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LI THUYET NHIET PONG CUA HQP KIM XEN KE AB VOI CAU TRUC B,

Nguyén Quang Hoc, Nguyén Thién Thanh, Nguyén Nhat Hoang, Chu Minh Thu
va Nguyén Thi Thao Linh
Khoa Vat li, Truong Dai hoc Su pham Ha Ngi

Tém tit. Biéu thic giai tich caa nang lwong tw do Helmholtz, nang luong lién két, cac
thong s hop kim, khoang 1an can gan nhit trung binh va cac dai luong nhiét dong nhu hé
s6 ddn no nhiét, cac hé s6 nén dang nhiét va doan nhiét, cac médun dan hdi dang nhiét va
doan nhiét, nang luong, entrdpi, cac nhiét dung ding tich va dang ap, thong s6 Gruneisen
ddi voi hop kim xen k& AB Véi cau tric B, dudi tac dung cua ap suét duoc rdt ra boi
phuong phap théng ké mémen. Trong truong hop gidi han, ta thu dwoc Ii thuyét nhiét dong
cua kim loai chinh A,

Tir khéa: cau tric By, hop kim xen k&, thong s6 hop kim, khoang 1an can gan nhét trung
binh, phuong phap thong ké mémen.

1. Mé dau

Viéc nghién cau hop kim xen k& (HKXK) di va dang thu hat sy quan tam cta nhiéu nha
nghién ctu [1-14]. Cac tinh chét nhiét dong cua céc vat lidu 1a co s cua vat Ii chét ran va cac
ing dung cdng nghiép. Hon nita, c4c tinh chat nhiét dong & ap suat cao va nhiét do cao luén
luén duoc su quan tim dic biét cua cac nha vat i va dia vat Ii. HKXK FeSi ton tai pha B, ¢ ép
suat cao va c6 nhiéu tng dung khoa hoc cong nghé quan trong [4].

Dobson va cong su [7] d théng bao vé mot pha méi & &p suét cao cua FeSi ¢o cau tric B,
ma né duogc tong hop biang mot phan tng nhiét do cao caa cac holonx hop cua Fe va Si tai 24
GPa. Cau tric B, con goi 1a cau tric CsCl, ¢ nhém khdng gian Pm3-m (Z = 1) véi hing sb

mang a = 2,7917(1) A. Dobson va cong su [8] va Ono va cong su [9] d3 do hé sb nén cua pha
B, nay bang nhiéu xa tia X tai cc ap; suat Ién toi 40 GPa va 67 GPa. Hé sé nén cua pha By-FeSi
da duoc tinh bang cac phuong phép ab initio vi du trong [8-11]. Caracas va Wentzcovitch [10]
da thong bao cac tinh chét ciu tric va dan hoi cua pha B,-FeSi tai cac &p suat trong khoang tir 0
dén 140 GPa.

Trong bai b4o nay bang phuong phép théng ké mé men (PPTKMM)[12- 14],chung toi co
thé rat ra biéu thic giai tich cua nang luong ty do Helmholtz, nang luong lién két, cac thong s6
hop kim, khoang lan can gan nhat trung binh va cac dai lugng nhiét dong nhu hé sb dan no
nhiét, cac hé sé nén dang nhiét va doan nhiét, cac moédun dan hoi dang nhiét va doan nhiét, nang
luong, entrdpi, cac nhiét dung dang tich va dang ap, théng sé Gruneisen ddi vai HKXK AB véi
cau tric B, dudi tac dung cua ap suét.
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2. Noi dung nghén ciru
2.1. Hop kim xen k& AB véi cau tric B,

Trong HKXK AB Vi cau triic By, cac nguyén tir kim loai chinh A ndm & cac dinh, nguyén
tir xen k& B nam & tam khoi. Hinh 1 md ta cau trdc B, cua mot dai dién cua HKXK AB la FeSi.

P O

Hinh 1. Cdu truc B, cia FeSi

2.2. Nang lwgng tw do Helmholtz
Gia sit HKXK AB ¢6 ndng do thanh phan thoa man diéu kién:

Cp <<C,.
Ning lugng tu do Helmholtz cia HKXK AB véi cau tric B, duoc xac dinh bai
V= (1_9CB)WA +Cgp +8CgY, — TS, 1)

trong d6 v , 1a nang lugng ty do cua nguyén tir A trong kim loai sach A, yg 1a nang luong ty do
cua nguyén ta B trong HKXK, W 5, 1a nang luong tu do cta nguyén tir Ay(nguyén tir A ¢ dinh
cd chtra nguyén tir xen k& B & qua cau phdi vi thi nhat) va S¢ 1a entropi cau hinh cia HKXK

AB. Cong thc (1) rut ra tir nhan xét la tng véi 1 nguyén tir xen k& B ¢ tam khéi co 8 nguyeén tu
A; trén qua cau phdi vi thir nhat voi tm tai vi tri caa nguyén tir B. Tir d6 suy ra néu ndng do

nguyén tir xen k& B la ¢, thi ndng do nguyén tir A; la Cp = 8c, va nong do nguyén tir A Ia
1-cg, —8c; =1-9c,. Khindng do nguyén tir xen k& B bang khong thi nang luong tu do cua
HKXK AB tr¢ thanh nang lugng tu do cua kim loai sach A. Vi thé céc tinh chét nhigt dong cua
HKXK AB trg thanh cac tinh chat nhiét dong cua kim loai sach A trong truong hop giéi han
Cz — 0. Noi céach khac, tinh chat nhiét dong cua kim loai sach A chi la mot truong hop riéng
dbi voi tinh chét nhiét dong cua HKXK AB.

2.3. Niing lwong lién két va cac théng sé hep kim

Nang luong lién két u va cac thdng s6 hop kim k, 7, 7, 7 doi voi nguyén tir xen k& B ¢
tam khéi caa 6 mang lap phuong va nguyén tir Kim loai chinh A; (nguyén ti A ¢ dinh cta 0
mang lap phuong) trong gan ding hai qua cau phéi vi cd dang

2
Upg = 4¢Ppg (rls)""?’(pAB (rzs)'rzs :ﬁrlB’ 2
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c :4d2¢AB(nB)+§d2¢AB(rZB)+ 9 dg,s(rg) o
’ drlzB 4 drzzs ar,g drzs '
7 :ld4¢AB(rlB)+ 1 d¢AB(rlB)+ 3 d4¢AB(rZB)+ 3 d3¢AB(r25)+
o6 diy 2y dr, 128 dry  64V3r, dry
21 d2¢AB(r23)_ 21 dg,g(r;) )
128r;,  dr} 128r;,  dry,
= d4(pAB(rlB)_idsq)AB(rlB)+Ed2¢AB(r13)_Ed¢AB(r13)+
2B T
dy  hg  dny ong o dng oy dr,
n 3 da(DAB(rZB)_ 1 dz(pAB(rzla)+ 1 dog(rg) (5)
8r, dr} 8r’  dr} 8ry, dr,
7324(7134‘723): (6)
e =Toe + Yo M), (M
Uop =Uoa T Pns ("1A1 )’ (8)
fig =Tora + Yos(T), (9)
d’pus (r do,g (F,
kpl:kA'}_E goABz(lAl)_ 4 ¢AB(1A1)’ (10)
dry, 3, dr,
P +£d4¢AB(r1A1)_ 4 dg(pAB(rlAl)_ 17 d2¢AB(I’1A1)_ 17 dq)AB(rlAi)
hOTATT O dr, o,  dr 183, dr) 185, dr,
(11)
o +Ed4¢AB(rlAl)_id3¢AB(nAi)+ 59 d°0u (1) 59 d@us(Niy) )
2 =V2a Ty drl‘}Ai L, drlil 3rli1 drﬁAl 3@1 dr,, ,
7//.\:4(71,41"'72&)7 (13)

Ih1s 1a khoang lan can gan nhét gitta nguyén tar Bvai nguyén tar A trong hop kim & 0 K va
duge xac dinh tir diéu kién cuc tiéu cua nang luong lién két Ugg, y, 5 (T) 1a do dich chuyén
ctia nguyén tir B ¢ nhiét do T, ¢, la thé tuong tac giita nguyén tir A va nguyén tir B. lo1a la
khoang 1an can gan nhat giita nguyén tr A, v6i cac nguyén tir khac trong hop kim ¢ 0 K va duoc
xdc dinh tir dicu kién cuc tiéu ciia nang lugng lién két Uy, . U, 7,4, 7,412 céc thong s6 cua kim
loai sach A véi cau tric lap phuong don gian (SC) trong phép gan ding 2 qua cau phdi vi [12].
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Uya :3(PAA(r1A)+6(DAA(r2A)’ KA :\/EGA’ Uy :3(PAA('1A)+6(DAA(r2A)’ KA =\/§r1A' (14)

k, = dzgoAA(rlA)+£d¢AA(r1A)+4d2(9AA(r2A) 2 d(”AA( ZA)

15
drli h, dr, dr22A La Ao, ()
y =id4¢AA(r1A)+ 1 dz(”AA(rlA)_ 1 ngAA(rlA)_i_
H24 dhy4r dhh o 4rh dr,
d* r d? r d r
+1 (PAA4( ZA) N 12 CDAAZ( 2A)_ 13 CDAA( 2A)' (16)
6 dr,, ar,, dr,, 4r,,  dr,,
Yor = 1 ds(DAA(rlA)_ 9 dquAA(r-lA)+ 9 d(DAA(r-lA)+
A=
2a, dr,  8r, drj 8, dr,
+id4¢AA(r2A)+ 3 dquAA(rZA) 4d q’AA( 2A)+ 4 d(”AA(rZA) 17)
12 dr), 2r,,  dr), r22A dr, e, dr,,
7A:4(71A+72A)- (18)

2.4. Khoang lan can gan nhét trung binh giira hai nguyén tir
Phuong trinh trang thai cia HKXK AB véi cau tric LPTK ¢ nhiét 6 T va &p suat P cd thé

viét dugi dang
1 du, 10k Ar)
Pv=—r| = —2+0xcthx—— |,v=—"Z. (19)
6 or 2k 0

n n

Tai T = 0K, (19) tré thanh

‘\6ar 4k or,
Néu biét thé tuong tac ¥, (20) cho phép xac dinh khoang lan can gan nhét
r, (P,0)(X=AA,,B)tai dp suit P va nhiét do 0 K. Néu biét r,, (P,0) ta c thé xac dinh cac
thdng sb hop kim K, (P,0), 7,5 (P,0), 7,4 (P,0), 7, (P,0) tai ap suat P va nhiét d6 0 K ddi véi
md&i trudng hop caa X. Khi do, ta c6 thé tim duge do doi Y, (P,T) cta nguyén ta X tir vi tri

Pv:-r(la“ hoy akJ 20)

can bang tai ap suat P vanhiét o T. Tlr do, ta co thé tinh khoang l1an can gan nhat r,, (P,T) tai
&p suat P va nhiét ¢6 T nhu sau:
e (P.T)=15(P.0)+ Ya (PT) AP T) =14(P.0)+ Y, (P.T),
2.3
1A (P,T) = 3 rlB(PlT) (21)

Khoang lan can gan nhat trung binh giira 2 nguyén tir A trong HKXK AB c6 céu tric
B, c6 dang

rlA(P!T) = lA(P'O) + y(P,T),
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D N\ ' ' Z\ﬁ
G.A(P’ 0) = (1_CB ) rlA(Pi 0) + CBrlA(Pi 0), rlA(P, 0) = T rlB(Pi 0),

y(P,T)=(1-9¢; ) ya(P.T) +Cys (P, T) +8c,y, (P, T), (22)

trong d6 I, (P,T) lakhoang Ian can gan nhét trung binh giita 2 nguyén tir A trong HKXK AB

tai 4p suat P vanhi¢t do T, r,, (P, 0) Ia khoang Ian can gan nhét trung binh giita 2 nguyén ta A
trong HKXK AB tai p suat P va nhiét do 0 K, r,,(P,0) la khoang I&n can gan nhat gitra 2
nguyén tir A trong kim loai sach A tai 4p suit P va nhiét do OK, r’,(P,0) lakhoang lan can gan

nhat gitta 2 nguyén tir A trong ving chtra nguyén tir xen k& B tai 4p suat P va nhiét do 0 K va
Cg Nong do nguyén tir xen ké B.

2.5.Hé sb nén diang nhiét va médun dan héi dang nhiét

Hé s6 nén dang nhiét va médun dan hoi dang nhiét caia HKXK AB vai cau tric B, 1a

3
o8 1
’ = (23)
Xag = 3 J§ 1 aZV/AB Bras P
481AB 3N 6af\B N

Vi ~C 82'//’* +C ve +Cp Tv (24)
08, ). da, °\ oa, ). ]

oa,
2 2 2
i@l/;x 1 aUzOX +ha)x 8I<2X_ 1 X=ABA, (25
3N\ oy ). 6\ oy ). 4k, | oy 2k, arlx

trong d6 €, =1-9¢;,C, =8C; ddi véi HKXK ¢6 cau triic B,.

2.6. Hé so dan né nhiét
Hé sé dan no nhiét caa hop kim dugc cho bai

kg, da “a, 1 &
Qlppg = B0 8 Keo Xras | Boss e+ O Wns ’ (26)
Ay, d6 3 Ay ) Vag 3N O060a,,
2 2 2 62
OV . OWa c Oy c Va , 27)

~ VA +Cp + A
o6oa,g otoa, 06oa, o6oa

LSy L e, 20 s By ,y 72) L (4 +ZZ)_(2m6kx_am jY Zz}. (28)
X=X X X k X=X

3N oeba, 2k, da, k2| 3k, da, 6 da, . 0a, da,
2.7. Nang lugng
Ning luong cua hop kim bang
0
Ene =Was —0 ;:;B ~C B +CeEg +CLEy, (29)
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E, =Upy +Eoy +3t“9 {}/ZXY +7;X (2+z§)—2yzxvxz§},on =3NoY,.  (30)
X
2.8. Entropi
Entrdpi caa hop kim dugc xac dinh boi
Si =@ ~C,S,+C5Sg +C, Sy (31)
S, =Sy, + SNkkff)e[%X(MYx +22 )—2y2xvxzi},sox = 3Nk, 8], —In(2sinhx, )] (32)
X

2.9. Nhiét dung ding tich
Nhiét dung dang tich cia hop kim tim duoc tir biéu thic sau

oE
Coe = a.FB = CaCup +CsCp +CACip (33)
20
Cux =3NKkg, {Z>2< K2 (Zyzx 713x ]szi +7/1?X(1+Z>2< )_7/2x (Zf( +YZ; ):l} (34)
X

2.10. Nhigt dung diang ap
Nhiét dung dang tich cta hop kim dugc cho boi

TV, o
PAB C\/AB + AR (35)
TAB
2.11. Hé s6 nén doan nhiét va mdédun dan hoi doan nhiét
1
Xsag = Cua Xrags Boas = . (36)
Cons YA
2.12. Thong s6 Gruneisen
3aTABVAB (37)

Yeas =
X1aB CVAB

3. Két luan

Bing PPTKMM, ching tdi lan dau tién d3 rat ra biéu thuc giai tich cua nang luong tu do
Helmholtz, ning luong lién két, cac théng sé hop kim, khoang 1an can gan nhét trung binh va
cac dai lugng nhiét dong nhu hé sé dan nd nhiét, cac hé sb nén dang nhiét va doan nhiét, cac
mobdun dan hf)i dang nhiét va doan nhiét, nang lugng, entrdpi, cac nhiét dung dang tich va déng
ap, thdng s6 Gruneisen d6i véi HKXK AB véi cau tric B, phu thudc vao nhiét do, ap suat va
nong d6 nguyén tir xen k& Trong truong hop gidi han khi nong d6 nguyén tur xen ké bing
khong, chung t6i thu duoc Ii thuyét nhiét dong caa kim loai chinh A.
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ABSTRACT

Thermodynamic theory for interstitial alloy AB with B, structure

Nguyen Quang Hoc, Nguyen Thien Thanh, Nguyen Nhat Hoang, Chu Minh Thu
and Nguyen Thi Thao Linh
Faculty of Physics, Hanoi National University of Education

The analytic expressions of the Helmholtz free energy, the cohesive energy, alloy
parameters, mean nearest neighbor distance and thermodynamic quantities such as the thermal
expansion coefficient, the isothermal and adiabatic compresibilities, the isothermal and
adiabatic elastic modulus, the energy, the entropy, the heat capacities at constant-volume and at
constant-pressure, the Gruneisen parameter for interstitial alloy AB with the B, structure under
pressure are derived using the statistical moment method. In limit cases when the concentration
of interstitial atoms is equal to zero, the thermodynamic theory is appropriate for the main metal A.

Keywords: B, structure, interstitial alloys, alloy parameter, mean nearest neighbor distance,
statistical moment method.
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