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Germanium is one of the numerous materials which still 
can not be prepeared in a glass· state by the existing quen­
ching methods ( ! ) . It has been shawn < 2 > that Ge has to be 
cooled at the rate of at least above 107 K/s , which is the 
upper limit for the splat quenching. Thus , in order to pre­
peare Ge in a glass state one needs to improve the cooling 
rate , which is aproximately given by the following general 
formula for heat conduction : 

Q = (�) !!.g. c  D (1 )  

where , Tm and Ta are the melting and the ambient temperatu­
re respectiYely , c thermal capacity , h heat transport coef­
ficient , g density , and D dimension of the sample in heat 
flow direction. In quenching methods the lowest dimensions 
of samples are arround 5 1um so that the cooling rate limit
is about l0 7K/s .  

I n  this work ( J ) the forced convection a s  a cooling 
method has been used. Actually , l iquid Ge under the pure 
argon atmosphere was dispersed in the cloud of small sphe­
res with diameters ranging from 0 . 0 1 fUID to 5 fUID· The heat
transport coefficient is < 4 > :

h = 1t c2 0+06 ( �D �' >
1/2 

<�>
1/3 c 2 > D "t 1sU 

AJol I I I where , ·av , 't , c and g are constants for an inert -gas , 
v velocity of spheres and 1t, thermal conductivity of Ge. 
Such range of diameters allows the use cooling rates between 
1 01 ° K/s nad 10 4 K/s.  

The samples was carefully examined by  the electron 
microscope , by looking at their structural properties and 
by measuring the diameters. It has been found that Ge 
spheres with diameter of D =' 0 .  3 fWt1 were glassy ,while 
those with D > 0 .  3 f1ID were partially or entirely crysta-
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Hine. 
Thus, Ge has to be cooled at the rate at least 

4Xl0 8K/s in order to prevent crystallization entirely .
The fact that there is the maximum possible diameter of 
glassy Ge spheres and that they are cooled by the minimum 
rate is used for the determination of solid-liquid interfa­
cial tension. 

The framework of hornogenous nucleation theory and 
the Turnbull 's approach ( S ) in examining the formation of
crystal nuclei in a liquid has been used . Turnbull 's ex­
pression for the steady state homogenous nucleation fre­
quency rate, ist 

I =lNRTm Tm ( 16Tr  AHm o< 3 1 ) ( 3 ) 0 31tii
1wtc!Tm) 

exp --3- RTm c! ) 3 (1-! ) 2
l Tm Tm 

where, N , R,M are Avogadro �s number, gas constant and mo­
lecular weight respectively, j(l)temperature depen�ent vis­
cosity, 6'1- molar heat of fusion and ol reduc�d solid-liquid 
interfacial tension . The o< is defined by (Nv

s
l�: .. , where 

� is solid-liquid interfacial tension and V molar volume 
o( a stable nucleus. Also, the Turnbull 's criterion for a 
glass definition has been adopted ; the sample is considered 
as crystalline if a s�able nucleus is formed . This is ex­
pressed by the Vreeswijk 's formula ( 6 ) :

C- . 3 ,r1- M·"\·Oc ) 
Ve Jg Io exp.. R .9  (Tm-T) T dT = l (4 ) 

Tm Qc 

which contains the time transient function to describe the 
fast cooling process, in our case. The Tg is the glass tran­
sition temperature :. Ve and .Qc are critical volume and cooling 
rate respectively. In accordance with (1 ) , ( 2 ) , and (3) and 
under the assumption that viscosity is known within the 
whole temperature range, the integral can be solved by means 
of finding the pairs of values for o( and De . 

The viscosity function was constructed by fitting the 
Fulcher 's relation IY1, = i0 exp{T�To) : with the experimental da­
ta above the melting point ( G) , and with the conventional



Magnitude of viscosity at Tg- 1_(Tg)  =1 0 1 5Poise < 5 > 
� 

The· mea­
surements gave the critical diameter of De= (0 . 3 0-0 . 05) /um.

+ -2 This implies �= (0 . 270-0 . 00 5 )  and Cf�=l67  ergs cm • The result
is 10%  lower than the Turnbull  one- <T1.<:. =1 81 ergs cm -2 <7 > • In
order to give qualitative explanation for this disagreement 
the similarities and differences between the two method are 
briefly discussed below .  The Turnbull 's experiment is done 
under following conditions : the liquid spheres with diameters 
arround 400  

1
um were supercooled at the rate of aproximately

lK/s ; the begining of the crystallization was observed by 
the optical microscope . The o( was calculated under almost 
the same conditions mentioned in this paper . 

In the present case the whole nucleation frequency 
curve has been taken into account ; the probability of hete­
rogenous nucleation events has . been lowered by factor of 

'"" 1 09 in dealing with spheres having diarneters -10 3 times 
lower .  

The result was tested by us ing other existing expe­
rimental data : the unsuccessful attempt to prepeare glas sy 
Ge by the splat cooling method resulted with the lower li-
mit for the cooling rate of at least about 10 K/s . The upper 
limit was established by the lowest possible diameter of Ge 
spheres of 10�. Due to forced convection method of cooling 
the corresponding rate is 10 1 2K/s . 

Using these lirni ts o( can be delimited between O .  2 5 
and 0 . 2 9 . Therefore the resulting o(of 0 . 27 ,  together with 
the corresponding cooling rate of 4Xl08K/s is fairly 
reasonable . 
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