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PHUONG PHAP THONG KE MOMEN TRONG NGHIEN CUU CHUYEN PHA
CAU TRUC CUA KIM LOAI DUOI TAC DUNG CUA AP SUAT

Nguy&n Quang Hoc va Tran Dinh Cudng
Khoa Vdt li, Truong Dai hoc Su pham Ha Ngi

Tom tat. Trong bai bao nay, chung tdi sir dung phuong phép thong ké momen dé khao sat
chuyén pha cau trdc lap phuong tim khéi — 1ap phuong tam dién cua kim loai dui téc dung
cua &p suat dya trén diéu kién can bang cua thé nhiét dong Gibbs. Cac két qua Ii thuyét duoc
ching t6i 4p dung dé nghién ciru chuyén pha cAu trdc cua sét trong khoang ap suat tir 0 dén 11
GPa véi viéc sir dung thé turong tac cap Mie-Lennard-Jones. Cac két qua tinh s6 cua chung toi
c6 su phu hop tét vai thuc nghiém (sai sé dugi 10%).

Tir khoa: Chuyén pha cau trdc, thé nhiét dong Gibbs, thé Mie-Lennard-Jones, phuong phap
thong ké moémen.

1. Mé dau

,Chuyén pha dong vai tro trung tdm trong viéc kiém S04t cau tric vi md cua vat lieu va tur do
quyet dinh dén céc déc tinh vi md cua chiing nhu do bén va d6 cimg. Dac bi¢t doi vei cac hé vat i
dugc tao thanh tir sat (Fe), da ¢6 mot so Ion cac nghién ctu [1-3] dugc danh cho viéc kham pha co
ché va cac dac tinh nhiét dong cua qua trinh chuyén pha o —y (lap phuong tam khoi - lap phuong
tam dién).

V& mat Ii thuyét, chuyén pha céu tric gita hai pha A va B bét ki s& dién ra khi diéu ki¢n can
bang cua thé nhiét dong Gibbs G gitra hai pha dugc théa mén
Khi AG <0 tuong tng G, <Gg thi pha A s& 6n dinh hon pha B va do d6 h¢ s& ton tai ¢
pha A. Nguoc lai, khi AG >0 tuong tng G, > Gg thi pha A s& kém 6n dinh hon pha B va do
d6 hé s& ton tai & pha B. Diéu ki¢n (1) c6 thé cung cép cho ta nhiing thdng tin quan trong dic
trung cho qua trinh chuyén pha cau tric trudc hét 1a nhiét do va ap suat chuyén pha.
~ Tuy nhién viéc xac dinh dugc thé nhiét dong Gibbs cua mot hé vat If 1a khong hé don gian.
bétimra bicu thire cua the nhiét dong Gibbs thudng doi hoi nhieu tinh todn phuc tap hoac su ho
tro dang ke tu thuc nghiém. Vi nhitng Ii do trén, trong bai bao Qéy chlng t6i sé gigi thiéu mot
phuong phép 1i thuyet don gidn dé nghién cau sy chuyen pha cau trac trong kim loai dudi tac
dung ciia 4p suat. P6 chinh 1a phuong phap thong ké mdmen [4, 5]. Cac két qua li thuyet dugc
ching toi 4p dung dé xay dung duong chuyén pha a—y cia Fe trong khoang ap suat tir 0 dén

11 GPa. Trén khoang p suat nay, trong Fe s& xuit hién thém cac qua trinh chuyén phala a—¢
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(lap phuong tam khdi — luc giac xép chit) va y—¢ (Iap phuong tam dién — luc giac xép chit).Cac
qua trinh nay s& duoc chiing toi xem xét trong cac nghién ciu tiép theo.

2. N§i dung nghién ciu
2.1. Co s& ly thuyét

DPé mo ta sy twong tac giira CAC nguyén tir trong mang tinh thé, ching tdi s& sir dung thé
tuong tac cap Mie-Lennard-Jones

p(a) = b {m(r—ojn —n[r—ojm}, (2.1)
n-m a a

trong d6 D 1a nang luong phén li, a 1a khoang cach giita cac nguyén tir var, 1 gia trj can bang
cia a. Céc thdng sb thé m va n duoc xac dinh bang con duong kinh nghiém. Khi d6, chiing toi co
thé biéu dién nang luong lién két Ug Vva cac thong sb tinh thé K, M, V2, ¥ [5] nhu sau:

D r n_ Ty m
u°(n-m){m’*‘[§j ”‘\‘"(a) } (2.2)
Dnm K n_ 2 W m
m{[(mﬂ)ﬁh Ah+2}(g] [(m+2) X, Amz}[aj } 2.3)
Dmn a . : ) r_On_
V1—m{[(n+2)(n+4)(n+6)An+8 6(n + 2)( +4)An+5+3( +2)An+4](aj

—[(m+2)(m+4)(m+6)A;’;1i —6(m+2)(m+4)An+6+3(m+2)An+4K;j } (2.4)

Vo :‘P&{ [(n+2)(n+4)(n+6)Ar?'j8'y 2(n+2)(n+4)An+6 +(n+2)An+4} [r_oj -
8a"(n—m) a

[(m+2)(m+4)(m+6) 3 'y 2(m+2)(m+4) +(m+2)Am+4K;jm}, (2.5)
y=4(n+72), (2.6)

trong d6 trong gan dung bon qua cau phdi vi, cac tong mang ciia mang lap phuong tim khéi duoc
xac dinh boi

A, =8+ + + = A=+ + —+
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2.2
a8, % 18 664n,A§iXaiy:§+ 64n+ 152n
9 8 11
of [S] of |2
3 3

9 4 g) 11
9| ./= 9| .|= 9| .|—
3 3 3
Va Ccac tong mang ciia mang lap phuong tdm dién duoc xac dinh boi

A 12+ 6 24 12 a4y 4 24 16

+ +=

n n n'’ n n n'

(2) (V3) 2 (V2) (V3) 2
8 36 32 232 18 16

n+ n+_n’ AixQy =1+ n+_n' (2.8)
(V2) (V) 2 (V3] 2

Sau khi di c6 duoc biéu thirc giai tich ciia niang lugng lién két va cac thong sé tinh thé, trudc
hét chling t6i tién hanh xac dinh khoang lan can gan nhét trung binh gitra cac nguyén tir a(P,0) ¢
&p suat P va nhiét 6 T = OK duya vao viéc giai phuong trinh trang théi [5]

Pv=-a 1%4_?1_0)8_'( , (29)
6 ca 4k ca

@.7)

A?‘i:2+

3
A : ) A 4a” . oo
trong d6 v la thé tich 6 don vi tng v&i mot nguyén tir, v = —= doi vdéi cau trdc 1ap phuong taim

33
3

‘. > . , fk\‘
khoi, v = ﬁdél véi cau trdce 1ap phuong tdm dién, 7 1a hang so Planck rat gon, o =,|— latan
m
s6 dao dong cua nguyén tir trong phép gan dang didu hoa va m 1a khéi lugng nguyén tu.
Tiép do, o doi caa nguyén tir khoi vi tri can bang y(P,T) sé& dugc cho bai [5]

y(P,T)= \/M A(P,0), (2.10)

3k*(P,0)

trong d6 0 = kgT 1a nhiét do théng k&, kg 1a hang sé Boltzmann, A 1a mot biéu thirc dugc cho
trong [5].

Khoang 1an can gan nhat trung binh gitra cac nguyén tr a(P,T) & 4p suat P va nhiét do T
duoc xac dinh boi

a(P,T)=a(P,0)+ y(P,T). 2.12)

Bay gio chi can thay nguoc lai a(P,T) tir phuong trinh (2.11) vao céc biéu thic giai tich tir
(2.2) dén (2.6) la chling t6i hoan toan c6 thé biét dugc ning lwong lién két ciing nhu cac thong sb
tinh thé cua vat liéu tai ap suat P va nhiét do T.

Chung t6i s& tiép tuc tim thé nhiét dong Gibbs (tinh trén mot nguyén tir) thong qua phwong
trinh sau

g:%:1//+Pv, (2.12)
trong d6 G la thé nhiét dong Gibbs cua ca hé, N 1a tong s6 nguyén tir trong hé va nang lugng ty do

w duoc xéac dinh bai [8]
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2

B

72X [1+§j—2(]/12 + 2]/17/2)(1+§J(1+ X )}} X

2n

(1+£
3

)

—, X =xcothx. (2.13)
20

Cong viéc cudi cung cua ching t6i 12 tai tirng ap suat P nhat dinh, dung dd thi su phu thudc
cia g va gg theo nhiét o T rdi tim toa d giao diém caa chung. Giao diém d6 s& cung cap cho
chding tdi thdng tin v& nhiét d6 chuyén pha A-B cua hé tai ap suét P.

2.2. Két qua tinh sé va thao luan

Céc thong so thé twong tac gitra cac nguyén tir Fe & pha ava pha y dugc chdng t6i cho

trong Bang 1.

Cac két qua tinh sé duoc ching toi trinh bay va thao luan trong cac hinh vé& tir Hinh 1 dén

Hinh 4.
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Hinh 1. S phu thugc nhiér dg ciia thé nhigt
dgéng Gibbs (tinh trén mgt nguyén ti) cia a-
Fe va y-Fe tai P = 0 cho béi phwong phap
théng ké mdmen. Nhigr dg chuyén pha cau
tric theo tinh toan 1a 1156 K. O’ P = 0 va duéi
nhi¢tr dp 1156 K, pha a bén vimg hon pha
yva do dé, Fe sé c6 cdu tric lgp phwong tim
khai. Con trén nhiér dg 1156 K Fe sé chuyén
sang cdu trac ldp phwong tim dign.
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Hinh 2. Sw phu thugc nhiér dé ciia thé nhigt
dgong Gibbs (tinh trén mgt nguyén ti#) cia a-
Fe va y-Fe tgi P = 5 GPa cho béi phwong
phéap théng k& mdmen. Nhigr dé chuyén pha
cdu trac theo tinh toan 12 956 K. O'5 GPa va
dwéi nhiét dp 956 K, pha o bén vitng hon pha
yva do dé, Fe sé ¢ cdu tric ldp phwong tim
khoi. Con trén nhiér dé 956 K, Fe sé chuyén
sang cdu trac ld@p phwong tim dign.

Bdng 1. Cac thdng sé thé twong tic Mie-Lennard-Jones cia kim loai Fe [6]

Pha D/kg(K) n m ro(10™°m)
o 12576,7 8,25 3,94 2,4775
Y 8384,467 8,26 2,12 2,5445
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Hinh 3. Sw phu thugc nhiér dé cia thé nhiét
dong Gibbs (tinh trén mét nguyén tir) ciia
a-Fe va y-Fe tai P = 10 GPa cho béi phwong
phap thang ké mémen. Nhigr dé chuyén pha
cdu trac theo tinh toan 12 728 K. 0’10 GPa va
dwdi nhiér dp 728 K, pha o bén vieng hon pha
yva do d6, Fe c6 cdu tric lgp phwong tim
khai. Con trén nhigr dé 728 K, Fe sé chuyén
sang cdu trac ldp phwong tim dign.

3. Kétluan
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Hinh 4. Pwong chuyén pha gi@#a cdu tric
giita a-Fe va y-Fe cho béi phwong phdp théng
ké mdmen c6 s phu hep tét véi cac di ligu
theec nghiém [7, 8]. Moi sai sé déu dudi 10%
trong khodng ap sudt twong doi réng tir 0 dén
11 GPa

Phuong phap thong ké mémen cung cap cho chiing t6i mot cach thirc don gian, hiéu qua dé
khao sat viéc chuyen pha cau tric cua kim loai dya trén di€u ki¢n can bang cua the nhiét dong
Gibbs. Cac két qua li thuyét dugc ching toi 4p dung dé khao sat sy chuyén pha a—y trong Fe
dudi thc dung cua ap suét Ién toi &p suat toi han I 11 GPa. Cac két qua tinh s6 c6 sy phi hop rat
tot vai thuc nghiém. Bicu nay mo ra tiem nang nghién ciru chuyén pha cau tric trong cac hop kim

bang phuong phap thong ké mdémen.
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ABSTRACT

The statistical moment method in studying the structural phase transition
of metal under pressure

Nguyen Quang Hoc and Tran Dinh Cuong

Faculty of Physics, Hanoi National University of Education

In this paper, we use the statistical moment method in order to investigate the body-centered

cubic (bcc) — face-centered cubic (fcc) structural phase transition of metal under pressure basing

on the equilibrium condition of Gibbs thermodynamic potential. Our theoretical results are applied

to consider the structural phase transition of iron in the range of pressure from zero to 11 GPa

with using the Mie-Lennard-Jones pair interaction potential. Our numerical results are in good
agreement with the experimental data (errors are smaller than 10%).

Keywords: Structural phase transition, Gibbs thermodynamic potential, Mie-Lennard-Jones

potential, statistical moment method.
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