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It is shown that the condensation coeff icients  for  alkal i  meta l s  can differ apprec iab ly  f rom 
unity if impur i t i e s  a r e  p re sen t .  

The condensat ion coefficient  f defines the propor t ion  of incident vapor  molecules  that will actual ly 
condense on the surface:  this is  governed by the act ivat ion energy  at the v a p o r - c o n d e n s a t e  in te r face  {Fig. 
1) [1]. 

We d e r i v e ' f  as  the probabi l i ty  of p a s s a g e  of a molecule  through a potential  b a r r i e r  of height ~ via 
s ta t i s t ica l  mechanics  [2], which gives 

f ~ e x p  ( - -  h@- ) . (1) 

This  f tends t o d e t e r m i n e  the condensation ra te ;  it is i t se l f  de te rmined  by the sur face  s tate  of the con- 
densate  and the in te rac t ion  of the condensing molecu les  with the sur face .  

It is  often difficult to calculate  f because  we lack evidence on the sur face  s t ruc tu re  and the nature 
of the in teract ion.  

The f for water  is v e r y  dependent on sur face  p roper t i e s ;  water  is highly polar ,  and the molecules  
a r e  or iented at the su r face .  Nonequil ibrium s ta tes  can a r i s e  during orientation; the sur face  tension in-  
c r e a s e s  and so does f [1]. It has been found repea ted ly  that surfactant  f i lms  r e t a r d  the evapora t ion  of wa-  
ter ;  they reduce  the sur face  tension pe rhaps  to 28 dyne / em [8] and reduce  f by 10-60%. Some adsorpt ion 
l a y e r s  ( e .g . ,  a monolayer  of a 0.01% of hexanol) may  inc rea se  the evapora t ion  ra te ,  however .  

Liquid alkal i  me ta l s  belong to the c lass  of s imple  liquids; the molecules  a r e  nonpolar and sphe r i ca l -  
ly s y m m e t r i c a l ,  and one does not expect any specia l  sur face  p r o p e r t i e s .  However,  the meta l s  r eac t  
v igorous ly  with oxygen and at tack their  containers ,  taking up other e l ements  to f o r m  al loys . Alkali meta ls  
a l so  often contain impur i t ies ;  for example,  Na usual ly  contains K, etc .  These  impur i t i e s  affect  the sur face  
s t ruc tu re  and energy .  
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Fig.  1. Phys ica l  model  for the determinat ion of the 
condensation coefficient: a) act ivat ion energy  at e = 0; 
b) act ivat ion energy  at e ;~ 0; I) condensate;  II) vapor .  
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Fig. 2. Condensation coefficient of sodium 
containing 0.034 wt. % oxygen as a function of 
p r e s s u r e  (mm Hg). 
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Fig. 3. Comparison of experimental  data and 
the resu l t s  of calculations: 1-5)K;  6-9) Na; 
10, 11)Rb; 1) [8]; 2, 8) [10]; 3) [111; 4) [12]; 
5) [13]; 6) [14]; 7) [18]; 9) [151; 10) [161; 11) 
[17]. 

It has been shown [5] that the surface tension of 
sodium at 260~ can be reduced by about a factor  2 by 
0.034 wt. % oxygen, while 50% potass ium in sodium 
(at 250~ reduces  the surface tension by a factor  of 
1.5 or so. The surface tension may be expected to 
influence f. 

The mechanical state of any inhomogeneous sys- 
tem is defined by specifying the pressure tensor P for 
each point in the system. For a planar layer of finite 
thickness 7, the mechanical work of deformation 5W 
is determined by PN, the normal component of the 
pressure tensor, which is constant in this system, and 
by the surface tension r [6]: 

-g 

6P7 = - -  PN6V -}- 6A .!" (PN - -  Pr  ) dz = - -  P N S V  ~ a6A. (2) 
0 

Work o'SA is then done on passing through the surface; 
if a a l ters ,  this work is changed by Act6 A, and we can 
say that the latter is the potential ba r r i e r  at the vapor 
- condensate interface, and f for this case can be ca l -  
culated f rom (1) with 

e = ActS. (3) 

We have S = 5A in (3), this being the area  taken 
up by one molecule on the surface of the condensate, 
which is defined as follows [7]: 

( M ) 2 / 3  
S : ~ - ~ j  . (4) 

We have Act = 0 and f = 1 if the eondensate con- 
tains no impurities,  but f can differ appreciably f rom 
1 if ACt ~ 0. 

Figure 2 shows f for sodium containing 0.034 % 
oxygen, as calculated f rom surface tension data [5]; f 
decreases  as the p ressu re  increases ,  as is usual for 
condensing vapors [8]. 

It is usually found [9] that f does not differ sub- 
stantially f rom unity in condensation tests  at low t em-  
pera tures ,  because the impurity content in the con- 
denser  is much lower than that in the boiler .  

Figure 3 compares  the f reported for p r e s s u r e s  of 10 -2 to 100 bar; the broken line shows f as a func- 
tion of p re s su re  as derived by extrapolating the resul ts  of Fig. 2. The values calculated f rom (1) for 0.034 
wt.% oxygen in the condensate fall in the range of f repor ted  by various workers .  It should be borne in 
mind that this oxygen content is close to the level at which the experiments might be done. 

The compar ison between experiment and theory in Fig. 3 is ve ry  crude, since it is necessa ry  to know 
the impurity content of the metal in the condenser in each par t icular  case .  

The resul ts  f rom (1) and (3), together with tests,  show that f = 1 is to be expected for a pure alkali 
metal, but that f may differ considerably f rom 1 if there a re  impuri t ies .  

To determine f in any par t icular  case it is necessa ry  to know the exact impurity content of the liquid 
metal  in the condenser; in addition, data on the effect of impuri t ies  and tempera ture  on the surface tension 
are  necessa ry .  

N O T A T I O N  

is the coefficient of condensation; 
is the height of the potential ba r r i e r  (activation energy for condensation); 
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k is Boltzmann's constant; 
T is the temperature of the vapor; 
W is the mechanical work of deformation; 
V is the volume; 
A is the area of the surface discontinuity; 
P is the pressure  tensor; 
PN is the normal component of the pressure  tensor; 
PT is the tangential component of the pressure  tensor; 

is the surface tension; 
S is the area occupied by one molecule on the condensate surface; 
M is the molecular weight; 
N is Avogadro's number; 
7 is the specific weight; 
p is the vapor pressure .  
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