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Nghién ciru anh hwong cia nhiét do dén cau tric, sy khong dong nhat cau tric
va dong hoc cua silica long
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Tém tit:

Trong bai bao nay, cic tac gia sir dung phwong phap mé phéng dong luc hoc phan tir dé khao sat sw thay déi ciu
triic va tinh chat dong hoc trong vat liéu silica 16ng. Cu thé, két qua nghién ciru ham phén bd xuyén tim (HPBXT),
s0 phdi tri, cic dic trung ciia domain va niing lrgng trung binh trén mdt nguyén tir cho thay, silica trai qua 3 viing
cAu tric khac nhau khi nhiét d9 tang tir 2000 dén 6000 K. Trong dé, qua trinh thay doi cAu tric xdy ra manh nhit &
khoang nhié¢t do 4500-5000 K. Them nira, cAc tac gia da khao sat ham lién két dam cia cac loai nguyén tir linh dong
(NTLB), khong linh dong va ngau nhién. Ket qua khang dinh, nhiét do cang cao thi cAu tric ciaa silica 16ng cang
dong nhit va hién tugng khong dong nhit ciu tric chi xdy ra ¢ nhiét do dudi 3500 K. Cubi cung, nghién ctru chi ra

nguyén tir O trong vat liéu c6 linh dong hon nguyén tir Si.

Tir khéa: domain, ham lién két dam, khong dong nhit, nhiét dj, silica 16ng.

Chi s6 phén loai: 2.5

Pat van de

Vit liéu silica c6 nhidu tng dung quan trong trong san
Xudt cap quang, gém k¥ thuat dién tir, gém st gia dung va
dd thuy tinh my nghé. Thém nifa, silica va cac hop chat cta
n6 1a thanh phan cha yéu cua 16p vo trai dat. Vi vay, hiéu
biét chi tiét vé cau triic, cac tinh chat vat 1y dic trung va
co ché dong hoc & mirc nguyén tir ctia cac loai vt li¢u nay
duéi tac dong cua nhiét 4o, ap sut la rat can thiét, gop phén
khong nho trong sy phat trién cong nghé ché tao vat liéu co
c4c tinh chat mong mudn va cung cép thong tin vé cac hoat
dong dia chét cta 16p vo trai dat. Do c6 tam quan trong nhur
vy nén trong cac thap ky gan day vat lidu 6xit nay da thu
htt dugc sy quan tdm nghién ciu cua nhidu nha khoa hoc
trong nudc va trén thé gidi trong ca hai linh vuc nghién ciru
co ban va tmg dung. Mot s6 phuong phéap thuc nghiém dién
hinh nhu nhiéu xa tia X, phé Raman, phé tan xa Rutherfor
(RBS) va phan tich phan ng hat nhan (NRA) da thu dugc
cac thong tin co ban vé silica l1ong [1-5]. Trong cong trinh
[1], nhom tac gia da xac dinh thira sb cdu trac bang phuong
phép nhiéu xa tia X véi cac mau silica & 298, 1873 va 2373
K, két qua cho thiy, thira s6 cdu tric & ca 3 nhiét do nay kha
gidng nhau. Pidu d6 cho thiy su twong tu vé ciu trac cia
silica 16ng va thiy tinh. Khac v6i chat 1ong thong thudng,
silica 16ng gdm céc khdi tir dién SiO, ¢ trat tu gén tuong tu
nhu thay tinh va tinh thé quartz. Tuy nhién, khao sat HPBXT
& nhiét 6 298 va 2373 K [1] cho théy, vi tri dinh dau tién

“Tac gia lién hé: Email: giapthuytrang@dhsptn.edu.vn

TAP CHI

HOA HOC

ONG NGHE I(} Nam 64(3) 3.2022

cua silica 16ng dich phai so véi thiy tinh tir 1,597 dén 1,626
A. Tuc 13, d6 dai lién két trung binh Si-O trong silica long
16n hon so véi trong thuy tinh. Ngoai ra, sy bat thuong vé
mat do cua silica ciing da dugc phat hién: khi nhiét do tang,
mat d6 cua vat liéu khong giam ma ting theo. Diéu nay da
dugc chi ra trong cic nghién ciru thuc nghiém [2, 6]. Cu thé,
trong khoang nhiét d6 tang tir 1373 dén 1753 K, nhém tac
gia [2] phat hién mat do cua silica tang tir 2,201 dén 2,204
g/cm?. Quy luat nay ciing dugc phat hién ¢ vung nhiét do
1273-1773 K [6]. Nhom tac gia [3] cho réng, hién tuong di
thuong v& mat do nay c6 nguyén nhén tir sy bé giy lién két
$i-O-Si, dan dén chuyén di cau tric tir SiO, sang SiO, khi
nhi¢t d§ tang o vung trén nhiét d6 chuyén pha thuy tinh.

Trong vt liéu silica, cac nguyén tir Si va O ludn chuyén
dong khong ngimg, ngay ca khi ¢ trang thai ran. Nguyén tir
Si va O tro nén linh dong hon khi nhiét d¢ silica ting. B9
linh dong cua cac nguyén tir giam rd rét khi nhiét 4o giam
xudng gan nhiét do chuyén pha thuy tinh véi hé sé khuéch
tan 10"3-10"° cm?¥s. Piéu nay dd dugc biét dén qua cac
nghién ctu thuc nghiém [4, 5, 7]. Dya trén mbi lién hé gitta
nang lugng va sy khuéch tan, nhom nghién ctru [5] dd xac
dinh dugc hé s6 khuéch tan cua silicon 16ng ¢& 10 cm?s.
Nhom nghién ctru [7] da tinh todn hé sé khuéch tan cua
silicon trong dai nhi¢t do 1673-1873 K voi silica dugc tao ra
dang epitaxy c6 do day h, thong qua do dich chuyén X, cua
nguyén tir trén mot truc trong khoang thoi gian nhat dinh
(x, =2+Dt , x=0,5-5 gid) c6 gia tri khoang 1073-101¢
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Abstract:

The authors performed a molecular dynamics simulation
to survey the structural and dynamic transition in liquid
silica. In detail, research results on the radial distribution
function, the coordination number, the characteristics
of the domain and average energy per atom showed
that silica undergoes three different structural regions
when the temperature increases from 2000 to 6000 K.
The structural transition occurred most strongly at the
temperature range of 4500-5000 K. Furthermore, the
authors investigated the cluster function of sets of mobile,
immobile and random atoms. The results confirmed that
the higher the temperature, the more homogeneous the
structure of liquid silica and the structural heterogeneity
occurs at a temperature below 3500 K. Finally, the results
indicated that O atoms are more mobile than Si atoms.

Keywords: cluster function, domain, heterogeneity, liquid
silica, temperature.

Classification number: 2.5

cm?s. Trong dai nhiét d6 thap khoang 1323-1523 K, nhom
tac gia [4] da xac dinh hé s6 khuéch tan cua silicon 1a
10°15-10°"® cm?/s.

Anh huéng ciia nhiét do dén cdu truc silica 1ong ciing da
dugc mo ta trong mot s6 nghién ctru md phong. Chang han,
cac cong trinh [8-10] da khing dinh, ty phin cac khuyét tat
tang 1én khi ting nhiét 4o ¢ ving ap suit thip (ty phan Si va
O khuyét tat tang dén trén 15% trong dai nhiét ¢ 2100-6100
K), su thay ddi nay 14 rat it & ving 4p suit cao. Nghién ciru
[9, 11] khang dinh, phan b kich thudc vong van c6 dinh
v6i vong gdm 6 nguyén tir Si, tuy nhién dudng cong phan
b6 mo rong khi ting nhiét d9. Nhom cac tac gia trong cong
trinh [8, 9] da chi ra hién twong mat do thay doi bat thudng
trong silica 16ng, cu thé 1a mat do ting theo nhiét do 1én dén
trén 2,3 g/cm® ¢ 4800-4900 K. Ngoai ra, anh hudng cta
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nhiét d6 dén qua trinh khuéch tan ciing dugc khao sat. Trong
khoang nhiét d6 1600-6000 K, hé sé khuéch tan duoc tim
thdy khoang 1073 dén 10 cm?s [8-10, 12, 13]; khi 4p suét
tang thi hé sé khuéch tan cua silica thay ddi bat thuong &
vung nhiét d6 khoang 2100-4000 K [10, 13-15]. Tuy nhién,
theo hiéu biét ctia chung t6i, cac két qua nghién ctru vé anh
hudng cta nhiét do dén ciu tric, su khong déng nhét cdu
trac va dong hoc cua silica 16ng con nhidu van dé chua rd
rang. Ching han, khi nhiét d6 ting thi thé tich voronoi ctia
cac nguyén tu Si, O va cac domain Dx véi x=4, 5, 6 hodc
DB (domain boundary) thay doi nhu thé nao? Hién tugng
khong dong nhét ciu tric cia silica long xay ra trong viing
nhiét d6 nao? Muc do linh dong cua cac nguyén tu O va
Si trong silica 10ng nhu thé nao... Phuong phap mé phong
dong luc hoc phén tir [ mot cach hiéu qua dé giai quyét cac
van dé trén vi no cho phép tinh toan mot sé dic trung cia
ting nguyén tir riéng 1¢ hodc timg don vi ciu trac (BVCT),
tir d6 co thé nghién ctru su thay ddi cau triic va tinh chat
dong hoc cua vat li¢u & cép do nguyén tu.

Tu nhiing phan tich néu trén, chiing t6i da thuc hién
dé tai nghién ctru “Mo phong sy bién doi cau triic va tinh
chét dong hoc trong cac vat ligu GeO,, SiO,, TiO,, AL,O, va
Al0,-28i0, theo nhi¢t d§ va ap suat”.

Phuong phap tinh todn

Trong bai bao nay, mé hinh silica gdm 3000 nguyén tir
véi diéu kién bién tudn hoan duge xdy dyng & cac nhiét do
2000, 2500, 3000, 3500, 4000, 4500, 5000, 5500 va 6000.
Mt trong céc thé thong dung vai tinh toan don gian, mo ta
tdt cdu triic va cac tinh chét vat 1y cua silica & ca trang thai
1ong va ran 1a thé tuong tac cap BKS do [16] d& xuit. Biéu
thirc cua thé BKS c¢6 dang nhu sau:

2 Cij
UU(U) 9.9, — " + A, exp( ) r_6
ij J

trong d6: i va j 1a loai nguyén tir; r, 1a khoang cach giira
hai nguyén tir thir i va j; ¢, va q; la dlen tlch cua cac nguyén
trthirivaj; A, B;va C lacac hang s6 thé BKS dugc xéac
dinh boi sy t01 u’u hoa cac thong s6 trong md phong sao
cho két qua tinh toan phu hop t6t voi thuc nghiém; exp la
thyc nghiém. Gi4 tri cic hing sb thé tuong tmg véi cac cip
nguyén tir Si-O, O-O va Si-Si dugc liét ké ¢ bang 1.

Bang 1. Cac thong sé trong thé twong tac BKS.

Cip A, (V) B, A" C, eV A%) Dién tich (e)
0-0 1388,773 2,760 175,000 q,=-1.2
Si-O 18003,757 4,873 33,538 q=+2.4
Si-Si 0,0 0,0 0,0

aa



Mo hinh thé BKS duge dé xudt nam 1990, sau d6 da
duoc sir dung dé xay dung cac mo hinh silica long [12, 13,
15, 17, 18]. Cc tinh toan vi cu trac cau nhu HPBXT, phan
b s6 phdi tri, mat do, do dai cac cap lién két va goc lién két
cho két qua phu hop tdt v6i thyc nghiém.

Trong bai bao nay, ching t61 stt dung cac ky thuat phan
tich cdu tric tinh toan nhu: HPBXT, ty 1& cac DVCT, s6
phdi tri, nang luong trung binh trén mot nguyén tir; ty 18
s6 luong nguyén tir trong cac domain; thé tich voronoi cua
cac nguyén tir Si, O va cac domain; phan bd dam cua cac
NTLD, nguyén tir khong linh dong (NTKLD) va nguyén tur
ngau nhién (NTNN). Thém nita, dong hoc cua silica l1ong
dugc phan tich dya trén d6 dich chuyén binh phuong trung
binh ctia nguyén tir Si va O vao thoi gian mé phdéng. Tu do,
nhom nghién ctru dua ra cac thong tin lién quan téi sy thay
dbi cdu tric va dong hoc trong vat liéu silica long khi nhiét
do thay doi. Dé xac dinh cac dai lugng nay, gia tri clia ban
kinh ngét duoc sir dung la r,,=2,3 A, 1a vi tri cyc tiéu thu
nhat sau dinh cyc dai dau tién trong HPBXT doi véi cap Si-
O. Trong khodng nhi¢t d¢ dugc khao sat, mang SiO, dugc
hinh thanh tir cac BVCT SiO, (x=4, 5, 6) va OSI (y 2, 3).
Céc DVCT khéc chiém ty phan nhd va khong xet toi o day,
lién két Si-O dugc hinh thanh boi Si va O trong khoang
cach nho hon so voir, . Céu trac mang Si-O bao gdm cic
nguyén tir dugc két ndi v6i nhau thong qua lién két Si-O.
Céc nguyén tir Si trong vat liéu dugc phan loai thanh Si,
Si,, Si, va Si_, trong do6 Si,, Si, Si, c6 $6 phéi tri 1an luot
la4,5va6,Si, laSivoi x<4 hodc x>6. Tuong tu, ky hi¢u
0,, O, lan lugt la cac nguyén tir O c6 so phai tri la 2 va 3.
Cac nguyen ta O cling dugc phan loai thanh O, vao, véi
O_ lién két voi cac nguyén tir Si_co x gibdng nhau O, hen
ket voi cac nguyén tur Si cd x khac nhau. Khi do, domaln
Dx bao gém cac nguyén tir O, vanguyeén tir Si_lién két voi
nhau, vung khong gian cia domain Dx la khong gian dugc
xép chit bai cac da dién voronoi cua nguyén tir O, vaSi
thuﬁc domain d6. Vung bién DB cua domain D_ chu yéu
gdm cic nguyén tlr O, Tuong tu nhu mang con Sl O, cac
nguyén tir ciia mién Dx duogc két ndi v6i nhau bang lién két
Si-O. Tét ca cac nguyén tir duge phan loai thanh D4, D5,
D6 va BD. Nguyén tir Dx (x=4, 5 va 6) thudc vé cac mién
Dx, trong khi céc nguyén tir BD 1a O ,va Si, . Thé tich da
dién Voronoi dugc xac dinh bang cach chén mot mang tinh
thé don gian, vai kich thudc bang kich thude hop mo phong
(£, va téng sé nut 1a m xm_>m_.Gia tri cua m  phu thudc
vao kich thuéc hop mé phong, hang sb mang va phai dam
bao do chinh xac cao trong tinh toan thé tich cac da dién
Voronoi, cling nhu ddm bao thoi gian, kha nang tinh toan
ciia hé théng mdy tinh. Khi gia tri m_=221 thi tong thé tich
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cac da dién Voronoi ctia nguyén tir Si va nguyén tr O trong
mo hinh gan dung bang thé tich hop mo phong va phu hop
véi thoi gian tinh toan, cling nhu kha nang tinh toan cta hé
thdng may tinh. Thé tich voronoi ctia nguyén tir thir i dugc
xac dinh bang cong thirc sau:

mV

YT sb
Vi —
m

se
trong d6: ¥, 1a thé tich hop md phong, V=1 % [ 1a kich
thudc hop mo6 phong; m, 1a s6 nut gan véi nguyén tir thi i
hon cac nat khac; m 1a s6 nut tinh theo mot chidu cua mang
1ap phwong chén vao. Thé tich chiém boi cac mién Dx va
mién DB duoc tinh tir thé tich v.

Két qua va ban luan

Sw thay doi ciu triic ciia silica long khi nhigt dp ting

Bang 2. Cac dic trwng cau tric cla SiO, léng.

T(K) 2000 2600 3000 3500 4000 4500 5000 5500 6000 [TI""ﬁ“ghiém
405 404 405 409 410 413 413 411 408 385400
s 00 200 203 204 205 206 206 205 204 200
R 32300 3100 312 3100 3100 310 310 312 308302
o) 160 L6 160 160 160 160 160 L§D 160 160-L63
no) 260 26 260 258 260 260 258 2% 26 263265
g 356 34 305 276 264 248 28 218 2l

g, 174 1085 993 866 81T 761 678 647 626

g, 331299 28 257 249 236 219 211 205

Si0,(%%) 971 959 938 892 839 89 45 709 693

Si0; (%) 28 4 58 100 131 140 175 191 193

i0,, (%) 0,

01 04 07 30 041 080 100 114

OSi,(%) 984 972 92 924 902 89 86 83 B3

0Si, () 16 28 38 76 93 121 174 167 217

Ghi chu: z, 14 s6 phbi tri; r r;va g, la vi tri va do cao dinh thir nhat clia
HPBXT gU(r) SIO, (%, x=4, 5, oth) va OSi (%, y=2, oth) twong tngla ty
1€ BVCT co ban SiO, SiO,, SiO,, (BVCT trong né chira nguyén t&r Si co
sb phdi tri nhé hon 4 hodc I6n hon 5) va ty 18 DVCT co ban 0si,, 0Si,
(BVCT trong né chira nguyén tir O c6 sb phdi tri khac 2).

Két qua bang 2 cho théy, cac dic trung cau tric clia SiO,
long thong qua phan tich HPBXT, s phdi tri, ty phan cac
DBVCT SiO,_ va OSiy. Khi nhiét d6 tang thi vi tri cuc dai thu
nhét cac HPBXT va s phdi tri thay d6i khong dang ké. Tuy
nhién, d6 cao cuc dai thtr nhit déu giam. Ty 18 cac PVCT
SiO, va OSi, giam, trong khi ty 1€ SlO (x#4) va OSi_ (y#2)
déutang, cho thiy c6 sy chuyén ddi cdu truc trong sﬂlca long.
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Hinh 1. Sw phu thudc nang lwong trung binh ctia 1 nguyén to
vao nhiét do.
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Hinh 3. Sw phu thudc cua ty 1é sé lweng nguyén tir trong cac
domain vao nhiét do.

Hinh 1 biéu dién ning lugng trung binh trén mot nguyén
tr & cac nhiét d6 khac nhau. Nhu théy trén hinh, khi nhiét
d6 tang, ton tai 3 ving nhiét do I (2000-3000 K), I (3500-
4500 K) va III (5000-6000 K) ma nang lugng trung binh
trén nguyén tir trong cic ving ndy tang tuyén tinh theo nhiét
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d6. Biéu nay cho thay, trong khoang nhiét d6 2000-6000 K,
silica 16ng ton tai 3 vung cdu tric. Thém nita, trong khoang
4500-5000 K, nang luong <E> thay d6i déng ké so voi cac
khoang nhiét d6 khac. Piéu nay cho thiy, day 1a khoang
nhiét do hé xay ra qua trinh chuyén ddi cAu trac manh nhat.

Thém nita, thong tin chi tiét vé sy chuyén ddi ciu triic
trong silica 1ong khi nhiét do thay doi dugc phén tich thong
qua thé tich cac domain Dx (x=4,5,6),D , vaty ¢ sb !uqng
nguyén tur trong cac domain ¢ cac vung nhiét do. Két qua
thé hién trong hinh 2 va 3, twong ty nhu phan tich trén hinh
1, thé tich domain Vi Vpp vaty phép s6 luong nguyén tur
trong cac domain f_, f  cling cho thay, 3 vung cau truc I,
II, IIT c6 cac dac trung khac nhau va trong khoang 4500-
5000 K dudng cong ciing tré nén dbc hon, diéu nay mot 1an
nira khing dinh trong khoang nhiét do nay hé chuyén doi
cAu tric manh nhat. Trong ving I, khi nhiét d6 tang thi thé
tich domain va ty phan nguyén tir trong domain D4 giam,
DB ting, D5 tang it hon DB, con D6 tang rat it; & ving I,
khi nhiét d6 ting thi thé tich domain va ty phan nguyén tir
trong domain D4 gidm manh hon vung I, DB va D5 ting
nhanh hon ving I, D5 ting it hon DB va D6 tang rét it; thé
tich domain va ty phan nguyén tir trong cac domain & ving
I1I thay ddi theo nhiét d6 twong tu nhu ving L.

] Nguyén tir Si
0.8 - 2000K
030 —— 2600 K
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0.25 —— 3500 K
—— 4000 K
@ 0.20 4500 K
> —— 5000 K
F 0154 —+ 5500 K
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Hinh 4. Phan bé thé tich voronoi ctia nguyén tir Si va O & cac
nhiét do.
46
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Hinh 5. Sw phu thudc cia thé tich voronoi trung binh mét

nguyén ttr Si va O theo nhiét do.
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Hinh 6. Ham lién két dam cac loai nguyén tir & cac nhiét do.
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Bén canh do, hai duong cong V| va f nhin chung la
dong dang voi nhau. Ma thé tich ctia mdt domain phu thude
vao hai yéu t6 1a s6 luong nguyén tir trong domain va thé
tich voronoi cia mgt nguyén tir trong domain d6. Nhu vay,
su thay ddi thé tich ctia cac domain trong truong hop nay
chu yéu do su thay d6i cta s luong nguyén tir trong domain,
con thé tich voronoi ctia mdi nguyén tir trong domain thay
d6i khong dang ké. Dé 1am 16 diéu nay, nhom nghién ciru
da khao sat phan bd thé tich voronoi ctia cac nguyén tir Si
va O ¢ cac nhi¢t do khac nhau trong khoang 2000-6000 K.
Két qua biéu dién & hinh 4 cho thiy, khi nhiét do ting phan
b thé tich voronoi ciia nguyén tir Si va O déu c6 do cao ciia
dinh giam va do rong tang, diéu nay ciing chi ra trong hé c6
su chuyén doi céu trac. Thé tich ctia nguyén tir O thay doi
rat it theo nhiét do, trong khi thé tich ctia nguyén tir Si thay
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d6i nhidu hon (ham phan b dich chuyén dan sang phai khi
nhiét do tang).

Céc két luan nay dugc thé hién rd rang hon trong hinh
5. Khi nhiét d¢ tang tir 2000 1én 6000 K thi thé tich voronoi
trung binh ctia mét nguyén td¢ O gidm nhe tir 15,64 dén
14,97 A3, con thé tich voronoi trung binh ctia mot nguyén
tir Si tang tir 7,67 dén 8,97 A3, Nhung s lugng nguyén tir
Si trong hé 16n gép d6i s6 lwong nguyén tir O, do do, tong
thé tich cua hé van tang khi nhiét do tang. Thém nira, két
qua chi ra trong hinh 5 twong tu nhu hinh 1-3, trong khoang
4500-5000 K thé tich voronoi ciia mot nguyén tir Si ting
dang ké hon so v6i cac nhiét d6 khac, diéu nay chimg minh
day la khoang nhiét do trong hé xay ra qua trinh chuyén doi
cAu trac manh nht.

Hién twong khong dong nhit céu tric trong silica long
khi nhiét dp tang

Hinh 6 biéu dién ham lién két dam F,_ (r, t) & cac nhigt
d6 khac nhau. Nhu da thay, o du(gri 3500 K ham F,_ (r, t)
cho céac tap hop NTLD (duong d6 thi mau den), NTKLD
(duong @6 thi mau do) va NTNN (duong dd thi mau xanh)
rat khac nhau. Tirc 14, duéi 3500 K, cac DPVCT SiO, hodc
cac mién Dx dugc phan bd khong dong nhat trong khong

6000 4 Nguyén ti Si
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n (bwéc MD)

T T
0 5000

gian md phong. O nhiét do trén 3500 K, cic ham nay tién
lai gan nhau hon. Tai 6000 K, 3 duong d6 thi gdn nhu tring
nhau cho thiy su phan bé trong khong gian cua cac don vi
SiO_ hodc cac mién Dx 14 dong nhét hon. Pidu nay 1a do cac
nguyén tir siap xép lai manh m& hon & trén 3500 K so véi
duéi 3500 K. Diéu d6 ciing ¢ nghia la sy khong dong nhat
cAu truc trong silica 16ng chi xay ra & nhiét d6 dudi 3500 K.

Dong hoc trong silica long khi nhiét dp tang

DO thi biéu dién mdi quan hé gitra dd dich chuyén binh
phuong trung binh (<r?(t)>) cua nguyén tir Si va nguyén tu
trong h¢ SiO, long thpo thoi gian t (budc mod phong) duqc
thé hién ¢ hinh 7. K&t qua cho thay, cac duong cong bicu
dién <r’(t)> clia ca nguyén tir Si va O trong khoang nhiét
d6 khao sat déu c6 chung 4 dac diém sau: thir nhat, tai mot
nhi¢t d§, mac du co6 sy thang giang nhung nhin chung do
dich chuyén binh phuong trung binh ctia nguyén tir Si va O
tang theo thoi gian mot cach tuyén tinh. Néu xem do dich
chuyén binh phuong trung binh <r3(t)> phu thudc vao thoi
gian bang mot ham tuyén tinh <r?(t)>=at+b thi gia trj ctia hé
sO goc a chinh 1a hé s6 tu khuéch tan. Thir hai, trong timg
vung nhiét d6 2000-3000, 3500-4500 va 5000-6000 K cac
duong dd thi & gan nhau hon va c¢6 d6 doc khac nhau khong
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Hinh 7. Sw phu thudc dé dich chuyén binh phwong trung binh ctia nguyén tir Si va O vao thei gian mé phéng & cac nhiét do.
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nhiéu. O céc khoang nhiét d6 khac nhau thi cac duong tach
xa nhau va do doc khac nhau déang ké. Ching han, dudng
biéu dién <r3(t)> & 3000 va 3500 K; 4500 va 5000 K tach
xa nhau va c¢6 d6 doc khac nhau nhidu. Sy tach nhau cua
cac dudng cong trén tuong g véi 3 ving cau trac khac
nhau trong ba ving nhiét d6 I, II va III, két qua nay phu
hop v6i hinh 1-3. Thur ba, trong cuing mdt khoang thoi gian,
khi nhiét d6 ting thi nguyén tir chuyén dong cang nhanh
hon va do d6 d6 dich chuyén binh phuong trung binh ting.
Thu tu, ¢ cung mot nhiét do, trong cung mot khoang thoi
gian, so v&i nguyén tir Si thi nguyén tir O ¢6 d6 dich chuyén
binh phuong trung binh 16n hon, nghia la nguyén tir O trong
vat liéu c¢ tinh linh dong hon nguyén tir Si. Diéu nay dugc
giai thich bdi nguyén tir O nhe hon va c6 ban kinh nho hon
nguyén tur Si.

Keét luan

Qué trinh chuyén d6i cu truc, tinh chat khong ddng nhat
cau tric va dong hoc trong silica 1ong & cac nhiét do trong
khoang 2000-6000 K da dugc chung t6i nghién ciru bang
phuong phap mé phong dong luc hoc phan tir. Cac két qua
phén tich chi ra:

i/ Silica long ton tai 3 ving cdu truc khac nhau twong
ung véi 3 vung nhiét d6 1a I (2000-3000 K), 1T (3500-4500
K) va III (5000-6000 K). Anh huéng cua nhiét ¢ dén cac
dic trung ciia mdi nguyén tir (ning luong trung binh, thé
tich voronoi, do dich chuyén binh phuong trung binh) va
moi domain (thé tich voronoi, ty 1 sé nguyén tir) trong 3
ving d6 1a khac nhau. O khoang nhiét do 4500-5000 K thi
su chuyén ddi cAu trac cua vat liéu nay la manh nhat.

ii/ O dudi 3500 K, silica 1ong thé hién dong hoc khong
déng nhét manh, cu thé trong hé ton tai vung mat do thép
va vung méat do cao. Trai lai trén 3500 K, silica thé hién cau
trac dong nhét. Pidu nay dugc giai thich nhu sau: ¢ nhiét do
cao nguyén tur Si, O c¢6 dong nang 16n va do do d6 linh dong
ctia chiing cao hon khi chung ¢ nhiét do thap.

iii/ Trong silica léng, nguyén tir O linh dong hon nguyén
tur Si.

LO1 CAM ON

Nghién ctru dugc tai trg boi Chuong trinh nghién ctru
khoa hoc va cong nghé Truong Pai hoc Su pham, Pai hoc
Thai Nguyén thong qua dé tai ma sb CS.2021.17. Cac tac
gia xin chan thanh cam on.
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