két qua nay phu hop véi cac két qua
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Hinh 1. Ham PBXT cia mé hinh SiO, thuy
tinh xdy dung bang thé tuwong tac BKS ¢ cdc
ap suat khac nhau, nhiét do 300K.

3.1.2. Phdn bé goc lién két

Hinh 2. Su phu thudc cia ti phan cdc
don vi cau truc SiOy vao mdt do mo

hinh.

PBGLK cua O-Si—O xéc dinh bai biéu thuc:

:msm 0 +Mmg; 6 +mg, 0

dg 0
6ng, +10ng; +15n,

=6AS,0g, 0 +10AS,0q, O +15AS,0q O

(3) voi
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nS|4 + nSI5 + nS|6 mS'4

— g _ i g _ mSiS
» Isia = » Ysis Y =
6ng, +10ng, +15ng, " = 6ng, ' 10ng,
Bing phuong phap tuong ty, PBGLK ciia Si—O-Si ¢6 thé duoc viét nhu sau:

My, @ +My; 6

rnSiG 0

0 =
) gSI6 15n8i6

6 = =BO 6 +3BO 0 4
gO n02 +3no3 ZgOZ 3g03 ( )
‘ Mos O
Voi Gy 0 - mg;; , Oos 0 =3 B= oz Mos
Nos Noz + 3N

Tir hinh 3 va 4 ¢6 thé thiy 13 rang két qua mo phong phu hop rat tot voi dir lidu tinh toan
bang phuong trinh (3) va (4).
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O-Si-O tinh tir phirong trinh (3)

- o

(dwong nét lién) va theo mé phong.

3.2. Mé phong vit liéu Al,O3 long

Si-0-Si tinh tir phuong trinh (4)

R

(dwong nét lién) va theo mé phong.

3.2.1. Su dnh hwong ciia dp sudt 1én vi cdu tric ciia AL,Os long

Hinh 5. Ham PBXT cua mé hinh AL,Os long
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Hinh 6. Su phu thuéc cua tiphd‘n cdc don’v_i
4, 5, 6) va cac lién ket

xdy dung bang thé tirong tac BM & cdc dp sudt
khac nhau, nhiét do 3000 K.
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cau triic A0y (x =

OAly (y =2, 3, 4) vao ap sudt.
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Hinh 5 trinh bay cac ham phan b
xuyén tam thanh phﬁn gar-ai(n); garo(r) va
go-o(r) cia Al,O3 10ng & cac ap suét 0, 3 va
20 GPa, ¢ nhiét do 3000 K.

Hinh 6 chi ra sy phu thudc cua ti I¢ cac
don vi cdu trac AlOx (X = 4, 5, 6) va OAly
(y =2, 3, 4) vao ap suit. Két qua tinh toan
do dai lién két AI-Al, Al-O va O-O tir md
My 0 +Mys 6 +M, 6

9y 0 = =6AS,
6n,, +10n,, +15n,,
016
o ALO,
gAM
LELE
gAIS
0.12-
S 0104 i
g g
= 008
"(ég A%
O 0.06 “&
2 =
0.04 —
0.02-
0.00- B8
T T T T T T

80 100 120

6 (do)
Hinh 7. Cdc ham phan bé géc O-Al-O riéng
phan gux(0) cho cdc don vi
cau tric AlO.

140

Cac ham g,, € dugc gidi thiéu trén
hinh 7. Déi v6i AlO4, ham g,, & c6
dang ham Gauss vdi mét dinh chinh & vi tri
105°. Vi AlOs, ham g5 € c6 mot dinh
va mot bo: dinh chinh c6 vi tri 85°, bor co vi
tri 165° . Véi AlOg, ham g, 0 c6 mot
dinh chinh c6 vi 80° va mot dinh nhé & vi
tri 160°. Hinh 8 mo ta PBGLK tong cong
ctia O-Al-O dbi véi cac md hinh ALLO; véi
két qua tinh toan bang phuong trinh (5) &
cac mat do khac nhau. RO rang la cac két
qua tinh toan phu hop rat tot voi dir liéu mo
phong . PBGLK tong cong Al-O—Al dugc
chi ra trén hinh 8 vé6i két qua mo phong va
két qua tinh toan tir phuong trinh (5) cho
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hinh c6 mat d¢ thap (2,71 g/cm3) tuong ung
1a 3,14; 1,68 va 2,78 A phu hop rit t6t voi
cac dir liéu thuc nghiém da dugc cong bd
trong cac cong trinh [17].

3.2.2. Phén bb géc lién két

Xéac sudt tim thdy goéc lién két nam
trong khoang 8 + d6 dugc cho boi:

gAI4 9 +]'OASSgAIS 6 +15A86gAl6 9 (5)

271 glem’ ] 298 glem’ | 3.20 glem’

——
3.68 glem®

——
356 glem’ |

3.40 glem’®

D
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0 (do)
Hinh 8. Phdn bé goc lién két tong cong
O-Al-O tinh todn tir phuwong trinh (3)
(dwong nét lién) va bang mé phong.

thdy c6 su phu hop tdt.

Simulation

o Exp[52]

gii(r)

g
1(A)
Hinh 9. Ham PBXT tong cong ciia mé hinh a-

ALO; xdy ding bang thé tiong tac Mitsui &
nhiét do 300 K, mdt dé 3,13 g/em® va thuc
nghiém.
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3.3. Mé phong nhom oxit Al,O; v&  két qua tinh toan bang mo phong va tinh

dinh hinh toan tur thuc nghiém khac [10].
3.3.1. Sw anh hwong ciia dp sudt lén vi 3.3.2. Phan bé goc lién két
cau tric ciia AL,O3 VDH S goc tong cong trong hé a-Al,Os
Két qua tinh toan ham PBXT tong cong  duogc xé4c dinh bai:
phu hop rét tot v6i dit liéu thyc nghiém [9] Ny =6N4, +10N,, +15n,, (6)
(hinh 9). Két qua tinh toan do dai lién két, PBGLK téng cong O-Al-O dugc Xac

s6 phdi tri trung binh, gbc llen két dinh boi cong thire:
(G no) V@ (Bn_o_n) PhUhOD rat t6t voi
m 6 +m 0 +m 0
gy 0 =N A A8 T gpg,, 0 Aly+10Agys O Als +15Ag 6 0 Al (7) voi:
6napg 10055 +150 46

A= a4 " a5 Al | Mg @ (g5 0 M5 s O = Malg ¢
’ A 4 - ] - y .
0 AO 57 e 3 3
018 707902 L 018 4 g 1 288 giem 3.20 glemi
0164 —&— 903 012 ]
e
014 g” 008 ]
é—\o: ’ S? 0.04
& E
=k o o1e - 2ogont ] 28 gem ] 388 gend
e i
H F 012
O,
43' I IB‘UI I Iﬂlj‘ I I‘]ll:{]l ‘ Ifl)l I ‘1:0‘ I Iﬂlf{]l I I‘]&) oo U;DIBICII1;DOI12IDI1‘IOUI1‘.;Z]‘ 5‘;‘8‘5‘15{]‘1‘2!‘1;5‘1%‘3]‘ ;JIB"CIITQDOITIZIIT“!DITé]‘
0 (do) 0 (do)
Hinh 10. Cdc ham phdn bé géc Hinh 11. Phdn bé goc lién két tong cong Al-O-Al
Al-O-Al riéng phan goy(6) cho cdc lién két OAl,. tinh tir phwong trinh (7) (dwong nét lién) va bang
mo phong.

Hinh 10 })iéu dién PBGLK cua O-Al-O thu duoc tr m6 phong va tinh bang phuong
trinh (7). Két qua tinh toan phu hop rat tot véi moé phong. Bang phuong phap tuong tu,
PBGLK cua Al-O-Al duoc viét nhu sau:

Moy 6 +Mg3 6 +mgy, 6
noz + 3n03 + 6no4

B— Nop +Nog +Ngy * Oos 2] _m 0 “Oos ] _u * Oou ] :M
Noz +3Ng; + 6Ny, Mo, Nos Moy
Hinh 11 biéu dién PBGLK cua Al-O-Al cho sdu md hinh mé phong va tinh
bang phuong trinh (8). Két qua thu dugc tir mé phong va bang tinh toan phii hop rat
t6t v6i nhau.
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4. Két ludn

Mbi twong quan giita PBGLK va ty
phan cua cac don vi cau trac da duogc
xay dung trong vat liéu SiO, & trang

tuong quan nay c6 y nghia vO cung
quan trong vi nd di cung cp cho thuc
nghiém phuong phap xac dinh sé luong
don vi cu triic co ban trong cac vat li¢u

thai 1ong, vat liéu SiO, thuy tinh, AL,O; €0 dang cau tric mang khi do duogc

long va VBH sir dung ba thé twong tac ~ PBGLK tur thuc nghiém nhiéu xa tia X,
BKS, BM va MS. Viéc tim ra mbi  nhicu xanotron va nguoc lai.
CORRELATION BETWEEN ANGLE DISTRIBUTION AND RATIO OF
STRUCTURE UNITS ON GLASS SiO,, LIQUID Al,03 AND AMORPHOUS
MATERIALS
Hoang Van Hue, Tran Kim Cuong
Ho Chi Minh City University of Food Industry
ABSTRACT
The article has constructed and give expression correlation between the distribution of

bond angle in the unit structure AO, and OA, with rate of them in the material. The
correctness of correlation was then tested in a systematic way the different states on SiO,
and Al,O3 material in the liquid, glass and amorphous solid states. The dependence of the
microstructure features such as radial distribution functions, coordination number
distributions, bond angle distributions, the proportion of structural units on the pressure
and nature of the changes in the density of materials are analyzed in detail. Results kinetics
of SiO, and Al,O3 liquid materials were also analyzed to provide fuller information
structure and dynamical behavior of this material group.
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