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TH E M ELTING TEM PERATURE FOR BINARY  
ALLOYS AB AT VARIOUS PRESSURES

P h a rn  D in h  T am1t
Military Thchỉiicỉìl Acỉìdeinỵ

A b s t r a c t .  7/ic rquahoTis f o r  Tĩìe l̂íi.ĩìg f.empe.ralure o f  the TTi.ctals and binary alloys  

Á B  /n fh( J . i . c  ariíỉ b . r . c  s t r i i c luT ts  are obtained  by the moTiieni Tiiefhod. T h e  va lues  

o f  ÌỈÍC in cUi ĩ i g  tu in pvra i i r re  obtũĩTìed by  s o l v i n g  t h e s e  e q u a t i o n s  are  i n  good  a g r e e m e n t  

a tfii e r p c ì ỉ ì r i e ì ì l a ỉ  da ta .

I. INTRODUCTION

IljcK' ai<' various iiuMliocls of investigation of the fusion for crystal such as Liiide- 
imiiii UK'iliud. Siiuoii rqiiation [ 1 ] . pseudo - poĩ('iitial luothod [ 2,3] . Those methods 
I(4p to hncc('ssiiill\- iiivrsti«at(' tho fusion of some simple metals. Tlie (Jevelopnient of the 
‘quaiioii tor of th(' niotals and binary alloys having the same l a t t ice

itiuftiucs at \ai ions pu'ssuros is a task which has bi‘011 paid attention to but iias not been 
latisiactui ilv n*solv('(l. rii(' rocont US(' of the conilirioii of absolute stability for the
‘I\'síalliu(> statf'. and th(  ̂ uioiiHuit nioỉhod has given tlio rquation for molting tom prraturp 
)f th(’ lurtals and l)inai \' allo\'S AB witli a \'ÍT\’ small fonc(*ntration of atoms B at pressiiii' 
) — I) and tli(' ('(juatioii toi rli(' uu'ltiu^ t<'nip(narui(‘ of tli(' iu(*tals at various pressures. 
rii(' niuut'iicMl K'siilts arc VVIY well with tilt' (*xp('iini(Mit[ 4

In (lĩfĩ('r(Míc(' to rlir authors, in this work. 1)\' usiii^ th(' Liii(l('uiaini assmnption
1 aiKỈ tÌK' K'sults ()!)tain<'(l troin thí' iiioiiK'nt nu'tliod of th(' works [ 5. 6. 7] wo havo 

tli(' ('CỊiiatioiis foi iiK'liinn roinporaturo o f  tho m rta ls  and al loys A B  w i t h  f.r.c  

u h I  !)-( .( s t r u c l u K ' s  a t  \ -a i i i>us  PK'SSUK'S. ' r i i ( '  c a k ' u l a t i o n  K ' s n l t s  a i ( '  in  ^0 0 (1  a g r o f ' u i o u t  

v i l  li  t h ( '  i i i K ’ i i i a l  ( l a t a .

ỈỈ Till-: K Q rA 'n O X S  FOR MKLTLXC TKMPERATURE OF THE METALS
AND BINARY ALLOYS AB.

Hsiii” tli(' Liudf'inaiiii assumption [ 1 . the ('qiiiUion for iiK'ltiiio t(*inp('iaturo of the 
lU'tals fuul hiiiai\' allo\'s AB is giv(‘ii ill foMii:

«‘ ì t Z p )

Athene ((r) - \ hv uK‘an squan' (lisplacoiiKMit of atoms ill tho lattice vibration; a - Tho lattice 
spaciii^s; Tn, - Tlir tonipoiatiiio for crystal at pivssmv  p.
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For to tlio binary alloys in tho f.c.c and h.r.c structmt's. tho is given ill tỉie
foi Hi

( 2 )

where ly-i - the coiireiitiaiion of the lattice point of typ r 0  — a, h)\ - tlio probability of
atoms a (o — .4, B)  located in the lattice point /?; ) - th(‘ moan square (lisplaceiiK'iit
of atoms ill the lattico vibration of the effective system ( a  đ ) .

Similar to [61 . wo have

( ả-ÍỈ)
(3)

Substituting defined in 5 into ( 3 ) , we obtain

TT +

(4)

Put ( 4 ) into ( 2 ) and tako into accout tho coiulition of probalitios [ 5l . W(' 
obtain tho following result

ự ) = C A { » l ) + C u { u ị ) -

f  [ 1 1 , Oi) «
I i  1.7 1.7 +  \  /  .) 1,4‘ Ki^' A H V '• ‘l h

IT  - I T  ..  .' ....X -  9

H /
X

H / \  6

wliere - tlie mean square (lisplaroinonf of atoms ill the inota ls  n (rt A ,  D)

Wi )
0

hĩ  ■

((i)

111 the expiessioiis ( 5 ) and ( 6 ) , tlip parameters Ả'o, -y„, {n) , {(i) , Aipt’J {.
are defined hv t h v  intciaction potential between atoms in metals. In the approximate limit 
of the two first aiul second coordination splieres. we havt^ found the following expressions 

* For the f.c.c lattice:

a a 2

l o  = ’(«) +  H") +0 o (7̂

(7a)
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^For /̂i.e b.c.c lattice:

7« =  '(«) +  ?ễ:v^a ’(«) -  H«) +9o 9fl.2 9a^

(2 ) +

+

3o
4

3^

-  ^ a \ " )

ip^s\n) -  v^Í4^(a)

(2) ( 1)

3o3
( 1)

(7b)

(7c)
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(7d)

(7e)

(8a)

(8b)

(8c)

(8d)

(8e)

In the expressions ( 7a e ) and ( 8a ~e  ) , ự>a - '̂he interaction potential between 
two atoms in metal a {a — A, B)] upper indexs of potential ip - order of derivative; a, 0-2 

- radii of the two first and second coordination spheres, they have been defined in [7 ] .
Put ( 5 ) into ( 1 ) wo obtain the equation for melting temperature in thệ binary 

alloys AB

Ca ÌĩÎa ) + C B { y ị ) -

( ^ n l P A B  Ị  I  1 1 7 b V
-  p -  +  t ị  ~ p ~

Av?(-*)(a)
-*ớ

4 Ả'21 '̂a

 ̂ 1 1 \ /

V (9)
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In tli(* (equation ( 9) - const, is deti'nninoil 1)V th(' ('xị;)('iiiiK’ntal (lata for the molting 
toinppiatuK' of tliO alloys at piossun' p =  0 { oi at Ị)I(\SS111(‘ p /  0 ) . Tims, if tli(' potential 
(niergy =  A , B )  is known, from ( 9 ) wo can (l('t(Tiaiiio the nipltiuf*, t(‘iiip(natuio tor
binary alloys AB at various prossuie. Put ( 6 ) into ( 1) \V(‘ obtain tlio (equation for 
tom ppia turo  in the niotals

{ 10)

where are (lerennined by ('xpiessions ( 7a ) , ( 7h) ( for tlio f.c.c lattice ) or ( 8a) .
(8b )( for the  b.c.c latt ice);  (ia - tht' lat t ice  spac iu gs  o f  Iiu'tal a .  they  arc (k'tCMuiiH'd in [G 
: const is (letininiued by the expeiinunital data  tor th r  nioltiiig tonipi'iatiiK' of th(' iiiPtal 
a at prcssiiK' p =  0.

I I I .  T H E  N U M E R I C A L  C A L C U L A T IO N  A N D  D IS C U S S IO N .

For Iiuinoiical calculation we chooso the interact ion potential between two atoms in 
metal in the form of the Lonnaid - Jones potential [8

v ? ( r )  =
D

Ĩ Ì  —  111
111 11

whore D, To are deiennined by ('xperimont and //,?// ai(‘ (lotonniiiod by expíMÌPUce (Tal)l(’
I ) : r  - radius of the coordination splioiP, defined ill [ 7 .

Metals A1 Ag Cu Ni Pd Pt

D/k (K) 2995,6 3658,9 4125,7 4782,0 5478,1 7039,3

ro(Ả) 2,8541 2,8760 2,5487 2,4780 2,7432 2,7689

n 12,5 9,5 9,0 8,5 9,5 10,5

m 4,5 5,5 5,5 5,5 5,5 5,5

T ab le  1. Tho value of parainetois D,  r(), li and ÌÌỈ of tli(' motals

Metals
P(Kbar)

const
0 10 20 30 40 50 60 dTm ' K ' 

dp Vkbar/
A1 75.10-“ Cal 935 933 1048 1100 - - - 6.0

Exp 933 933 1053 1 11 0 - - - 6.5
Cu 69.10-^ Cal 1355 - 1430 - 1510 1580 1600 4.0

Exp 1357 - 1430 - 1510 1580 1600 4.0
Ag Ta.lO-" Cal 1255 - 1373 - 1480 1590 1610 5.5

Exp 1234 - 1373 - 1472 1588 - 6.0
Pt 46.10-^ Cal 2040 - 2136 - 2210 2290 - 4.0

Exp 2043 “ 2136 - 2210 2303 - 4.2

T ab le  2. The calculation (Cal) and (‘xporiniontal (Exp) 
9] values of the melting temperature of the metals.
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Alloys Cb
P(Kbar)

Const
0 10 20 30 40 50 60

d T m f  K \
dp V kbary

CuNI 30 84.1-^ 1513 1555 1595 1635 1675 1715 1750 4.0

NiCu 55 87 .1--" Ỉ563 1605 1645 1685 1725 1765 1800 4.0

AuPt 30 58.1'** 1723 1765 1815 1865 1910 1960 2010 5.0

PdCu 40 91.1'* 1498 1545 1595 1640 1685 1730 1780 5.0

PdAg 40 81.1"' 1663 1720 1770 1825 1875 1930 1985 5.5

T able  3. The molting temperature of the alloys at various pressures
Tn,(K)

10 20 30 40 SO 60 70 p (Kbi

F ig  2. T lx  mciiinq icmpcraturc for 
alloys ai various p r tssuv ts

ig 1. Tht melting tempe.raiun of  
Tfitiai ai various pressures.
(ihf  dots correspond experimental  
values f9j)

T1h‘ valiu‘8 of th(‘ nu'ltiiig temperature for motals Al, Cu, Ag, Pĩ and for alloys 
( ’uXi. XiCii. AuPt. PdCiK PdA^y ai'(‘ given in Tables 2, 3 and are shown in the Figs. 1,2.

p>a;.<«l I>n th<' i n i i i i i ‘i i< a l  1ul)lon i i iul th<- ol it  íiiiiiHỈ, w v  l ia v t ’ t h e

(o u i u u ' n t s

- 'ĩli(' K'sults o f  calcu lat ion  of  the  nii' lting ton ip p ia tun '  o f  motaly by t h e  inoinont

nu'thod ai‘(' vvpll with iho oxppi'iniontal (lata ( the (lifferonco is holow 0,1%).
- I li(' oỉ)taiỉi(Ml fusion cmvo of nii'tals and alloys has a form close to a straight lino

witli an inclination of valuo foi' ('Hch inotal aiul alloys. This result is also well
agKHYl with tlu' exppiinieiital data [9 .

A( ( oidiỉigly, the equations (9) and (10) allow to dotermine the melting temperature
ui \ hv l)iiiaiy alloys aiul niotals with f.c.c and b.c.c structurevs at various pressures.
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NHIỆT ĐỘ NÓNG CHAY CỦA HỢ P KIM THAY THE AB Ở ÁP SƯẤT KHÁC NHA

Pham Đình Tám

Khoa Lý  Hóa - K ỹ  thuật Học viện K T Q S

Sử dụng giả thiết cùa Lindemann và mỏ hình hệ hiệu dụng của hợp kim đưa 11 

trong các còng trình trước, chúng tôi thu được các phương trình mới xác định nhiệt đ( 
nóng chảy của kim loại và hợp kim thay thế AB cấu trúc LPDT và LPKT ờ áp suất khái 
nhau. Kết quả rinh số từ các phương trình thu đưạc phù hợp tốt với các số liệu thự( 
nghiệm


