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0 limB  Zr  Hf 

-

. 0 limB, . -

 Zr  Hf 

, . -

0 limB .
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-

 –  (Zr) 

 (Hf).  Zr  Hf 
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c , -
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,

. 0 -

, . -

, . . ,

0 . 0 ,

,  ( )  – ,

.

0 .

0 0 limB,

.

 Zr  Hf 0 limB -

. , 0 limB ,  (Al, Fe, V, Cu, Nb, Mo, Sn, 

Pt). 0 limB  (B, C, Al, Si, Ti, V, Cr, 

Mn, Fe, Co, Ni .) [1 . 285-260, 2 . 285, 3].  Zr  Hf -

0 limB

.
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0 limB -

.

0 limB -

-

, . . -

 [1, 4-6].  

 ( )

:

T p x q x TS SB SB SB SB MA
* *2 , (1)

T p x q x TL LB LB LB LB MA
* *2 , (2)

 x*
SB, x*

LB - , . %; pSB,

qSB, pLB, qLB - .

 (1)  (2)  – S = TS  – L = TL, -

:

T p x q xS SB SB SB SB
* *2 , (3) 

T p x q xL LB LB LB LB
* *2 . (4) 

0 -

 x*
SB/x*

LB,    T = TL = T MA.  (3)  (4) 

:

k
p x q

p x q
B

LB LB LB

SB SB SB

0

*

*
. (5) 

0 limB

0  ( *
L,S B)  0.  (5)        

( *
L,S B)  0:  

k
q

q
B

LB

SB
0lim

. (6) 

,

0 limB  Zr  Hf -

,

. , -

. -

. –

.

.

,  (  x*
LB) 0 limB.

0 limB -

,  – . -

T  = f (lg x*L,B)

, :

lg lg lglim
* *k x xB SB LB0 . (7) 

 (7) -

0 limB.
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0 limB .

-

 [7 .1 . 110-703, .2 . 874-914, .3 . 411-672] : S(i), xSB(i)  TL(j), xLB(j); i, 

j = 1, 2, 3 …. 

 Zr, 

Hf – B  (6) 0 limB  – .

 Zr  Hf . ,

 Zr, Hf 0 limB ,

, , . -

 Zr – Hf [7 .2 . 923] , 

, 0

 [1]:  

0  = exp[ H . ( B – TMA) / R . TMA
. TMB], (8) 

 – , H  – ,          

R – .

: 2,10

Zr

Hfk .82,00

Hf

Zrk -

: Zr = 2125 K, H Zr = 23,0 · -1,                 

Hf  = 2495 K, H Hf  = 21,77 · -1, R = 8,31 · -1· -1 [1].   

.                

Zr, Hf – B  k0 limB 

 pSB qSB pLB qLB 0 limB

Zr – Cr 3,9586 - 101,2225 - 0,1172 - 16,4299 0,16 

Zr – Ag - 2,3822 - 80,4422 0,4379 - 53,4391 0,66 

Zr – B - 0,0878 - 18,8300 - 0,0592 - 3,2073 0,17 

Zr – Ge - 51,6459 - 524,1336 - 0,5779 - 29,9242 0,06 

Zr – Be - 0,3050 - 32,7129 - 0,3205 - 18,2500 0,55 

Zr – Th 5,6695 - 54,0352 - 0,1259 - 10,4266 0,19 

Zr – Ni - 41,3201 -158,9187 0,3953 - 46,1247 0,26 

Zr – Co -138,3829 - 91,3122 - 0,7256 - 9,1872 0,1 

Zr – Sb 3,5312 - 71,5902 - 0,9650 - 8,0960 0,12 

Zr – Bi 0,9168 - 51,0357 - 0,1873 - 17,8367 0,35 

Zr – Si -351,2328 - 42,4122 - 0,0966 - 26,8139 0,63 

Zr – Ti - 0,0205 - 4,4895 - 0,0440 - 1,1935 0,27 

Zr – Mn - 3,4509 - 56,7022 - 0,3765 - 18,8390 0,33 

Hf – Au - 1,6235 - 68,9545 - 0,2126 - 16,0279 0,23 

Hf – Cu - 7,9823 -113,6168 - 0,1846 - 28,3098 0,25 

Hf – Os 0,8046 - 68,0924 0,2791 - 41,4923 0,61 

Hf – Re 0,9505 - 28,4502 - 0,1727 - 10,6340 0,37 

Hf – Ru 1,2555 - 61,7604 - 0,0943 - 16,8802 0,27 

Hf – Ge -271,9821 -101,8796 - 2,7905 -21,0319 0,2 

Hf – Be - 21,5795 - 51,3608 - 0,2226 - 16,0413 0,3 

Hf – Th - 4,4577 - 26,1268 - 0,1092 - 5,7390 0,22 
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. 1, 2  Zr – Bi, Zr - Cr, 

Hf – Os, Hf – Au.  

. 1.  Zr – Bi, Zr – Cr 
0 lim

Z r

B ik ,
0 lim

Z r

C rk ,

: ,  –  Zr – Bi, Zr – Cr ; ,  –  Zr – Bi, Zr – Cr 

. 2.  Hf – Os, Hf – Au 
0 lim

H f

O sk , 0 lim

H f

A uk , -

: ,  –  Hf – Os, Hf – Au ; ,  –  Hf – Os, Hf – 

Au

85
ñåð³ÿ ô³çè÷íà «ßäðà, ÷àñòèíêè, ïîëÿ», âèï. 4 /32/ Ðàñ÷åò ïðåäåëüíûõ êîýôôèöèåíòîâ ðàñïðåäåëåíèÿ...



:

0  = f ( T, x*
LB) , . . 0 limB -

. . 2 . , -

0

0lim 0,23
Hf

Auk .  Zr – Bi, Zr - Cr, Hf – Os 

, . . 1,2 -

0 0 , 6
Z r

B ik ,
0 0, 27
Zr

Crk , 0 0, 66
Hf

Osk , -

0lim 0, 35
Zr

Bik , 0lim 0,16
Zr

Crk , 0lim 0,61
Hf

Osk . , -

 Bi  Cr  Zr 

2 , ,  Os  Hf  < 10 %. 

 ( . 1 , . 2 , ) ,

0 limB T < 10 K *  < 0,1 . %, 

. . .

,

0 limB. 0 limB, -

 L  S  (7), . 1 , . 2 , .

0 limB

 Zr  Hf 

. 0 limB, . -

.  ( , * , . %) 0 limB -

.
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CALCULATION OF THE LIMITING DISTRIBUTION COEFFICIENTS OF ADMIXTURES IN 

ZIRCONIUM AND HAFNIUM  

V.M. Azhazha, G.P. Kovtun, A.P. Shcherban’, O.A. Datzenko, D.A. Solopikhin 

National Science Center “Kharkov Institute of Physics and Technology” 

 Academicheskaya st.1, Kharkov, 61108, Ukraine 

In the present work the results of accounts the limiting distribution coefficients 0 limB of separate impurities in zirconium and haf-

nium are presented. The calculations are carried out using the method mathematical analysis of liquidus and solidus curves of dia-

gram states and graphical method of extrapolation these curves at zero concentration. It is shown coincidence of values 0 limB deter-

mined by these settlement methods. The received data on values the limiting distribution coefficients of researched impurities in Zr 

and Hf are expanded a circle of the systems which represent interest for estimation the efficiency of purification these metals by crys-

tallization methods. It has been determined the temperature and concentration parameters achievement of limiting values 0 limB con-

sidered impurities in these metals.  

KEY WORDS: zirconium, hafnium, distribution coefficients, directional crystallization, diagram states, admixtures, solvency, puri-

fication. 
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