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Tom tat

Trong bai b4o nay, ching t6i nghién ciru anh huong cua ap suit dén nhiét d6 nong chay cua hop kim Fe-18wt%Si. Dya
trén sy két hop gitta biéu thirc phu thugc thé tich caa hé so Griineisen va diéu kién ndng chay Lindemann ching tdi thu
dugc biéu thie twong minh, phu thudc thé tich, cua nhiét do ndng chay. Sir dung phwong trinh trang thai Vinet ching
t6i c6 thé danh gia anh huong cua ap suit dén nhiét a6 nong chay. Két qua tinh toan sé cho hop kim Fe-18wt%Si dén &p
suit 100 GPa cho thiy su pht hop kha tét voi cac sé liéu thuc nghiém thu thap dugc. Nghién ctru nay chi ra kha ning
két hop céc nghién ctru vé hé sé Griineisen va diéu kién néng chay Lindemann trong nghién ctru nhiét d6 néng chay cua
cac vat liéu ¢ &p suat cao.

Tir khéa: Ap suat cao, FeSi, hé s6 Griineisen, duong cong néng chay, diéu kién nong chay Lindemann.

Abstract

In this work, we investigate the pressure effects on melting temperature of Fe-18wt%Si alloy. Based on the combination
of the volume-dependent Griineisen parameter and the Lindemann criterion of melting we derive the analytical
expression of volume-dependent melting temperature. The Vinet equation-of-state is then applied to evaluate the
pressure effects on melting temperature. Numerical calculations are performed for Fe-18wt%Si alloy up to pressure 100
GPa. Our results are compared with those of available experimental data showing the good and reasonable agreements.
This research proposes the potential of the combination of the Griineisen parameter and the Lindemann melting
criterion on predicting high-pressure melting of materials.
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1. Mé dau

Nghién curu cac tinh chit nhiét dong cua vat
lidu dudi 4p suat cao 1a mot trong nhing chu dé
hap dan cua vat 1y béi ¥ nghia quan trong cua
no trong cac linh vuc vat 1y hat nhan, thién van
hoc, dia vat 1y va vat 1y thién thé [1]. Do kim
loai sit va cac hop kim cuaa né chiém phan Ion
trong tdm 15i Trai D4t nén cac tinh chat nhiét
dong cua sit va hop kim cua sit cung cap
nhitng théng tin quan trong trong nghién cau
thanh phan, ciu trac ciing nhu sy tién hoa cua
16i Trai Bat va cac hanh tinh [2—4]. Nhitng nim
gan ddy, v6i sy phat trién cia ki thuat 6 mang
dé kim cwong (Diamond-anvil cell), cac nha
thuc nghiém da c6 thé thuc hién cac phép do
nhiét 46 nong chay cua vat liéu ¢ nhiing ap sut
siéu cao (dén hang trim GPa) [5-7]. Diéu nay
cang lam cho viéc nghién ctru cac tinh chét
nhiét dong cua vat lidu & ap suit cao cang duoc
quan tam, cha y.

Trong 16p 161 Trai Pit, silic dugc xem la
nguyén t6 hop kim nhe quan trong nhit bén
canh mot sd nguyén td khac nhu S, O, H, C. Vi
vdy, tinh chat vat 1y cta hé hop kim hai thanh
phan Fe-Si c6 y nghia quan trong trong nghién
ctru cac dac tinh dia vat 1y ¢ 16p vo ngoai Trai
Dat. Ngoai ra, chung ta ciing can phai hiéu rd
cac tinh chat vat Iy cia cac hé hop kim hai
thanh phan trudc khi nghién ctru cac hé phiic
tap hon gdm ba hay bdn thanh phan. Mot sb
nghién ctru vé céc tinh chat nhiét dong ctia hop
kim Fe-Si (nhu Fe-7.9wt%Si, Fe-17wt%Si, Fe-
18wt%Si, Fe-33.5%Si,...) [8-10] cling da duoc
thuc hién.

Trong bai bao nay, ching t6i s¢ khao sat ly
thuyét anh huéng cua &p suat dén nhiét d6 nong
chay cua hop kim Fe-18wt%Si. Dya trén diéu
kién nong chay Lindemann [11] va biéu thuc
phu thuéc hé sé nén cua hé sé Griineisen,
ching t6i xay dung biéu thuc giai tich tuong
minh caa nhiét d6 nong chay cua vat liéu theo
ham cua hé sb nén. Két hop voi phuong trinh

trang thai Vinet [12], su phu thudc &p suat caa
nhiét d ndng chay cua hop kim Fe-18wt%Si sé
dugc ching tdi khao sat dén 4p suit 100 GPa.
Gi4 tri tinh s6 ly thuyét s& dugc so séanh véi cac
s6 lieu thuc nghiém thu thap duoc dé kiém
nghié¢m.

2. Phuong phap tiép can

Anh huéng cua thé tich dén cac tan sé dao
dong phonon dugc dic trung boi hé sb
Griineisen. Trong md hinh Debye, hé sd
Griuneisen y; dugc dinh nghia boi

olnaw,
=, 1
e alnv (1)

trong d6 V 1a thé tich tinh thé va o, 14 tan sb
Debye phu thudc vao thé tich V. O é&p suat
thap, hé sé Griineisen cua vat lidu c6 thé xem
gan dung 1a khong ddi, khdng phu thudc vao su
bién thién 4p suat. Tuy nhién, khi &p suét ting
cao, cac nghién ctu ly thuyét va thuyc nghiém
truée day chi ra rang [13], hé sé Griineisen c6
xu huéng giam dan. Bé danh gia anh husng caa
thé tich (va 4p suat) dén hé sé Griineisen, rat
nhiéu y twong thi vi da duoc dé Xuat.

Trong [13], Graf va cong su dé xuat md hinh
mb ta sy phu thudc hé sé nén 7 =V V, ctia hé
s0 Griineisen dudi dang ham mil béi y, = y,1",
trong d6 y, va V, tuong ung la hé sb
Griineisen va thé tich tinh thé & ap suat khong.
Gia tri cua tham s6 n phu thudc vao vat liéu
nghién ctru va thong thuong n>0. S dung
mo hinh nay, nhom tac gid da nghién ctru thanh
cong hé sb Griineisen va hé s6 Debye-Waller
ctia cac kim loai dong va vang & ap suét cao
[13]. Gan déy, trong cac nghién ciru V& céc tinh
chat nhiét dong cua sit va cac hop kim & ap
suat cao, md hinh Griineisen duoc dé xuat bai
Al'tshuler thuong dugc sir dung [14]. Trong mo
hinh Al'tshuler, hé s6 Griineisen c6 dang [15]

Yo =Vu+(10—7.)1", )
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trong d6 B =y,/(y,—7.,)- Cac gia tri cua y,
va y,dugc xac dinh tir viéc lam khép phuong
trinh (2) voi sb liéu thuc nghi¢m.

Dbi véi bai todn nong chay, diéu kién
Lindemann thudng xuyén duoc sir dung dé udc
tinh nhiét d6 nong chay cuaa vat liéu. Theo
Lindemann, qua trinh ndng chay cua vat liéu s¢
bit dau dién ra khi ti s6 gitra can bac hai cua do
dich chuyén trung binh binh phuwong va khoang
cach 1an can gan nhit giira cac nguyén tir tién
dén mot gia tri ngudng [11]. Dya trén phuong
phap truong thé trung binh c6 dién, Wang va
cong su da viét lai didu kién nong chay
Lindemann duéi dang [16]

. 213 02
T, =constxV°6] 3)

trong d6 6, =hw, [k, 1a nhiét do Debye, 7 va
kg tuong mg 1a hang s6 Planck thu gon va
hang s6 Boltzmann.

Bing cach ldy logarit ty nhién hai vé phuong
trinh (3) rdi lay dao ham theo thé tich, chung toi
thu dugc phuong trinh sau

i) 21 )

o viz e

(4)
trong d6 y,=-0Ing,/0InV 1la hé¢ sb
Gruneisen trong md hinh Debye.

Thay phuong trinh (2) vao phuong trinh (4)
va thyuc hién Iy tich phan, ching t6i thu dugc
biéu thic giai tich twong minh cua nhiét do
nong chay

T phu thuoc vao hé sé nén
1=V/No qusi dang

T =T 727 exp {W (1— n” )} , (5

O phuong trinh trén, T, la nhiét 6 nong chay
cua vat liu & &p suit khéng.

Pé xac dinh anh huéng cua 4p suat dén nhiét
d6 nong chay T ching toi sir dung mdi lién hé

gitra 4p suat P va hé s6 nén n=V/N, tu
phuong trinh trang thai Vinet c¢6 dang [12]

P= 3K07772/3 (1_n1/3)exp[g(Kr_lo)(l_nlls )}’
(6)

& day K, va K/ tuong ting 1a hé s6 nén khoi
déng nhiét va dao ham béc nhit theo ap sut
cua vat liéu.

Trong phan tiép theo, dua trén biéu thirc giai
tich (5) va phuong trinh (6), chiing t6i s€ thuc
hién khao sat duong cong néng chady cua hop
kim Fe-18wt%Si dén ap suat 100 GPa.

3. Két qua tinh s6 va thao luin

Dé thuc hién tinh toan sd, ching ta can biét
cac tham sé 7,, 7., K, va K/ cia hop kim
Fe-18wt%Si. Trong cbng trinh [17], Zang va
Guyot da cho thiy, hop kim Fe-Si c6 cac tinh
cht nhiét dong hoc tuong tu nhu kim loai sit &
ap sudt va nhiét do cao. Vi vy, ching toi st
dung céac tham y,va y, cua kim loai sat va co
gia tri twong ung la 1.875 va 1.305 [14]. Cac
gia tri nay cua y, va y,da dugc Dewaele xac
dinh tir két qua thi nghiém song shock dén ap
suit 200 GPa cho kim loai sat. Hé s6 nén khoi
dang nhiét K,va dao ham bac nhét theo ap suét
K; cta hgp kim Fe-18wt%Si c6 gia tri tuong
ung la 172.2 (£1.2) GPa va 4.9 (£1.0) [18].
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Hinh 3.1. Buong cong ndng chay cua hgp kim
Fe-18wt%Si.
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Str dung phuong trinh (5) va (6), ching toi
tinh toan sb dugc gia tri nhi¢t d0 nong chay ctua
hop kim Fe-18wt%Si dén ap suit 100 GPa.
Nhi¢t d6 nong chay T, cua Fe-18wt%Si & ap
suat khong co gia tri 1a 1473 K [8]. Trén Hinh
3.1, chling t6i biéu dién dudng cong ndng chay
T, cua hop kim Fe-18wt%Si theo ham cua ap
suat dén 100 GPa. Két qua tinh toan cua ching
t6i ciing dugc so sanh vai céc sd lidu thuc
nghiém caa Yang va Secco [8] (ky hiéu #),
Kuwayama va Hirose [19] (ky hiéu m), va
nhom Asanuma [9] (ky hiéu e). Nhu co thé
thay trén Hinh 3.1, dudng cong nong chay cua
hop kim Fe-18wt%Si trong tinh toan ly thuyét
cia chung t6i kha twong thich voi két qua do
cia nhom Asanuma dua trén sy thay ddi cua
hiéu suat dét nong tia laser va két ciu cua cac
mau thu hoi trong 6 mang dé kim cwong [9].
Nhiét d6 ndng chay do Yang va Secco [8] (ky
hiéu #) bao cao dya trén sy thay doi dién tro
suat cua mau hop kim Fe-Si ¢ &p suat 5.5 GPa
ciing cho két qua kha pha hop. Ngoai ra, chiing
ta cling c6 thé nhan thay, nhiét do nong chay
ctia Fe-18wt%Si ting nhanh theo ap suat nhung
tdc d6 tang cua nhiét do néng chay giam dan &
&p suit cao. That vay, ¢ ap suat P = 0, duong
cong nong chay cua Fe-18wt%Si c6 do doc 1a
dT, /dP =26.35 K/GPa. Trong khi do, tai ap
sudt P = 80 GPa, d6 ddc cua duong cong la
14.38 K/GPa. Thong thuong, sy phuc tap cua
cau trac tinh thé va dudng cong néng chay cua
cac vat liéu dudi ap suét cao thuong duoc cho la
do anh huéng cua cu hinh electron, dic biét 1a
cac chuyén doi s-d trong cau tric dién tir [20].

Trén Hinh 3.2, duong cong nong chay T
ctia hop kim Fe-18wt%Si dugc biéu dién dén
&p suat 150 GPa. Két qua thuc nghiém vé nhiét
d6 nong chay cua kim loai sit nguyén chat cua
Jackson va cong su (st dung phé Méssbauer
synchrotron) [21] (ky hi¢u A) va Aquilanti va
cong su (st dung phd hip thu tia X) [22]
(duong nét dut) cting dugc chung to61 dua vao

dé so sanh. T Hinh 3.2 c6 thé nhan thiy,
duong cong néng chay cua hop kim Fe-
18wt%Si trong tinh toan cua chung toi co gia tri
gan twong duong véi nhiét dd nong chay thuc
nghiém cua kim loai sit nguyén chat. Su khéc
biét xuat hién rd cha yéu & vang &p suat thap
(nho hon 30 GPa). Diéu nay ciing phit hop Véi
nhan dinh cua Zang va Guyot vé su tuong dong
cac tinh chat nhiét dong hoc ciia hop kim Fe-Si
va kim loai st & ap suat va nhiét d cao [17].
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Hinh 3.2. Nhi¢t d nong chay ctia Fe-18wt%Si va kim
loai sat nguyén chat ¢ ap suat cao.

4. Két luan

Trong bai bao nay, chung to61 da trinh bay
mot cach tiép can don gian dé danh gia anh
huéng cta ap suat dén nhiét do nong chay cta
hop kim Fe-18wt%$Si. Dua trén diéu kién ndng
chay Lindemann va hé sé Griineisen trong mo
hinh Debye, chiing t6i da xay dung duoc biéu
thire giai tich twong minh phy thudc hé sé nén
cia nhiét d6 nong chay T . Két hop véi
phuong trinh trang thai Vinet, chung t61 da
khao sat nhiét do nong chay cua hop kim Fe-
18wt%Si dén ap suat 100 GPa. Két qua ly
thuyét cho thdy sy phu hop kha tot véi cac sb
liéu thuc nghiém thu thap duoc. Pé c6 thé
nghién cuu dugc dudng cong néng chay cua
hop kim Fe-18wt%Si & ap suat cao hon, ching
t6i cho rang, diéu kién néng chiay Lindemann
can két hop thém thira s6 cu tric ving ning
lwong dé vuot qua duoc cac gidi han cta no.
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