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COMPATIBILITY OF PUMP LUBRICANTS WITH ALKALI METALS 
AND MOLTEN FLUORIDE SALTS 

G.  Goldberg, A. S. Meyer, Jr., J. C .  White 

ABSTRACT 

This report  includes a descr ipt ion of an apparatus and a de ta i led  
procedure f o r  t e s t i n g  the compatibil i ty of pump lubricants  with 
a l k a l i  metals and molten f luor ide  salts. Results are given for 
t he  react ion between ce r t a in  pump lubricants  a t  200' F and molten 
sodium m e t a l  and molten f luor ide  salts a t  1100~ F. 
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COMPATIBILITY OF F'UMl? LuBRICANlS 
AND MOLTEN FLUORIDE 

G . Goldberg, A. S . Meyer, 

This report  includes a description of 

molten a l k a l i  metals and f l u o r i d e < s a l t s  t o  

WITK ALKALI METALS 
SALTS 

Jr., J. C .  White 

an apparatus f o r  the addi t ion of 

pump lubricants .  The molten 

metal, or salt, can be heated t o  temperatures as  high as 1400' Fj  the 

lubricant  can be heated t o  400' F. 

tu re  of the alkali metal, or  the f luoride salt, on addition t o  the lubricant,  

since the space traversed before the addi t ive comes i n  c0ntac.t with the 

l i qu id  is  l e s s  than s i x  inches. Additions may be made i n  an i n e r t  atmosphere 

when necessary, since provision i s  made t o  evacuate the apparatus completely. 

The l i qu id  under t e s t  can be changed i n  a matter of minutes without cooling 

the molten metal or  f luoride salt .  Once the apparatus is  assembled €he 

flange-plate is  removed only t o  replace the metal or salt  i n  the melt pot .  

L i t t l e  decrease occurs i n  the tempera- 

Apparatus 

The apparatus i s  shown schematically i n  Figures 1 through 5 .  Figures 1 

and 5 show the a-pparatus completely assembled with the flange-plate assembly 

connected t o  the react ion vessel.  

the vessel  is  effected by means of a neoprene gasket. 

is  a l s o  &ed t o  provide a vacuum connection between the cup and the react ion 

vess'el. Standard, glass  pipe, flange f i t t i n g s  a r e  used f o r  both connections. 

The vacuum seal bekweea the plate  and 

A neoprene gasket 

The melt pot and the pot furnace a re  supported within the react ion 

vessel  on the platform shown i n  Figure 4. 

'are welded t o  the underside of the flange p la te .  

The s t e e l  platform support-rods 

The alignment of the m e l t  

pot is  determined when the overflow tube is  inser ted in to  the notched section 
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of the platform; thus a f r e e  movement of the plunger is  assured. See 

Figure 3 f o r  d e t a i l s .  

Figure 2 shows the  r e l a t i v e  posi t ions of the  various f i t t i n g s  t h a t  make 

up the  flange-plate assembly. 

connecting the  pot furnace t o  a Variac control ler . through a vacuum-tight 

seal. 

Swagelok f i t t i n g s  a r e  welded t o  the  flange-plate.  

The spark plug connectors a f fo rd  a means of 

Bellows-sealed needle valves a r e  used throughout the  assembly. 

Since oxygen must be excluded from the  reac t ion  vesse l  when the  melt 

pot contains a l k a l i  metals, the  Wilson seal’ i s  idea l ly  s u i t e d  f o r  providing 

an opening i n t o  the  reac t ion  vessel through which the  overflow plunger can 

be actuated. A series of gaskets within the  s e a l  provide a vacuum-tight 
1 

contact w i t h  the  drive shaft connected t o  the plunger. The gear dr ive can 

be any type of assembly t h a t  w i l l  control ,  t o  f r ac t ions  of an inch, t he  

lowering of the  plunger i n t o  the melt pot .  The water-cooled copper c o i l  i s  

used mainly t o  cool the  Wilson sea l .  

To pro tec t  the  operator from any unforeseen ruptures of t he  apparatus, 

a plexiglass  s a fe ty  sh i e ld  i s  used. T h i s  sh i e ld  i s  a 30-inch sec t ion  of 

8-inch diameter plexiglass  pipe.  

pipe.  The base of the pipe is  notched t o  permit the passage of the heat ing 

The flange plate rests on the  top of the  

mantle extension. To pro tec t  the  g lass  reac t ion  vessel  from excessive heat,  

a i r  a t  20 t o  30 p s i  pressure i s  permitted t o  flow through the  notch. This 

cold a i r  passes around and up the outside of the  reac t ion  vessel .  The upper 

surface of the pipe i s  a l s o  notched t o  provide an o u t l e t  f o r  the  heated a i r .  

. 
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Pro c e dur e 

To assemble the apparatus, f irst  pass the  drive sha f t  of the  overflow 

plunger down through the  Wilson seal ;  then connect the sha f t  t o  the  plunger. 

Withdraw the  sha f t  u n t i l  the  plunger rests against  the flange p l a t e .  Posit ion 

the  m e l t  pot i n  the pot furnace and s l i p  the pot and furnace i n t o  place on 

the  support platform. (The m e l t  pot  thermocouple i s  automatically posit ioned 

s ince it i s  never removed a f t e r  it has been locked i n  place.  ) Rotate the 

sha f t  t o  a l ign  the  plunger s o  it can be lowered t o  the bottom of the  pot; 

then connect the  gear t rack  t o  the  plunger drive shaf t .  

furnace leads t o  the  spark plugs t o  complete the  assembly of the  f lange-p la te .  

components. 

Connect the pot 

When loading the m e l t  pot with a fused f luor ide  salt, it is preferable  

t o  use the  pulverized form of the sal t .  

t he  overflow tube through the  space between the plunger and the w a l l  of the  

pot .  The pot can be f i l l e d  i n  the  same manner with coarse pieces of the 

fused salt,  but  the  working volume of the  melt w i l l  be considerably l e s s  than 

the volume of the pulverized salt  melt. 

F i l l  the  pot almost t o  the  top of 

When loading the melt pot with alkali metals, ce r t a in  precautions must 

be taken due t o  the  rap id  oxidation of the alkali  metals when exposed t o  air .  

Where feas ib le ,  charge the melt pot under an i n e r t  atmosphere i n  a dry box 

where the  connection of the  f lange p l a t e  t o  the  reac t ion  vessel  can be made 

a l so .  If t h i s  operation i s  not possible, arrange a helium, or argon, gas 

del ivery l i n e  so t h a t  a stream of the  gas i s  directed i n t o  the  melt pot 

during the  f i l l i n g  operation. The most convenient way t o  f i l l  t he  m e l t  pot 
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with l i q u i d  alkali metal i s  by means of a valved t r ans fe r  l i n e  from a pot,  

pressurized with an  i n e r t  atmosphere, i n  which the l i q u i d  metal is  s tored .  

When the melt pot i s  charged, f l u sh  the reac t ion  vesse1,to which the o i l  

cup has been connected, with a stream of i n e r t  gas, and rap id ly  connect 

the f lange-plate  assembly t o  the react ion vessel .  

When the  apparatus has been assembled, connect the Variac leads t o  the 

spark plugs, and the vacuum and helium l i n e s  t o  the helium i n l e t  and vacuum 

valves. Adjust the regulator  of the helium cylinder t o  1 t o  2 ps i ;  then 

open the helium i n l e t  valve. 

the f l u i d  t o  be t e s t ed ,  Reconnect the  cup t o  the reac t ion  vessel;  then 

close the helium i n l e t  valve. Open the valve that  i s  connected t o  the  

vacuum l i n e  and evacuate the apparatus t o  l e s s  than 100 microns pressure.  

Close the vacuum l i n e  valve; open the helium i n l e t  valve; then p a r t i a l l y  

Disconnect the cup and f i l l  it with 100 m l  of 

open the  helium o u t l e t  valve t o  maintain a slow flow of helium through the  

apparatus.  Adjust the Variac t o  r a i s e  the temperature of the mater ia l  i n  

the melt pot t o  the desired temperature. Raise the temperature of the  f l u i d  

t o  the  desired temperature by placing a heat ing mantle i n  contact with the 

cup. Begin the flow of water through the copper cooling c o i l  while the melt 

pot  i s  being heated. When the desired temperatures a re  reached, slowly 

lower the plunger i n t o  the melt po t .  

the  pot and cause the melt t o  pass through the overflow tube and drop i n t o  

The p’lunger w i l l  d isplace the  melt i n  

the lubr icant .  Follow the react ion between the molten mater ia l  and the f l u i d  

under t e s t  v i sua l ly  and by any temperature changes t h a t  a r e  recorded by the 

thermocouple immersed i n  the f l u i d .  , I  
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When the cup has cooled sufficiently so that it may be handled, the 

cup can be removed and be replaced by a clean cup containing another sample. 

The testing procedure can then be repeated until the melt pot is emptied. 

Test Results 

Five lubricants at a temperature of 200' F were tested for their 

compatibility with molten sodium and a molten fluoride salt at a temperature 

of llOOo F . These five lubricants were Dowtherm-A, Cellulube-150, Spin-60, 
Crest-34, and OS-45. The only reaction that was observed to take place was 

a rather vigorous reaction between the Cellulube-150 and the molten sodium. 

No reaction was evident between the Cellulube-130 and the fluoride salt. 

No visible reactions occurred between each of the other four lubricants and 

either the sodium or the fluoride salt. 
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Figure 5.  Apparatus for Testing Compatibility of Lubricating Fluids with Molten 
Alkali Metals and Fluoride Salts. 


