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NGHIEN CUU BIEN DANG PAN HOI CUA HQP KIM THAY THE AB
VOI CAU TRUC LAP PHUONG TAM DIEN O AP SUAT KHONG

Nguyén Quang Hoc', Hoang Vin Tich', Nguyén Thi Hoa’va Nguyén Durc Hién®

'Khoa Var i, T ruong Pai hoc Suw pham Ha Noi
2Phdng Khdao thi va Bam bdo chdt}lwang, Truong Pai hoc Giao théng van tdi, Ha Noi
*Trieong Trung hoc phé théng Mac Binh Chi, Chu Pah, Gia Lai

Tém tit. Bai bao nghién ctru sy bién dang dan hdi ctua hop kim thay thé AB véi cdu trac 1ap
phuong tim dién & ap suit khong. Két qua nghién ctru da rat ra dugc cac biéu thirc giai tich cua
nang luong tu do, khoang cach 1an cin gan nhat trung binh gilra hai nguyén tir, cic modun dan hoi
nhu médun Young, modun nén khdi. modun truot va cac hang sd dan hoi ddi véi hop kim thay thé
AB v6i cau trac LPTD ¢ ap suat khong phu thude vao nhiét dd va nong do nguyén tir thay thé bang
phuong phap théng ké mémen. Trong trudng hop khi ndng d6 nguyén tir thay thé bang khong,
ta thu dugc 1i thuyét dan hdi caa kim loai chinh A.

Tir khéa: Hop kim thay thé, médun Young, modun nén khéi, modun truot, hiang sé dan hoi.

1. M& dau

Hop kim néi chung va hop kim thay thé noi riéng 13 nhitng vat liéu phd bién trong khoa hoc va
cong nghé vat liéu. Viéc nghién ctru bién dang cuia vat liéu noi chung, kim loai va hop kim noi ri€ng
thu hit sy quan tdm cua nhiéu nha nghién ciru [1-5].

C6 nhiéu phuong phap i thuyét khac nhau trong nghién ctru bién dang dan héi cua vat liéu nhur
phuong phap dong luc hoc phén tir, phuong phap m6 phong dong luc hoc phan tir, phuong phap phan
tur hiru han, phuong phap ab-initio, phuong phap moémen thong ké,... Mdi phuong phap déu c6 nhimng
vu va nhuoc diém riéng, viéc sir dung phuong phap nao t6t hon chi ¢ thé duoc danh gia tuy vao tung
bai toan cu thé. Phuong phap thong ké momen (TKMM) da duoc ép dung trong nghién ctru tinh chat
ciu trac, nhiét dong, dan hoi, chuyén pha va khuéch tan ciia kim loai va hop kim [6].

Trong bai béo nay, bang phuong phap TKMM chung t6i rat ra cac biéu thic giai tich cua ning
luong tu do, khoang cach 1an can gan nhat trung binh gitta hai nguyén tir, cac moédun dan hdi nhu
mddun Young, médun nén khdi. modun trugt va cac hiang sé dan hoi dbi voi hop kim thay thé AB voi
ciu trac lap phuong tam dién (LPTD) ¢ ap suat khong phu thudc vao nhiét do va nong do nguyén tir
thay thé.

2. N¢i dung nghién ciru
2.1. Nang lugng tu do cua hgp kim thay thé AB véi ciu tric LPTD

Xét mo hinh hop kim thay thé AB véi cau trac LPTD. Dbi véi hop kim trat tu xuét hién hai loai
nat. Nut loai a 1a nat “quen” voi nguyén tir A va nit loai b 1a niit “quen” v6i nguyén tir B. Trong tap
hop N nguyén tir, c6 Na nguyén tir loai A va Ng nguyén tir loai B. Nong d6 cta cac thanh phan A va B
trong hop kim 14n luot 13 ca Va cg duge xac dinh boi:
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NA NB

PN TN &

Ning luong tu do trong vat Ii thong ké dugc dinh nghia boi cong thirc
V¥, =—kTINZ,,, )

trong d6 Z,; la tong thong ké ctia hop kim AB va c6 dang
E

Ly =) Xp| —% |, 3

o =2 p( kBT] 3)

trong d6 E_ 1a ndng luong cua hé tuong Gmg véi s6 luong tir n. Ta biéu dién E, qua nang luong ciu

hinh E; va nang lugng dao dong E |
E,=E+E,, 4)
trong d6 mot cach gan dung c6 thé coi E,, khong phu thudc vao cAu hinh.
Thay (4) vao (3) va chuyén tong theo n thanh tong theo i va m, ta co

E +E E E.
2= Zexp(— Ik+T m j = Zexp(— ” "_;_ JZexp[—ﬁ} (5)

Trong gan dung bé qua hiéu tmg tuong quan, ta nhan dugc ning lwong ciu hinh E, nhu nhau dbi

. . . E .
voi tat ca cac cau hinh va c6 gia tri bang E. Thay E; =E vao (5) va dua exp(—ﬁ ra khoi tong
B
theo i, tong con lai cho W cac hoan vi khac nhau ciia nguyén tir theo cac nit mang. Két qua 1a

E+E E, ,
ZAB:Zexp(— " Tm}N:ZlW,Zl=ZeXp(—k #], E . =E, +E. (6)
m B m B

O day E, 1a ndng lugng cua hop kim. N6 duge xéc dinh boi sO trang thai lugng tir m clia hé va niang

lwong cau hinh trung binh E.
Ning luong cdu hinh trung binh E ctia hop kim dugc xac dinh theo ning lwong cdu hinh E f cua

cac hé hiéu dung (0{ P ) dudi dang
E=>v Paﬂ Ef ,
; ! (7

trongdo v, la nong d nut loai S ( p=a, b) va Paﬂ 1a xAc suat dé nguyén tir & (0! =A B) nam trén
nat S. Néu xem E,, khong phu thudc vao cAu hinh va cac hé hiéu dung,
E,=>v,P/(E,+E/)=> v,P/EL EL =E +E/.
a,fp a.p

ma !

(8)
O day Elfni la nang lugng cia hé hiéu dung (0! p ) NG dugc xac dinh boi sd trang thai lugng tir m
ctia hé va ning luong cdu hinh E f . Do do,

Z Vg Paﬁ Er'n'i

Z, =Y exp| - L———

— VAN
T e _;vﬂpa ¥’ —k T InW. ©)

Luu ¥ rang c6 thé tinh s§ hang thir hai trong (9) theo entrdpi cAu hinh S, cua hop kim
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— — B B
ksT INW =TS, S, =—k;N> v,P/InP’. (10)
a’ﬁ

Khi d6, nang lugng tu do cua hop kim cé dang
W=D v,P/YI TS, (11)
a.p

Nong d6 nat v 5 Vaxac suét Paﬂ théa man cac h¢ thuc

N N
P2 +P} =P +PY =1v,P2+v,P. =c, =WA'VaPBa +v, PP =c, :WB’ N=Ny+Ng o)
Paﬂ dugc xac dinh thong qua thong sb trat ty xa 77 trong hop kim boi
P’ :U(l—Vﬁ)+Ca- (13)
‘Pflé nang lugng tu do cua hé hiéu dung (0(, ﬂ) va c6 dang
£ s
u v ha
¥/ = 3N ﬂw[xﬁnn(l—e-% )} W =Yg (&), xf =%
a { 6 a O Zilq)al (| ||) a 20
100 Y .
kf:EZ(WZI =m (a)f) ((=xy.z),m =c,m,+C;mg, (14)
i it Jeq

trong do Uoﬂa 1a téng niang luong twong tic giita cac nguyén tir trong hé hiéu dung (a p ), m, va my
1a cac khoi lugng cua cac nguyén tir A va B. Trong hé hi€u dung (0! p ), nguyén t & dugc chon
nam trén nit loai B va ¢’ 1a thé ning tuwong tac giita nguyén tir tht i véi nguyén tir a, &, U, 1a cac
vecto xac dinh vi tri cdn bang va d6 dich chuyén khai vi tri can bang ctia nguyén tir thir i. Nang lugng
tu do ‘I’g cta h¢ hi€u dung (0( ] ) phu thudc vao khoang l4n can gan nhét giira cac nguyén tir trong hé.
Dbi véi hop kim hoan toan mat trat tu (77 = 0),
P:=P’=c,,Pi =P =c,, VY2 ==V, P2 =¥, =¥, (15)

B!

Hok

X , . . nP -
trong d6 WA la ndng luong ty do ciia mdt nguyén tir A ma xung quanh n6 c6 J;, = =22 nguyén ttt

A
B (P, 1a x4c suat dé 2 nguyén tir A va B dtig canh nhau, N, 1a s6 nguyén tir trén qua cau phéi vi

thtr nhdt), N, —J,, nguyén tir A trén qua cau phdi vi thi nhat, J,, =n,Ps =n,c, nguyén tir B (N, la

s6 nguyén tir trén qua cau phdi vi thir hai) va n,—J,, nguyén tor A trén qua cau phéi vi thir hai.
: \ - 5 A A 5 \ ’ ’ nIPAB A
Tuong tu W la nang lugng ty do cuia mot nguyén tir B ma xung quanh n6 c¢6 J,; = nguyen
B

tr A, n,—J,; nguyén tr B trén qui cu phdi vi thir nhat, J,, =n, P: =n,C, nguyén tr A va
n, —J,, nguyén tir B trén qua ciu phdi vi thir hai.
Trong hop kim hoan toan mat trat tu, xac suat d¢ 2 nguyén tir A, B ding canh nhau dugc xac dinh boi

P =C,Cq- (16)
Khi d6, ning lwong tir do cta hop kim thay thé AB hoan toan mat trat ty
¥, =C¥, +c L —TS,. (17)
Trong gan dung bo qua ning lwong trat tw cia hop kim,
1
¢AB(r)zE|:¢AA(r)+(DBB(r):|' (18)
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Khi d6, c6 thé xac dinh cac biéu thic cua ‘P:, ‘P: twong rng voi mo hinh hiéu dung trén vdi cac
théng s6 uf =u, ,k” =k’ c6 dang
Up, =Up, Ty, ((DBB _§0AA)1 tJy, (¢BB ~Pna )2 '
2 2 2 2
K =k, >k Jis [0 O ¢2AA + Jor | O (DZBB 0 §0§A . (19)
4 auw ou;, ) 4 ou;, ou;, )
O day, ki hiéu (...); (i = 1, 2) cho gi tri cta cac biéu thirc trong ngodc tinh tai khoang cach a; twong
Ging & qua cau phdi vi 1 hodc 2, J,, va J,, c6 dang
NP

J, = oy = (1—Ca),a=A, B. (20)

a
a

6

Luu ¥ rang, ddu “+” trong cac biéu thirc trén tucng ung voi truc‘)rng hop o = A, con dau twong ung
v6i o = B. Trong truong hop khi C; <<C,, ta c6 gan ding U/, ~U,,,k? ~k,. Khi d6, ning luong tu
do cua hop kim thay thé AB mt trat ty v6i C; << C, c6 dang

W,e ~CW, +C W, —TS.. (21)

Trong mét don vi thé tich, nang lugng tu do cua hop kim thay thé AB mat trat tu voi
Cy <<C, c0 dang
W ~CW, +C, W, —TS,. (22)
2.2. Khoang cach lan cin gin nhit trung binh giira hai nguyén tir trong hop kim thay thé
AB vé6i ciu triic LPTD
Khoang lan cén gan nhét trung binh gitta 2 nguyén tir trong hop kim thay thé AB véi céu trac
LPTD ¢ ap suat khong va 0 K dugc xac dinh bdi cong thirc
B
0TA 2ot
loias =Caloia 35— B TClos 7 B (23)
oT oT

O day, loiar s twong ung la cac khoang 1an can gan nhat giita 2 nguyén tir A va giita 2 nguyén tir B

50K,
21 (az\{f&}
T=0

T« 3 3N | ar2

a=AB, (24)

Bor,, 1a modun dan héi dang nhiét ctia kim loai & (a =A B) & 4p suat khong va 0 K,

Byr =Ca Bora +CsBors (25)
12 modun dan héi déng nhiét trung binh ctia hop kim AB & ap suét khong va 0 K, I, I, tuong tng 1a
cac khoang lan can gan nhét gura 2 nguyén tir A va gilra 2 nguyén tir B ¢ nhi¢t do T.

Khoang lan cén gan nhat trung binh giita 2 nguyén tir trong hop kim thay thé AB v&i cdu trac
LPTD ¢ ap sut khong va nhiét @6 T dugc xac dinh bdi

fas = Calia = +Calig B—TB , 26

3 B, (26)

trong d6 B, 1a mddun dan hdi dang nhiét cua kim loai o (a =A B) & ap suit khong va nhiét do T

va duoc xac dinh boi cong thure
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rliz (aija }
vV, | oa2
a - a3 T’Va:Nva’Va:gni’
3[““}
rOloz (27)

trong do ET 1a mddun dan hoi dang nhiét trung binh ciia hgp kim AB & ap suat khong va nhiét do T va
duoc xac dinh boi cong thue

By =C,B, +C3Brs. (28)

Trong cac biéu thuc ¢ trén,

2 2 2 2
(a %J _10%, 3o, | %, 1 (akaj w=AB,
T

oa’ ) 2 aa’ 4k, | o> 2k |oa, (29)

2.3. Bién dang dan hdi ciia hop kim thay thé AB véi ciu triic LPTD

Pao ham béc hai hai vé ciia (22) theo d6 bién dang &, ta co
ol oY, | 0%V,
=C +C . 30
os> Mot P og (30)
Tt d6 rat ra moédun Young cua hop kim thay thé AB

E,s =C,E, +C.Eq, (31)

trong d6 E,, E; 1a cdc médun Young cua cac kim loai A, B.
M0odun nén khéi K,; va modun trugt G, ctia hop kim thay thé AB dugc xac dinh theo modun

Young E,g boi cac cong thire

«  E @)
F3(1-2v)’
E
G=——2—.
® (1) (33)
Céc hang s6 dan hoi cua hop kim thay thé AB dugc xac dinh boi cac cong thirc
_ Ene (1_ Vs ) (39)
T (L4 veg ) (1-2v,g)
E.sv
C. — ABY AB ’
PR (Ltveg)(1-2v,) (35)
__ Eg
Caane = 2(1+ v ) : (36)

Trong cac cong thirc trén, hé sb Poisson v ag CUa cac hop kim thay thé AB duoc xac dinh boi
cong thirc
Vag =CaV, +CaVig, 37)

trong dov,,Vy 1a h¢ so Poisson cta cac kim loai A, B.

Trong truong hop nong d6 nguyén tir thay thé B bang khong, tir Ii thuyét dan hdi ddi voi hop kim
thay thé AB ta thu dugc |i thuyét dan hoi cua kim loai chinh A.
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3. Két luan

Bang phuong phap théng ké momen, ching t6i riit ra cac biéu thirc giai tich ciia nang luong tu do,
khoang cach 1an cin gan nhit trung binh giita hai nguyén tr, cic moédun dan hdi nhu médun Young,
mddun nén khdi, médun truot va cac hang sé dan hoi ddi voi hop kim thay thé AB véi cau trac LPTD
& 4p suat khong phu thudc vao nhiét do va ndng do nguyén tir thay thé. Trong truong hop ndéng do
nguyén tir thay thé B bang khong, tir 1i thuyét dan hoi dbi v6i hop kim thay thé AB ta thu dugc |i
thuyét dan hoi cta kim loai chinh A,
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ABSTRACT

Elastic deformation of a binary AB substitutional alloy with FCC structure at zero pressure

The analytic expressions of free energy, the mean nearest neighbor distance between two atoms, elastic
moduli such as the Young modulus, the bulk modulus and the rigidity modulus, and the elastic constants for a
binary AB substitutional alloy with an FCC structure are derived using the statistical moment method. When
the concentration of B substitution atoms is equal to zero, we obtain the elastic theory of A main metal.

Keywords. Substitution alloy, Young modulus, bulk modulus, rigidity modulus, elastic constants.
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