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P O T A S S I U M  

A vibra t ion  v i s c o m e t e r  has  been used to examine the v i scos i ty  of ces ium (pure and technical  grades)  
up to 200~ and the ef fec ts  of oxygen on the v i scos i ty .  Dissolved  oxygen r a i s e s  the v i scos i ty  cons iderably ,  
and the osci l la t ion ampli tude of the plate in the me l t  d e c r e a s e s  cons iderab ly  n e a r  the f reez ing  point because  
oxides a re  deposi ted on the su r face .  The v i scos i ty  has been m e a s u r e d  f rom 400~ to the f reez ing  point and 
for  po ta s s ium f r o m  250~ to the f reez ing  point.  These  me ta l s  show no anomaly in the t e m p e r a t u r e  depend-  
ence of the v i scos i ty  when they have been pur i f ied by vacuum dis t i l la t ion.  

This  anomaly  and the h y s t e r e s i s  n e a r  the f reez ing  point would indicate s t ruc tu ra l  changes  in the liquid 
and the so -ca l l ed  p rec rys t a l l i z a t i on  and a f t e r -me l t i ng .  

Not much is known about the v i scos i t i e s  of liquid me ta l s  nea r  the i r  f r eez ing  points t * .  

The above v ibra t ion  method is automat ic  and cont inuous-reading,  so it is  well  adapted to use  n e a r  t * ,  
even as c lose  as 0.001~ See [3-6] on the theory  of the method,  the m e a s u r i n g  c i rcu i t s ,  and the methods  
of m e a s u r e m e n t .  

Ces ium.  Not much  has  been published [1, 2] on the v i scos i ty  of ces ium;  the r e su l t s  agree  well,  but 
only a few points have  been r eco rded  n e a r  t * .  

We used  me ta l  containing not l e s s  than 99.996~c Cs ,  <0.0018% K, <0.0003~ Na, < 0.003% Ca, and 
<0.0012% Rb. 

Gaseous impur i t i e s  were  r e m o v e d  by dist i l lat ion at 10 -5 m m  Hg. The m e a s u r e m e n t s  were  done in 
99.97% hel ium at 1.2 a tm.  The v i s c o m e t e r  was ca l ib ra t ed  in hel ium at the s ame  p r e s s u r e .  

F igure  l a  shows ~? (e entipoise) f r o m  180~ to t*, where  point 1 r e p r e s e n t s  Cs alone, 2 r e p r e s e n t s  
Cs + 0.4% 02, and 3 r e p r e s e n t s  Cs + 1.5% O 2 (all f igures  by weight). 

T e m p e r a t u r e s  below 100~ were  provided by a liquid t he rmos ta t ,  while those above 100~ were  p r o -  
vided by a r e s i s t a n c e  furnace .  Var ious  conditions of m e a s u r e m e n t  were  used: 1) at s t a t ionary  points;  23 
with slow cooling o r  heating (up to 0 .05~ 33 with fas t  cooling or  heating (up to 10~ All s e r i e s  
were  in a g r e e m e n t .  The re la t ive  s tandard  deviat ion f r o m  the smoothed curve  was �9 0.5%, and the e r r o r  of 
m e a s u r e m e n t  fo r  the v i scos i ty  was e s t ima ted  as • 1%. The values  ag reed  with published ones (points 4 [1] 
and 5 [213 within the e r r o r  of expe r imen t .  The smoothed I? (centipose) for  the following re la t ion  to T (~ 

In  ~ = - -  2 .322 -~- 584/T 

The v i scos i ty  was ca lcula ted  v ia  Bas in ' s  [8] data  on the densi ty .  

We examined  ~7 with spec ia l  c a r e  nea r  t * .  The appara tus  allowed m e a s u r e m e n t s  to be made by s teps  
of0 .01~ The l a s t  m e a s u r e m e n t  was made  d i rec t ly  before  solidification,  which was detected f rom the 
plate ceas ing  to v ib ra te ;  the t e m p e r a t u r e  of that m e a s u r e m e n t  differed f rom t* by not m o r e  than 0.01~ 

F igu re  2 shows the v ibra t ion  ampli tude as a function of T;  the upper  points 1 and 2 are  for  pure  c e s i -  
um,  with points 1 for  cooling and points 2 for  heating.  The re la t ionship  shows no anomal ies ,  so the re  is no 
anomaly  in ~? down to t * .  
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We also examined qualitatively the effects of oxygen introduced above the metal .  The completion of 
solution in the metal was deduced f rom the fall in the p res su re  to the initial level. 

Dissolved oxygen ra i ses  ~? (Fig. la) and reduces  t* .  The above three oxygen contents cor respond to 
t* of 27.8, 22.9, and 14.5~ while the corresponding ~7 at 35~ were 0.63, 0.66, and 0.82 cP .  

The dissolved oxygen reduced the vibration amplitude as t* was approached. The lower points in 
Fig. 2 are for  Cs + 1.5% O2, with points 1 for slow cooling, points 2 for slow heating, and points 3 for s ta -  
t ionary values during cooling. The effect is due to deposition of oxides on the plate, as was c lear  f rom use 
of a crucible with a viewing port .  The vibration amplitude A as a function of tempera ture  t was deduced 
f rom stat ionary points, with a halt of 15-20 rain at each point (steps of 0.1~ The amplitude fell steadily 
to zero  f rom the value control led by 77, which would indicate that the proport ion of solid in the melt  varied 
f rom zero  to unity. Then the knee on the A(t) curve indicates the liquldus t, while A = 0 represen ts  t* .  

The knee on A(t) during heating lies at a t higher than that for  cooling (hysteresis) ,  which might be 
due to differences between the deposition and dissolution processes  or  to concentrat ion supercooling on the 
cooling branch.  There  were no singulari t ies on the data curve for liquid cesium (cooling from 40 to 15~ 
over  1.5 h), mainly because the impuri ty  content was low and very  little heat is evolved when the solid is 
deposited. 

Similar  resul ts  were obtained with technical cesium (grade RgTU 117-59, not less  than 98%7 purified 
by vacuum distillation. The main initial impuri t ies  were <0.5% K, <0.1% Ca, <0.05% Na, and <1% Rb, 
while the purified mater ia l  had <0.013% K, <0.018% Na, and <0.12% Rb. The ~ for the purified mater ia l  
agreed to ~-1.5% with those for the high-puri ty mater ia l  and with the published data at all t (Fig. lb). 

We measured  ~/ for  purified technical metal twice (on two samples) .  In nei ther  case was there any 
anomaly in V (t) down to t* .  

Addition of 1.5 wt.% oxygen increased  ~? by about 30%, and the effects near  t* were as for the pure 
metal .  
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Sodium. The published resul ts  for  this metal  are  bet ter  than those for  the other alkali metals ,  and 
the values f rom various sources  agree well [9-11], but there  are  only a l imited number  of points up to 5-  
10~ above t* .  

We made measurements  between400~ andt* on mater ia l  containing not l ess  than 99.974% Na, the 
main impuri t ies  being <0.013% K, <0.002% Rb, <0.0064% Cs, and <0.005% Ca (all f igures by weight). Gase-  
ous impuri t ies  were removed by distil lation at 10 -5 mm Hg. Measurements  were made: I) at s ta t ionary 
points; 27 with slow cooling and heating (5-10~ 3) with fast  cooling and heating (up to 500~ All 
the se r ies  agreed within the spread  of the points.  About 40 measurements  were made at s ta t ionary points, 
and the e r r o r  of exper iment  was es t imated as 4-1.5~c. The values (centipoise) are  descr ibed (for T in ~ by 

In~ = -- 2.470 + 77i/T 

The resul ts  agree well with published values,  especial ly  those recommended  in [9]. 

The region near  t* was examined with special care ;  a slight supercooling was observed,  The c r y s t a l -  
l ization t empera tu re  was 97.7~ while the melting point was 98.5~ as determined f rom the plate v ibra -  
t ions.  There  were no anomalies in ~7 (t) down to the crys ta l l iza t ion point. 

Technical sodium (not f reed from gaseous impuri t ies  by vacuum distillation) showed an anomaly in 
A(t), which was s imi la r  to that examined in detail for rubidium [6] and ces ium;  it was due to deposition of 
oxides and other impuri t ies  on the plate. 

Po tass ium.  There are  many studies on the v iscos i ty  of potassium [1, 7, i0 ,  11], but there are  10-15~ 
differences between the values up to 500~ We used technical potassium (pure grade, 98.5~), whose main 
impuri ty  was sodium. Impuri t ies  were removed by distil lation at 10 -5 mm Fig. The following were the 
main metal l ic  impuri t ies  in the purified metal :  <0.057~ Na, <0.006v/c Rb, <0.003% Cs, and <0.006~ Ca (not 
tess  than 99.93% K). The tempera ture  conditions were as for  sodium. The points had a spread of ~0.8%, 
and all the ser ies  recorded  under different conditions agreed within that spread.  

The points 3 in Fig. 3 show ~ (t) for  the distilled potassium, which at 150-250~ lie 1.5-2.5~c above 
the values recommended  by Fomin [1] (points 2 in Fig. 3) but which agree with Solov 'ev ' s  resul ts  [10] 
(points 1). Our resul ts  for  the low- tempera ture  range lie 3-5% above Fomin ' s  values and somewhat above 
Solov 'ev ' s .  We es t imated the e r r o r  of measurement  as • 1.5%. The following equation descr ibes  V (centi- 
poise) as a function of T (~ 

in 1] = -- 2.455 + 636/T 

No anomaly in V (t) near  the crys ta l l iza t ion point was observed for the purified potass ium.  Technical  
(unpurified) mater ia l  gave an anomaly in A(t), as for  rubidium [6], cesium, and sodium, which was due to 
deposition of impuri t ies  on the plate. 
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