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MO HINH NGUYEN TU TRUNG TAM CHO LY THUYET
CHUYEN PHA TRAT TU - MAT TRAT TU TRONG
CAC HQP KIM HAI THANH PHAN

Pd Chiéu Ha
Trudng Pai hoc Khoa hoc Ty nhién
(Bai nhdn ngay 14/08/2000)

TOM TAT : Trong bai bdo nay, mé hinh nguyén tit trung tam dugc phdt trién dé nghién citu
chuyén pha trdt tu-mdt trdt tu trong cdc hgp kim hai thanh phdn. Bdng mé hinh nay, chiing tdi
6 khd ndng tinh ndng lugng tu do cdu hinh ciia hgp kim, tit d6 rit ra phuong trinh cia trang
thdi cdn bdng va xdc dinh nhiét dé ddc trung cho chuyé?n. pha trdt tu-mdt trdt tw .

1. MG PAU

Viéc nghién citu chinh xdc trdt ty nguyén ti trong cic hgp kim qua md hinh ning
lugng tudng tdc cdp gdp phdi khong it khé khidn. Nam 1967, P.Hicter, J.C Mathieu,
F.Durand va E.Bonnier [1] qua thuc nghiém, phét trién miu tua héa hoc ciia Guggenheim,
da dé xudt md hinh nguyén t trung tim cho cdc hgp kim c6 hai loai nguyén tf . Trong md
hinh nguyén tf trung tdm, cdc thanh phan cd ban khong con 12 cdc cdp nguyén tf 1an cén
nita ma 1a nguyén t trong trudng luc clia z nguyén tl 1an cdn gan nhat .

Mo hinh nay md ra kha nadng tinh todn cdc dai lugng nhiét ddng luc hoc cho cdc hgp
kim hai loai nguyén t&& mdt cdch chinh xdc hon . Tuy nhién, cdc tdc gid trén chua van dung
d€ nghién cttu 1y thuy&t chuyén trat tu — mat trit ty .

Trong bai nay, ching t0i st dung mo hinh nay dé€ tinh todn ning lugng ty do cla cdc
hgp kim( khéng st tir ) c¢é hai loai nguyén tif ; trén cd sd do, xdc dinh cdc phudng trinh cin
biing, nhiét dd chuyén trat ty — mat trat ty va thdo luan k&t qua vdi cdc gan diing khéc .

2. MO HINH NGUYEN TU TRUNG TAM

Xét hgp kim hai loai nguyén tif, c6 N nguyén t& A vd Np nguyén t¥ B. z 12 s§
nguyén tf toan phin bao quanh mét nguyén tif gin nhat .

Goi va(j) 1 th€ ning ing vdi mot nguyén ti A cé j nguyén tif B bao quanh gin nhat
va (z - j) nguyén tif A bao quanh nguyén td A di cho .
; 1 & . y
Taco:<vA>=—-Zn,,(J).vA(]) (2:1)
N, i
trong d6 na(j) 12 s8 nguyén tlf A ¢6 j nguyén ti B va (z-j) nguyén tif A bao quanh.

X4c sudt Wa(j) tim ddng thdi j nguyén ti B va (z-j) nguyén t& A bao quanh mot
nguyén tif gin nhat A da cho :
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| . ;
WaG) =———-pid -Phs @2
G-t A

trong d6 p,, 1a xdc sudt tim m{t nguyén tf A canh mgt nguyén th A dd cho; py,

12 xdc suit tim m{t nguyén ti B canh mot nguyén td A da cho.

Z
Tacé : Y W,(jH
j=0

PNAGS! (2.3)

i=0

Xdc suit im mot nguyén tf A c6 j nguyén ti B va (z-j) nguyén tf A gan nhdt bao
quanh nd :

EA'A(%) =C,W,()) (2.4)

trong d6 C, =—];~{Vi 12 xdc sudt tim mt nguyén ti A bat ky trong mdt nit ; N =Njp + Ng

Do dé: na(j)=Na Wa(Q) 2.4°)
. z
<va>= Y W, (), ()
J=0
L
<vg>= ) Wy(i)v,(0) (2.5)
i=0

Dang tdng quat clia va(j) qua thuc nghiém dd dugc P.Hicter, J .C.Mathieu, F.Durand
va E.Bonnier tim dudc :

va(i) = va (1 + aj + bj®) (2.6)
va=Va(0)

Dung tinh chat va(j) c6 cuc ti€u khi j=z, ta tim dudc :

' {0z i
va(l)=va+ i%-ﬁ ‘[va@)-val (2.7)
Tuong ty : vp(i)=vp + 1(222— B [ va(z) — vg |
. .2

<VaAZ> =Vat+ 2.<j = Kava -<Jz 2 Kava

z z

» .2
S B K lz Z Kavs (2.8)

Z 2
trong do KA=M : KB:_V_EE)__V‘G; (29)

Ay A
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Z Z
<P=Y W3 5 <i>= Y W)
j=0 7 i=0
2 4 2 2 S 2
=Y WM 3 <id>=YWHi (2.10)
Jj=0 i=0

Ta c6 thé gidi thich vé mit 1y thuyét cong thiic (2.7) & trén :
Khi thay z nguyén t¢ A bao quanh nguyén t& A trung tim bidng z nguyén tit B thi

ning lugng thay d6i mot lugng va(z) - va . Ning lugng nay duge khdo sat nhu ning lugng
tudng tdc cia z cdp AA véi z cip AB . Ning lugng tudng tdc cia mot cip 4 A véi z cdp

AB bing Yal2)=¥y Ning lugng tuong tdc mot cip AA v4éi modt cip AB la

i 5 = i

[i‘——(f-);—‘-fi] . Ndng lugng tudng tdic mot cdp AA véi j cdp AB bing [v“(z)—;v"].j g
z — - g

Ning Iugng tudng téc (z-j) cip AA véijcip AB bing [fﬁ-gf-)zlﬂ'-].j.(z-j) )
= == VA

Do dé :

@ =va@. L+ E2D s puay-va LEZD oy
V4 4 z z

= VA: + %{—j—)- [va(z) - val

Pé tim dugc < va>, < vg> tiY (2.8), ta cin tinh <j> , <j>>

Bat: 3=PA_A_ i b=Paﬂ

Ding: a+b=1

mzn(—n%a“ b"=(a+b)" =1

ta tim du0c:<j>=z.pai=z% (2.12)

A

trongdé: pg, =CA.pr=CB.pA? (2.13)

12 xdc sudt tim mot cip nguyén ti AB .

Tuong tu
<i>-.z =g Pu
=Z.Pyp =1 (2.14)
L C,
) P P 2
<>=z. == +z2(z-1)( == 2.15
) c, (z-1)( C,;) (2.15)
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&) Dap Pap 2
<i>=z. 2= +z(z-1)( ===
C, (z-1)X C, )

Ta tinh p,; theo thong so trdt tu xa 7 va hé sd tudng quan Eont

N.
Ta cé i — AL,
Pas N

trong do : Ny=Ng =N,;+N,,

=2.N" p® + 2N pt L N (p® +p2

1 . 1 .
NAA=E[Z‘NA_NAB] : N33="2“[Z-NB_NAB] (2.16)
1
N = l-zm N°;N*=—.z,.-N*; N* =z, N° =z, .N°
2 2
2 N’
bit vy === , ==
N N
tatimdugc :  p=Ca Co+ 0,.0,7° (1=, —Us )+ &4 (2.17)
VLT £ =0,0,, .60 +0,L,,E5 40,0, (&0 +Em

Vi mang 1ap phudng thé tim AB ( nhu CuZn) :
P4=Ca. Co+ %ryz +& 45 (2.18)
-V@i mang 14p phudng dién tdm AB3 ( nhu AuCus) :
Pu=Ca Cat =1 +5,9 (2.19)

3.NANG LUQNG TRUNG BIiNH CUA HQP KIM
E = -[Na< vA> + Np< vp>]
Dung (2.8), (2.12), (2.15), ta tim dudc :
NZ (2z-1) =0 B

b= _T'[CAVAA +CpVpp + @ Pyp cC Pl  GD
NZ z-1 '
hay E=—-—c[Cyvy +CpVpp + @ pyy +L——-—2-(pwcu _ijﬁ)]
2 z CiCy

trong d6 : @ = Vpa+ VAB-VAA -VBB
B = Ca(vea- vB) + CB(VAB- VAA)
pas=Ca Cg + br]2 + €AB

b= Va. Vb.(l - Vaa - Vbb)
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Trudng hgp bd qua tudng quan, thi :
pas=Ca Cp + bn?
pis=C?A C% +2Cp Cpbn® + b™*

E= —% [£(0) +£()] 3.2)
trong dé

-1
€(0) =Ca vaa+ Cg vgg+ CaCpo +(ZT)(@ -B)C,Cy

em=bnllo+C@-28)1- CH L _pyt
z z “C.Cp

4. ENTROPY VA NANG LUQNG TU DO CUA HOP KIM
Theo dinh nghia, entropy ciahgp kim bing
S=k.In€2, k 12 hiing s§ Boltzman, Q 12 téng s8 cdc trang th4i c&u hinh clia hgp kim.

D3i vdi hgp kim chi & trang théi trat tu gin thi ta khong cdn phan biét niit loai a, b.
Khi dé6 :
‘ ’ 1 ! z : =i sk ; :
. NA" Nﬂ- 'H(C;)"AU)'H(C:.)"B(') (41)

H”,{(f)! 1—211‘13(1')! J=0 i=0
J=0 i=0

= zZl . : C: L z!. .
(z= ! (z-i)li!
Khi hoan toan mat trit ty (Mm=0 va gpp=0) thi:

N!
N, N,

Q =h(Ca ,C).

trongdé @  C/

z

Q--> Qg =

Tir d6, tim dugc :

= ‘!‘zl -
- Qn,,o) [T

i=0

2 ’ z i e S SR
(N, Ngh) [Ty O FLclys
J=0 i=0

h(Ca ,Cs)=

Dung cdng thuc Stirling : Iny! =ylny —y (y>>1), ta tim dudc :

S =klnQ = -Nk.{(1-ZZ)(CAIHCA+C}31DCB)+Z[(CA - pAB)ln(CA a pAB)+( Cpg - pAB)ln(CB =
PAB)+2paglnpas]} 4.2)

(4.2) chi cho ta tinh entropy clia hgp kim hai loai nguyén tit d trang thdi khong cd trat
tu xa (n=0), nghia la dng vdi :

paB = CaCp+€as
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Né&u dit: gap=-CaCpo (o 12 thdng s& trat tu gan )
thi : pas = CaCg(1 - 0)
Dung cédc k€t qua (3.1) va (4.2), ta im dugc ning lugng tu do F cia hdp kim & trang
thdi trat v gan:
2z-1 i)

2
C,C, Pas)

NZ z—1
F=E-TS= 'T[CAVAA +Cpvpg +( )D.P 45 _-(7)

+ NkT( (1-22)( CAIIICA + CB]HCB)+Z[(CA —pAB)ln(CA - PAB)
+ (Cg - pap)In(Cg - pas) + 2pagln pagl} (4.3)

Sau khi ¢6 ning lugng tu do, ta c¢6 thé thi€t 1dp phudng trinh can biing theo nhiét do
cho théng s& trat tw gdn biing cdch cuc tiéu héa ning lugng tu do :

oF -0
P 45
suy ra : .
z—1 £ 1-2z
(— )+ =22y +( )@
i (Ci =6 XCE —54p) __Z CiCq 2z (4.4)

(CaCq +£4)° kT

5. TRUONG HOP HOP KIM HAI LOAI NGUYEN TU CO TRAT TU XA

Trong c6ng trinh [2] dd tinh entropy bing phudng phép tya héa hoc cho hdp kim hai
loai nguyén tif c6 cdu tric 1dp phuong dién tim . Bing phudng phdp tuong ty, ta ¢6 thé tim
dugc entropy ctia hgp kim hai loai nguyén tif ¢6 cdu tric AB ( thé tim) vd AB; ( dién tdm)
khi bé qua tudng quan ciip nguyén i .

NI NI

Taed : Q= . - -,5
N3 Ng! NI Nl

(5.1)

Suy ra entropy theo thdng s& trat tu xa n:

S = -Nk{vi(Ca+vem)In(Ca+vyn)+va(Cg -vem)In(Cr-vyn)+vp(C+Va1)In(Cp+van)

+vp(Ca - van)In(Ca-van)} 3.2)

Diing (3.2) va (5.2), ta vi€t dudc ndng lugng ty do cho cdc hdp kim c6”hai loai
nguyén t¥ c6 cdu triic AB va AB; khi bd qua tudng quan :

NZ ]
F= - {Cyvpy + CyVi + (Z?)(a; - HE,C

(z-1) (z=1) B 208
+hn’[@ + —= (0 - 2f)] - ~—= —F—b
s (w-27)] C.C, m}
+NKT{va(Ca+vm)In(Ca+vpn)+va(Ca-ven)In(Cp-vp1)+ve(Ce+van)In(Cp+v,an)
+Vp(Ca-van)in(Ca-van)} (5.3)
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Cho o 0 , ta tim dugc phudng trinh cdn béng cho trat tu xa :

on
-y - " Az —  —

ln{(CA + Ub”)(CB % an) = Z(l Uaa Ubb) 3 {q[m e (Z 1) (!.'0 = zﬂ)]_ (Z I)Uaub( Uaa Uy

(Cx —0,m(Cy —v,7) kT 2z zC,Cy

(5.4)

-V6i hgp kim AB ( cdu tric 1ap phuong thé tim ) :

147, z (F-1 .3
| = - @ 5.5
n(l_ﬂ) e L e (5.5)

-Véi hgp kim AB3 ( cdu tric 14p phudng dién tdm ) :

Adnasn i e

z—1
i - - (— 5.
In(— ) = g+ = 2 @-201- 5 A (5.6)

) 1 3
trong d6 : p= 5 (VBA- VBB)+ Z( VAB- VAA)

Khai trién v& trdi ciia (5.4)gén diém chuyén pha ( lic d6 n bé ), ta tim dudc :

L ©-0)Cs=Ch) 1 > () +0})Ch +Chy . _ Mz 4Bz
o 7 2cC? 3'7 cc 0.0KT LT
(3.7}
trong do : A= U"U"(l—;“ ~Vu) o +('z;l)(a)—2ﬁ)]
z
B Ua? vi(l-v, -u,,,,)z_ﬁl(z—l)
2 % Clls

Khi 77-->0 thi T-->T¢ ta tim dudc nhiét d§ chuyén pha :

Te= 24z - L o, e
v,Lk

(l —Uge — Ubb)[w %

(Z;I) @-2)]  (58)

Ta fim budc nhdy nhiét dung clia hgp kim AB tai diém chuyén ( con ddi véi AB;
cling c6 thé tim bliing phép tinh twong ty ) :

3(’7 ) 3(77 )
st -B
( ) -Nz[ A 1
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phan hgp thic thi ding md hinh nguyén tf trung tdm cho cling gid tri diém chuyén pha
nhung budc nhdy nhiét dung nhé hon so v8i mo hinh ndng lugng tudng tdc cép .

hinh ta dang xét thi ta tim dugc E bing diing Eo & (6.1) ma Bragg Williams da tinh . Nhu
vy, m6 hinh nguyén ti trung tim ta xét da b3 chinh vio va(j) mdt lugng 13 [va(z) - val.
Jj @-))
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Tir d6 tim dugc :
Nk
C = 5.9
> 4z-1)p L2 Cj+Cf;) s
(z-1) T o5

zlo + —= (o -2)]
Z

Trudng hgp hgp kim cdu triic AB ¢6 thanh phan hgp thifc (Ca= CB=% 1z

2B=w

G % Nk (5.10)

k Te=2Az= % (5.11)
6.THAO LUAN KET QUA

-Vdi md hinh niing lugng tudng téc cdp, Bragg Williams [3] tim nidng lugng Eo tu :

Eo=-(Naa vaa+ Npg Ve + N, Vap)
< 1 : 1 i
Dung: NAA =5(ZNA- NAB) ;NBB=5(ZNB- NAB)
L NZ
ta viét dudgc : = - 7 ( Ca vaa+ Cg Vep+ PaAB®) (6.1)

trong do : ®=2 VAB - VAA — VBB

Tir d6, Bragg Williams di tim dugc phuong trinh cdn bing :

ln[(CA + Ubn)(CB + Ua’?) o, (]' i Uaa 5 Ubb )Za) ?? (6.2)
(Cy—0,mM(Cs —0y7) kT
va: Tl gy ) 6.3)

Ung véi hdp kim hai loai nguyén ti c¢6 ciu triic AB va thinh phan hgp thic thi :

Zw

kT.= 2 va AC,=1,5Nk

So sdnh vdi k&t qua (5.10) va (5.11), ta thidy véi hgp kim c6 cdu tric AB va thanh

- Ta thdy néu chi 14y dén s6 hang thit hai cla bifu thic the va(j) & (2.11) ciia md

s0 vdi mo hinh ning lugng tuong tic cip, tif d6 din d&€n ning lugng E dudc bd
Z
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B
CACB
v€ mit ly thuy&t, chinh 1a do th€ tuong tic giita cdc cip nguyén tit véi nhau ma cé, da
dudc gidi thich & (2.11) . Cing can luu § trong (6.1), Bragg Williams coi vag= vga ; cOn
trong md hinh ta dang xét thl phdn biét vap vdi vpa Vi trong thuc t&, n6i chung vea# vag.

y 2 -1
chinh mot lugng (i—)-(p,mco— Pis )(—-%) (xem 3.1) . Lugng bd chinh vao va(j)
z

- Viéc b chinh vao ning lugng dude thuc hién trong mé hinh dang xét din dén viéc
xuat hién thém mot dai Iugng mdi B ( bén canh dai lugng o di c6 irong mod hinh ndng
lugng tudng tdc cdp ) trong cdc phuong trinh cin bing, nhiét d5 chuyén va budc nhdy nhiét
dung . T bi€u thic clia o, B & (3.1), ta thiy m-2p<0 ; do do, tir (5.8) va (6.3), ta ¢6 nhan
xét 12 th€ tuong tdc cip din dén viéc gidm nhiét d6 chuyén pha T. ciia hgp kim va hon
nifa, gidm ca budc nhdy nhiét dung .

- Tir (5.8), ta thdy tng vdi cdc hdp kim ¢6 @ +@(a) —2/) =~ 0thi T=0, tic 12 hgp
z

kim d6 khong tdn tai trit tu xa ; do dd, 1y thuyét ta dang xét dd md rong gidi thich dude su
tOn tai cda cdc hgp kim hai loai nguyén tf chi & trang théi tritty gin trong ty nhién .

- CENTRAL ATOM MODEL FOR THE THEORY OF ORDER-DISODER
TRANSITIONS IN BINARY ALLOYS

Do Chieu Ha

ABSTRACT : In the paper the central atom model is developed to study order-disorder
transitions in binary alloys. By this model, we are able to calculate the configurational free
energy of the alloys, from which we can derive the equilibrium state equation and determine
the critical temperature for order-disorder transition .
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