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5 - 6-53 7 7b DEXEIIMTNATION OF OXYGEN IN LIQUID~ALKACI METALS 

By MERCURY AMALGAMATION METHOD 

by David E. Kuivinen d i 3 5  9' z T h v j  9 P 
Lewis Research Center, NASA, Cleve 4 and, Ohio &aE+J'749- INTRODUCTION: 

, 
C e  R. F, Smith i n  h i s  t r e a t i s e  "The Determination of Oxygen i n  Sodium - A 
Critical Review of Analytical Methods,1t i s  quoted saying, '!There i s  much 
confl ic t ing evidence as t o  t h e  significance of Nap0 i n  l i qu id  sodium cor- 
rosion, bu t  u n t i l  t he  problem i s  resolved the  potent ia l  hazard should not 
be ignoredeft !'Definitive studies of these problems have been hampered by 
t h e  contradictory data provided from di f fe ren t  laborator iesoff  This lack of 
agreement continues today among laboratories . 
Lewis researchers have been investigating a f e w  of t he  known methods such as 
(1) Plugging Meter Method (Mechanical), (2) Pepkouitz - Judd Method, 
( 3 )  Butyl Bromide Method, and (h)  Gattering-Vacuum Fusion Method, 
pose of t h i s  report  i s  not t o  add t o  t he  confusion but  t o  discuss the ana- 
l y t i c a l  techniques developed by the  author using the  Pepkonitz-Judd Method 
under i n e r t  atmosphere within a vacuum dry-box, 

The pur- 

A t  Lewis, t h e  service chemist i s  responsible f o r  t he  determination of t h e  
oxygen content of the  a l k a l i  metal and i t a  metal impurities, therefore, an 
exis t ing technique developed by Pra t t  & Whitney Aircraf t ' s  Canel Materials 
Laboratory Analytical Section was used, although research chemists a t  Lewis 
a r e  evaluating other proceduresa The P r a t t  & Whitney technique was al tered 
t o  meet Lewis  technical problems. The problems involved include the han- 
dling of 

The low eutect ic  NaK (78% K and 22% Na) cesium and rubidium are  l iqu id  or 
very near l iqu id  a t  room temperature, therefore, special  handling techniques 
were developed f o r  t h i s  purpose. 

low eutect ic  NaK, cesium and rubidium., 

This w i l l  be discussed la te ra  

EXPERIMENTAL 

PRINCIPAL: 

(1) When sodium, potassium or  NaK a r e  amalgamated with mercury under an 
i n e r t  gas atmosphere, t h e i r  oxides being insoluble i n  t h e  mercury, separate 
from t h e  amalgam and r i se  t o  t h e  surface. 
of Hg serve t o  i s o l a t e  t he  a lka l i  metal oxides from the  a l k a l i  metal. They 
are dissolved i n  water and acid and t i t r a t ed .  

Repeated separations and additions 

SCOPE 2 

This procedure may be used f o r  the determination of o 
i n  t h e  range of 5 ppm t o  1%. 

/' 
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APPARATUS s 

I n e r t  atmosphere dry box 
250 ml Pyrex separatory funnels with Teflon Stopcocks 
Glass stoppered bot t les ,  beakers 

REPGENTS P 

Sulfuric acid, 0,s N - prepare and standardize 
Sulfuric acid, 0,002 N - prepare by d i lu t ing  8 m l  of 0.5 NH2SO4 t o  two 

l i t e r s  - standardize 
Sodium hydroxide 0,SN - prepare and standardize 
Mercury, t r f p l e  d i s t i l l e d  

PROCEDURE 2 

(1) Evaeuate the  glove box t o  a pressure of about 25 microns and f i l l  the  
Pressurize the  box t o  about 1 psig box with dry oxygen - free argon, 

and check the  oxygen content i n  t h e  box using a t race  oxygen analyzer, 
The atmosphere should contain l e s s  than 1 ppm owgen. 
purge t h e  system u n t i l  t he  proper oxygen content has been establishedo 

( 2 )  Add approdmately 20 ml.  of mercury t o  a 250 m l ,  pyrex separatory fun- 
nel,  
Shake for  about 3 minutes, hold f o r  30 seconds and draw off a l l  bu t  
3 m l ,  of the  amalgam i n t o  a marked bo t t l e ,  

Evacuate and 

To t h i s  add 0.5 t o  1 gram sample of t he  a l k a l i  metal sample, 

(3) Repeat additions and separations of the mercury 6 times. 

(4) I n  the l a s t  extraction pour a small portion i n t o  a separate beaker t o  
check t h e  completeness o f  the  extraction, 
e i n  t o  t he  beaker outside the  box,) 

(Add water and phenolphthal- 

( 5 )  Remove a l l  t h e  material  from the dqy boxo 

(6) Dissolve t h e  oxide from t h e  mercury - oxide ex t rac t  i n  about 50 m l ,  of 
d i s t i l l e d  water and t i t r a t e  with d i l u t e  acid t o  a pH of 7 using a titri- 
meter , 

( 7 )  React t h e  a l k a l i  metal mercury amalgam with 80 m l .  of O,SN H2SO4. 

(8) T i t r a t e  t h e  acid extract ,  using the bromcresol purple as an indicator  

If 
bromcresol purple added t o  t h e  solution turns  blue, add additional acid. 

o r  a t i t r imeter  t o  a pH of 7 with 0,sN NaOH, 
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I CALCULATIONS x 
I 

(1) Sample Weight; 

W = (NAVA - NBVB) meq. uto 

where 

W = Smple weight, g 

NA = Normality of t he  0,SN H2SO4 used t o  extract  a l k a l i  metal - 
from t h e  amalgam 

vp = Volume of 0,SN H2SO4 used, m l ,  

NB = Normality of 0 , s ~  NaOH 

VB = Volume of O,sN NaOH used t o  t i t r a t e  excess 0,SN H2SO4 

meqo wt, = rnflllequivalent weight of t he  a l k a l i  metal 

- 
- 

- - 

(2) Results: 

ppmo = N ~ V ~  x meq, w t ,  o x 106 
W 

where, Na = Normality of 0,002 N H$O4 used t o  t i t r a t e  t h e  oxides - - 
Va = volume of d i lu te  Has04 used 

meq, uto 0 = O.OO8 

RESULTS 2 

Table #I shows a comparison between plugging meter temperatures, using the  
MSA s o l u b i l i t y  cupyes f o r  olSygen i n  ~ o d i ~ m ,  and t h e  amalgamation procedure. 
The ana ly t ica l  r e s u l t s  compared favorably with the  plugging runs with a f e w  
noted exaeptions, Sample PS-1 with 8 ppm 0 did not compare t o  the  plugging 
run of 40 gpm indicated by t h e  MSA curveo 
iz ing  t h e  loop, but  t h e  diffusion of oxygen was not noted i n  t h e  sample, 
PS-2 contained a loose connection and a i r  leaked in to  the sample. 
sodium c i rcu la ted  t h e  loop, uniformity between samples and plugging data 
correlated closely,  With PS-5, the  loop had a power failure, therefore, 
a plugging run was not determfned, 

Contaminated argon was pressur- 

As t h e  
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T U L E  11. 

OXYGEN PPM OXYGEN, PPM 
BY VACUUM ARGON ATMOS, OXYGEN, PPM 

SAMPLE AMALGAMATION AMALGAMATION I N  ARGON DATE 

POTASSIUM 90 PPm 176 ppm 0,s ppm 5-29-63 

180 005 PPm 6-7-63 - 

Table I1 shows a comparfson between the dry box amalgamation method and a 
vacuum amalgamation method on a potassium sample, 
these samples may be argued f rom both s ides ,  
involves the  extrusion of the sample from the container i n t o  an evacuated 
chamber. The amalgamation then tekes place under a pressure of lO%nn Hg 
vacuumo It can be argued t h a t  by extrusion the  precipi ta ted oxide remains 
on the  container walls and, therefore, the extrusion sample may not be re-  
presentative , 

The disagreement between 
The vacuum amalgamation method 

Also, t h e  question a r i s e s  ffhow good a vacuum is  good enoughPfl 

100 ppm oxygen from outgassing of component materials. 
t h a t  an 02 content i n  excess of 100 ppm be present i n  the  vacuum amalgamation 
chamber, 
checked by a quant i ta t ive mass spectrometer. 

With an 02 content of l e s s  than 1 ppm i n  the  argon cover gas, potassium 
samples were determined a week apart  and good oxide precision was noted, 

I n  mass spec- 

It could be posstble 
trometry a pressure of 10 -6 mm Hg may indicate  a background concentration of 

Therefore, the  t r u e  02 content of the evacuated chamber should be 

DISCUSSION: 

It is the  au tho r f s  opinion t h a t  t he  amalgamation method using an i n e r t  gas 
atmosphere is the  most r e l i ab le  of the known methods of  oxygen analysis i n  
l i qu id  metals, 
sizes, shapes and materials can be handled eas i ly ,  Other methods require 
spec i f i c  sample containers of uniform length, s ize ,  shape and material ,  
The method lends i tself  applicable t o  the  f l u i d  samples such as NaK, cesium 
and rubidium without much adjustment of the  ex is t ing  equipment. 

Its v e r s a t i l i t y  is  displayed when samples of varying lengths, 

. 

RECOMMENDATIONS : 

The o r ig ina l  PepkoKitz-Judd amalgamation method employed the use of an in-  
dicator  whose pH color change occurred a t  a pH of 8 (phenolphthalein). 
T i t r a t ing  t o  a pH of 7 with a t i t r ime te r  overcomes the uncertainty associ- 
a ted  with a color  change, The outside walls of the  s ta in less  s t e e l  sample 
tubes were careful ly  vapor degreased with a su i tab le  solvent, wiped with 
acid, r insed  with d i s t i l l e d  water and dr ied with acetone, 
t he  s q f a c e  oxides which may contaminate t h e  sample, 

This removed a l l  
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TuGing cu t t e r s  and a l l  glassware should a l so  be cleaned thoroughly before 
use, Glassware is cleaned with chromic acid, r insed with d i s t i l l e d  water 
and dried i n  an oven a t  PlOOC. 
lock of the dpy box a t  1s microns f o r  1s minutes before use, 
chloride dry box gloves were in s t a l l ed  t o  replace the neoprene rubber gloves,, 
Sfnce under vacuum conditions t h e  rubber gloves outgassed su l fur  which re- 
acted with any mercury i n  the  dry box forming a black mercury su l f ide ,  
change of gloves f a c i l i t a t e d  f a s t e r  pump-down times as well, Teflon stop- 
cocks were used on the pyrex separatory funnels t o  eliminate contamination 
from stopcock greases as precis ion was non-existant when greased stopcocks 
were used, 

The warm hardware i s  outgassed i n  the  air- 
Polyvinyl 

This 

Careful monitoring of t h e  oxygen content i n  t h e  argon cover gas w i l l  f a c i l -  
i t a t e  the oxide analysis t o  a great  extent, 
controlled t o  a high degree of purity,  analyses are  worthless, 

When the  atmosphere i s  not 

I APPENDIX I s  

The freezing technique f o r  t h e  determination of oxygen i n  NaK, cesium and 
rub idfwn , 

PRINCIPAL 2 

The various methods f o r  determining 
been well investigated although w i t h  l i t t l e  agreement between methods, 
Special  handling techniques had t o  be developed t o  analyze NaK,  cesium and 
rubidium f o r  t h e i r  oxygen contents, There a re  but a few sca t te red  reports  
of work done on these metals a l l  without much success, 

oxygen i n  sodium and potassium have 

It has been hoped t h a t  the  basic  mercury amalgamation procedure could be 
used f o r  these metals as  well, Some analysts s t a t e  t h a t  the  suboxides of 
cesium and rubidium appear t o  be soluble in the mercury as indicated by 
unusually l o w  oxide r e su l t s ,  
l i shed,  
method f o r  the  low eutect ic  NaK have given some very promising r e s u l t s 0  

No data supporting t h i s  theory has been pub- 
Preliminary s tudies  a t  t h i s  laboratory using the  freezing point 

The chemical a c t i v i t y  of NaK is  reduced by freezing the NaK i n t o  a s o l i d  
and proceeding with the mercury amalgamation, A spec ia l  re f r igera t ion  p l a t e  
of s t a i n l e s s  s t e e l  was placed i n  the dry box with a plexiglass box surround- 
ing t h e  re f r igera tor  f o r  insulat ion,  Acetone, cooled external ly  with a d r y  
ice-acetone mixture, i s  used as t he  ci rculat ing refr igerant ,  
i n  t h e  re f r igera tor  un i t  were eas i ly  maintained a t  -s(OOC Kith the  eff luent  a t  
-85OC. These temperatures are suf f ic ien t ly  cold enough t o  f reeze NaK, CS and 
Rb 

The temperatures 
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PROCEDURE 8 

(1) Evacuate the dry box t o  25 microns Hg and backf i l l  the  box with high 
pur i ty  d r y  argon, 
oxygen content i n  the box. 
1 ppm 02. 
been established, 

Pressurize the box t o  about 1 psig and check t h e  
The atmosphere should contain less than 

hracuate and purge the system u n t i l  t h i s  oxygen content has 

(2) S t a r t  the re f r igera tor  pump and cool the un i t  t o  l e s s  than -30°c, 

(3) Place the N a K  (or CS or  Rb) sample i n t o  the  re f r igera tor  un i t  t o  freeze 
(This should take le38 than 1s minutes,) t h e  sample, 

(4) Carefully cu t  a section of the  frozen sample tube and place p l a s t i c  
caps over t he  exposed ends of the tubes, 
1 inch away from the  f i r s t  cut  and t r ans fe r  the sample t o  the  amalgam- 
at ion chamber re taining the  p l a s t i c  cap, 
sample tube, 

Then cu t  another section about 

Cap the remaining exposed 

( 5 )  Proceed with the  amalgamation and analysis as  outlined f o r  sodium, 

RESULTS 4 

Sample Oxygen, PPm 0 Ave, ppm 0 
~ ~~~~ 

N a K  i n  pyrex g lass  38 
25 
21 

28 

The frozen sample of N a K  is safely and conveniently handled i n  t h i s  manner 
with l i t t l e  or  no loss of sample. 

A f a i r  order of precision was noted which indicates  the r e l i a b i l i t y  of t h i s  
freezing technique, 
and taken p ipe t t e  fashion. 

The NaK was sampled i n  evacuated pyrex g lass  tubing 

RECOMMENDATIONS : 

Tubing c u t t e r s  were mounted on the  plexiglass inside the r e f r ige ra to r  t o  cut 
samples contained i n  s t a in l e s s  s tee l .  
while cu t t ing  t h e  sample, 

The sample therefore, can be kept cold 

A splash t r ay  should be included i n  the harduare t o  catch any a l k a l i  metal 
sp i l lage ,  Polyethylene, ra ther  than aluminum f o i l ,  is sa fe r  t o  dispose of 
and handle as  NaK will react with aluminum. 



- 7 -  

ACKNOWLEDGEMENTS: 

C. Winzig, NASA, L a d s  Research Center - Liquid Metal Project lhgineer 

J, Slough, NASA, Lewis Research Center - Service Chemist 

M, Buettner, NASA, Lewis Research Center - Service Chemist 

LITERATURE CITED: 

(1) C. R. F, Smith, The Determination of Oxygen in Sodium - A C r i t i c a l  
Review of Analytical Methods, United States  Atomic Energy Commission, 
Dfvision of Technical Information Report Number NAA-SR-MENO-2O6lO 

Cane1 Materials Laboratory Manual Analytical Section (2 )  

"Determination of chcygen i n  Sodium, NaK and Potassium", P r a t t  & 
Whitney Aircraft ,  Chem-0-Vol-1, July, 1961 



Q F  

Ps- 1 1020 375 140 8 

PS-2 1200 (240 23 IO2 

P5-3 1450 5 t ’22 0 20 

2 80 30 PS-4 39 

680 33 250 125 PS-5 

630 26 240 5s- I 23 

I200 SS-2 t 20 

ss-3 35 



. 
L 

. - r  
c 

: j ;  
I 


