
E F F E C T  OF  GAS ON S U R F A C E  T E N S I O N  OF P O T A S S I U M  

A.  A .  K i r i y a n e n k o  a n d  A .  N.  S o l o v ' e v  

The surface tension of a liquid drop has been studied by many authors,  but the resul ts  of their  
studies differ significantly, Even if we exclude from considerat ion the data of [1], [2], and [3] because of 
ser ious procedural  e r r o r s  and metal contamination, the remaining data of [4-8] and the data of [9], obtained 
by withdrawing a vert ical  plate, differ f rom one another by an amount which exceeds considerably the 
overall  measurement  e r r o r s .  It is true that all the studies other than [4] found s imi lar  values of the 
sur face- tens ion  tempera ture  coefficient. All the measurements  encompassing l a r g e r  or  smal le r  t empera -  
ture ranges were per formed in inert  gas a tmospheres  of different purity and it is possible that this is the 
reason for the d iscrepancies .  

To clarify this question we must  c a r r y  out studies over a quite wide tempera ture  range i n  both a 
gaseous a tmosphere  and in the a tmosphere  of the saturated vapors  themselves .  None of the existing 
methods permi t  car ry ing  out these studies at  t empera tures  up to 1300 ~ K and saturated vapor  p re s su res  
reaching severa l  a tmospheres .  

There is a combined method which permits  measurement  of the surface tension of aggress ive  liquids 
at high p r e s su re s  and high tempera tures  inboth the a tmosphere  of the vapors  themselves  and the a tmosphere  
of an inert  gas.  The resul ts  of a study using this method of the surface tension of cer ta in  liquids are p r e -  
sented in [9] and [10]o 

The studies descr ibed here were made on the experimental  setup shown in Fig~ 1. 

The two fine working capil lar ies  1 with internal diameter  0.09 cm were inser ted into the 0 .2-cm-  
diam. tubes 2. The sleeve 3 with these tubes was placed in the thinwalled cylinder 4. The tubes were joined 
by common chambers  at  the top and bottom. The cylinder 4 communicates  with the third glass capi l lary 8 
through the intermediate separating vessel  9 which serves  for  filling the sys tem with the test  metal .  The 
cylinder with the capil lary is placed in the nickel thermostat ing block 5, heated by a controllable e lectr ic  
heater  with a sys tem of sc reens .  To prevent  p re s su re  loads on the cylinder it is placed under a cooled 
metal hood in which the p r e s s u r e  is held close to the working p res su re  in the cylinder.  The upper chamber  
of the cylinder communicates  with the capil lar ies  4 and the glass tube 8 through a large vessel  13, which 
makes it possible to va ry  the p re s su re  in the sys tem smoothly.  The tempera ture  of the test  section was 
measured  by two p la t inum-p la t inum-rhod ium thermocoupleso The accuracy  of the tempera ture  m e a s u r e -  
ment could be checked by the saturat ion p re s su re ,  which was also measured  in each experiment.  

P r i o r  to beginning the experiments  the entire sys tem was baked to 400 ~ C (and the cylinder with 
capil lar ies  to 700 ~ C) and evacuated to ~ 10 -5 mm Hgo Then the potassium at a tempera ture  of 70 ~ C was 
introduced f rom the sylphon type portioning device 10 into the cylinder with the capil lar ies  through the 
intermediate  vessel  9. For  bet ter  wetting the intermediate  vessel  with the metal was heated for 3-5 h at 
400 ~ C. After heating the metal cooled. The cold metal in the intermediate  vesse l  was covered from the 
r e s e r v o i r  7 through the tube 8 with degassed t r ans fo rmer  oil which served  as the intermediate liquid. 
After  establishing a definite oil level in the glass tube 8, the cylinder 4 with capil lar ies  was heated to a 
specified tempera ture .  In this p rocess  the vapor phase of the test  metal appears  in the upper chamber  of 
the cylinder.  If the gas p r e s s u r e  in the tube 8 becomes somewhat less  than the saturated vapor  p res su re  
in the upper chamber  of the cylinder 4, the metal will be displaced f rom the cylinder by its own vapor 
and the oil level in the glass tube 8 correspondingly begins to r i se  slowly. Upon transi t ion of the metal 
f rom the capi l lar ies  1 into the tubes 2 two discontinuities of the oil level are  observed in the glass tube 

Novosibirsko Translated from Zhurnal Prildadnoi Mekhaniki i Tekhnicheskoi Fiziki,  u  10, No. 5, 
pp. 156-160, September-October ,  1969o Original ar t ic le  submitted June 6, 1969o 

�9 1972 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, 
N. u 10011. All rights reserved. This article cannot be reprbduced for any purpose whatsoever without 
permission of the publisher. A copy of this article is available from the publisher for $15.00. 

838 



I0 ~'- 

'~===~.--=__ 

I! 
1 "~-"< / ,  

}_ l!i:}) 

Fig.  1. Schematic of experimental  setup for measur ing  surface 
tension of potass ium.  

8. By measur ing  the distance between the two discontinuities in the tube 8 we can determine the potassium 
surface tension f rom the formula 

6 
9 ' - -  P" - -  C1h~ - -  C~ 

Here ~ is the surface tension, p' and p" are  the densit ies of the liquid and vapor  phases,  h3 is the 
distance between the discontinuities in the tube 8,and C1 and C2 are instrument  constants,  which depend 
only on the sys tem geometry .  

~The constants Ct and C2 were determined in p re l iminary  tests  using calibrating liquids with known 
surface  tension and density. As the cal ibrat ing liquids we used butyl and ethyl alcohols,  acetone, hexane, 
and carbon te t rachlor ide  of analyt ical ly pure grade.  The value of h3 was determined using a KM--8 
ca thetemeter .  

For  the experiments  we used potass ium with puri ty 99.936%. The potassium was cleaned pr ior  to 
filling the setup by f i l ter ing through a plate made f rom porous s ta inless  steel and then by vacuum 
distil lation. 

Flame photometr ic  analysis  was used to detect the following impuri t ies  in the tes t  metal :  sodium 
0.053%, rubidium 0.0006%, ces ium 0.003%, calcium 0.002%. No change of the chemical composit ion of the 
metal  during the experiments  was observed.  

The f i r s t  se r ies  of tests  was conducted in the following sequence (Fig. 2). The surface  tension of 
the potassium at the boundary with its own vapor  was f i r s t  measured  f rom 600 to 1126 ~ C. Eleven exper i -  
mental points were obtained for both increas ing  and decreas ing  t empera tu res ;  the points on the figure 
a re  numbered in sequential o rde r .  The measurements  were  made only af ter  holding for a long time at a 
constant t empera tu re .  Good reproducibi l i ty  of the experimental  values was observed.  

Then 99.975% pure helium was introduced into the upper chamber  of the cylinder through a valve. 
The potasisurn surface tension at the boundary with the helium was measured  as the tempera ture  was 
reduced f rom 682 to 77 ~ C (points 12-18). In these experiments  no marked influence of the helium on the 
potass ium surface  tension was observed,  although the points began to deviate upward slightly. 

Ten hours a f te r rehea t ing ,  the po tass ium surface  tension at a tempera ture  of 453 ~ C began to increase  
and rose  f rom 76.8 to 80.6 dynes / cm (points 19-23). Thus, only long- t e rm contact of quite pure helium 
led to an increase  of the surface  tension values.  Here the data pract ical ly  coincide with those of [7]. 

The second se r ies  of tests  was conducted using a new batch of potass ium.  Five experimental  points 
were obtained at the boundary with its own vapor  (24-28), which agreed ve ry  well with the data of the f i r s t  
se r i e s  of tests  obtained under the same conditions. This indicates that during the test  t ime there was no 
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Fig. 3. P o t a s s i u m  s u r f a c e  t e n s i o n  v a l u e s  p u b l i s h e d  in v a r i o u s  
s t u d i e s  and those  of the  p r e s e n t  e x p e r i m e n t s :  1) [1]; 2) [4]; 3) 
[5]; 4 [6]; 5) [7]; 7) [8]; 7) [9]; 8) p r e s e n t  s tudy ,  in  va c a uo ;  9) 
p r e s e n t  s tudy ,  in h e l i u m .  

c o n t a m i n a t i o n  of the t e s t  m e t a l  by ac t i ve  i m p u r i t i e s  f r o m  the c o n t a i n e r .  Then ,  j u s t  a s  in  the  f i r s t  s e r i e s  
of t e s t s ,  h e l i u m  (but l e s s  p u r e  - 99.91%) was  a d m i t t e d  a g a i n  a t  a t e m p e r a t u r e  of 717 ~ C. 

A f t e r  an hou r  and a ha l f  the  p o t a s s i u m  s u r f a c e  t e n s i o n  i n c r e a s e d  by  12% (points 29-33) ,  t h e r e a f t e r  
the  va lue  of o- s t a b i l i z e d .  Then  m e a s u r e m e n t s  w e r e  m a d e  of the  p o t a s s i u m  s u r f a c e  t e n s i o n  as  the t e m p e r -  
a t u r e  was  d e c r e a s e d  f r o m  622 to 80 ~ C (points 34-39) .  Good r e p r o d u c i b i l i t y  of the  e x p e r i m e n t a l  da ta  and  
v e r y  s m a l l  s c a t t e r  was  o b s e r v e d .  In e s s e n c e  we ob t a ined  a new c u r v e  which  w a s  e q u i d i s t a n t  f r o m  the  f i r s t  
c u r v e .  The  e x p e r i m e n t s  w e r e  conduc ted  fo r  a long  t i m e  and  al l  the po in t s  con t inued  to fa l l  on th is  c u r v e  
( nea r l y  co inc id ing  wi th  the  da ta  of Bohdansky) .  I t  can  be  a s s u m e d  tha t  the  s u r f a c e  l a y e r  of the m e t a l  was  
a l r e a d y  s a t u r a t e d  wi th  e i t h e r  g a s e s ,  o x i d e s ,  o r  n i t r i d e s .  

To v e r i f y  th i s  a s s u m p t i o n  the u p p e r  l a y e r  of m e t a l  and the gas  w e r e  r e m o v e d  t h rough  the  u p p e r  v a l v e  
a t  a t e m p e r a t u r e  of 78 ~ C. The  e x p e r i m e n t a l  da ta  ob t a ined  a f t e r  th i s  a t  the  b o u n d a r y  wi th  i t s  own v a p o r  
(po in ts  40 and 41) a g r e e d  with  the  p r e v i o u s  v a l u e s  ob t a ined  u n d e r  the  s a m e  c o n d i t i o n s .  Th i s  c o n f i r m e d  the 
a s s u m p t i o n  tha t  the  r e a s o n  f o r  the change  of the  p o t a s s i u m  s u r f a c e  t e n s i o n  was  the g a s .  

The  t h i r d  s e r i e s  of t e s t s  u s e d  a r g o n  (99.85% p u r e ) ,  i n t r o d u c e d  into the v a p o r  p h a s e  of the m e t a l  a t  
a t e m p e r a t u r e  of 700 ~ C. The e x p e r i m e n t a l  po in t s  43-50  w e r e  o b t a i n e d  in the  a r g o n  a t m o s p h e r e ,  wi th  the  
po in t s  47-50  b e i n g  o b t a i n e d  a f t e r  r e h e a t i n g  the m e t a l .  In th i s  e a s e  the s u r f a c e  t e n s i o n  i n c r e a s e  w a s  s t i l l  
g r e a t e r .  The  s t a b i l i z e d  v a l u e s  a g r e e d  wi th  the da ta  ob t a ined  e a r l i e r  by  the  v e r t i c a l  p l a t e w i t h d r a w a l  m e t h o d .  
In t h e s e  e x p e r i m e n t s  the  s u r f a c e  of the  m e t a l  was  in con tac t  wi th  a l a r g e  i n e r t  gas  v o l u m e  fo r  a long t i m e .  
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TABLE 1. Expe r imen ta l  Values  of Po ta s s ium Surface 
Tension e (dynes /cm)  

t ,  ~ a t ,  ~ a 

Firs  series 

503.4 
535.2 
609.0 
644.2 
688.0 
701.3 
737.0 
788.0 
804.8 
853.0 
903.0 
94~.1 
997.2 

67.47 
66.09 
58.99 
57.02 
54.84 
52.57 
49.69 
46.57 
48.15 
41.97 
39.56 
36.34 
34.75 

t028.0 31 97 
1085.0 I 28.71 
1i26.5 I 27.t5 

Second series 
669.0 ] 54.52 
7i7A 51.63 
682.0 54.30 

In helium 
682.1 54.t0 
573.0 62.66 
520.2 67.31 
396.2 77.08 
298.0 85.60 

t, ~  

f80.0 97.06 
78.9 i05.8i 

In helium atmosphere 
a~er reheating 

449.5 80.63 
453~ 79.7O 
708.8 59.28 
622.0 65.69 
495.2 76.22 
418.0 82.33 
304.0 92.40 
i92.2 i02.61 
77.8 i13.28 

We see  f rom these  expe r imen t s  that  the p r e s e n c e  of hel ium and argon above the su r f ace  of the 
po t a s s ium me l t  caused  an i n c r e a s e  of the meta l  sur face  tension.  This  i n c r e a s e  depends on the degree  of 
pur i ty  of the gases  used.  We a lso  see  f rom F ig .  2 that  the impur i t i e s  p r e s e n t  in the ine r t  gases ,  while 
a l t e r i n g  the absolute  value  of or, have v e r y  l i t t l e  effect  on the magnitude of the t e m p e r a t u r e  coeff ic ient  
da /d t .  We can a lso  conclude that  the t ime  in the cour se  of which the meta l  is in contact  with the gas is 
s igni f icant .  The re fo re  i t  is  quite pos s ib l e  that  expe r imen t s  using the method of the max ima l  p r e s s u r e  in 
the gas bubble y ie ld  good r e s u l t s  because  of the s h o r t  contact  t ime .  

It is  diff icul t  to say  at  the p r e s e n t  t ime  jus t  what the r e a s o n  is f o r t h e  su r face  tension i n c r e a s e .  To 
this end future expe r imen t s  must  be made with d i f ferent ,  p r e c i s e l y  con t ro l led  addi t ions of such gases  as  
oxygen, n i t rogen,  CO2, and so on. It is  pos s ib l e  that  oxygen is the cause  (it was p r e s e n t  to the l a r g e s t  
degree ) .  

In 1955 Addison [11] s tudied the influence of oxides  onthe  sur face  tension of sodium.  In his t es t s  he 
found that  for  smal l  magni tudes  of the oxide contaminat ion  some reduct ion  of the su r face  tens ion  was 
obse rved ,  while with i n c r e a s e  of the amount  of oxides  the value  of ~ i nc rea sed .  Addison expla ined this 
phenomenon by the fac t  that  for  smal l  amounts  of the oxides  (below the so lub i l i ty  l i m i t  for  the given t e m -  
pe ra tu r e )  the su r face  tens ion  mus t  d e c r e a s e ,  s ince  the oxide solut ion has a lower  value of the su r face  
tens ion .  With i n c r e a s e  of the amount  of oxides  the l a t t e r  p r e c i p i t a t e  f rom the solut ion and may fo rm a quite 
r i g i d  f i lm.  The obse rved  value of (r mus t  i n c r e a s e .  We can a s s u m e  that  the obse rved  i n c r e a s e  of the 
po t a s s ium su r f ace  tens ion in our t e s t s  was a l so  caused  by the p r e s e n c e  of oxides and hydr ides  in the 
su r f ace  l a y e r  of the mel t .  The r e s u l t s  of mass  s p e c t r o m e t r i c  ana lys i s  of 99.975% pure  hel ium can se rve  
as  conf i rmat ion  of this  a s sumpt ion .  The ana lys i s  de tec ted  the following i m p u r i t i e s  in the helium', oxygen 
0.01%, hydrogen 0.01~ n i t rogen 0.002%, CO2 0.002%. InAdd i son ' s  e x p e r i m e n t s w i t h  sodium this amount 
of oxygen caused  an i n c r e a s e  of the su r face  tens ion .  Thus, we can a s s u m e  that  the expe r imen ta l  data 
obtained in the a t m o s p h e r e  of the m e t a l s '  own s a t u r a t e d  vapo r s  a r e  the mos t  r e l i a b l e  data .  

The r e s u l t s  of the d e s c r i b e d  e x p e r i m e n t s  a g r e e  to within expe r imen ta l  e r r o r  with the data of G e r m e r  
[8], points 6, who conducted expe r imen t s  under  v e r y  pure  condi t ions .  The data of Tay lo r  [4], points 2, as 
has been noted r epea t ed ly  in the l i t e r a t u r e ,  a r e  appa ren t ly  in e r r o r  (with r e s p e c t  to the t e m p e r a t u r e  
coeff icient) ,  and we can a s s u m e  that  the data of  Bohdansky [7], points  5, a r e  somewhat  high because  of the 
p r e s e n c e  of gas .  We have shown above that  such high values  can be obtained by us ing  gas which is not 
suff ic ient ly  pu re .  The data of [9], points 7, l ie  s t i l l  h igher ,  and here  the p r ob l e m  may  be with both the gas 
and the p r e s e n c e  of sodium, whose content in the t e s t  po t a s s ium reached  3%. 

The table  shows the exper imen ta l  data o fa l l the  s e r i e s  of t e s t s .  The expe r imen ta l  points  obtained in 
the s a tu r a t ed  vapor  a tmosphe re  can be d e s c r i b e d  in the f i r s t  approx imat ion  by the l i n e a r  equation 

a~- 76.8--0.0703 ( t -  400 ~ dynes/cm 

which is  va l id  f rom 400 to 1120 ~ C. The mean square  devia t ions  f rom this equation amount to 1.8%. Upon 
carefu l  examina t ion  of the p a t t e r n  of the expe r imen ta l  points we can note that  they a r e  d e s c r i b e d  more  
a c c u r a t e l y  by a concave curve .  
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