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ABSTRACT 

The s o l u b i l i t i e s  o f  uranium, thorium, gadolinium, samarium, and 
neodymiim i n  mercury were determined from room temperature t o  356% 
Equations of the  form l o g  of  so lub i l i t y  ( w t  %) = a -I- b/T were developed 
for. these m e t a l s ,  I n t eg ra l  heats of  solution were calculated for each. 

The s o l u b i l i t i e s  of ruthenium, palladium, zirconium, and molybdenum 
i n  mercury i n  tile presence of' excess uranium were a l so  determined; however, 
the Low so lub i l i t y  of zirconium and molybdenum gave solut ions with a con- 
centrat ion below the limit of detect ion i n  the  ana ly t i ca l  method used, 
and therefore  t h e i r  values are reported as an upper so lub i l i t y  l i m i t .  

Uranium s o l u b i l i t y  i n  a 0,l w t  $J magnesium a m a l g a m  w a s  approximately 
1.2-1.5 times grea te r  than i n  mercury alone. 
tiere present i n  the  same mercury solution, t h e i r  s o l u b i l i t i e s  were 
mutually depressed . 

When uranium and thorium 
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1 , O  IN'I'RODUCTI ON 

'The purpose of t h i s  invest igat ion was ,to determine the s o l u b i l i t i e s  
i n  mercury of several  metals, including uranium and thorium and some 
of .tine major f i s s i o n  products contained i n  i r r ad ia t ed  uranium. A 
knowledge of these values i s  necessary i n  order t o  evaluate the  
f e a s i b i l i t y  of' the Berrnex process as a method of f u e l  pocess ing .  

In  the Remex process, i r r ad ia t ed  uranium and a l loys  containing 
,\ 9O$ uranium are decontaminated from f i s s ion  products by extract ion 
with mercury, recrys ta l l iza t ion ,  and d i s t i l l a t i o n ,  It has been pro- 
posed f o r -  metallic f u e l  proces!;ing21 and ea r ly  evaluation s tudies ,  
including a preliminary flo\+rsheet, have been reported. Studies on 
the use of mercury i n  the  processing of plutonium-rich fuels are also 
being performed a t  the  Los Almos Sc i5n t i f i c  bboratomy.3 

Data on the so lub i l i t y  o f  elements i n  mercury, with emphasis on 
ac t in ide ,  f i s s ion  product, and s t ruc tu ra l  metals, i s  meager o r  com- 
pletely lacking. Information obtainable i s  usual ly  a t  one or  two 
temperat res o over a very small temperature range, usual ly  below 
100°C.3-8913-15 Frequently, r e s u l t s  reported by two d i f f e ren t  
inves t iga tors  on the  solubi l iby of the  same metal a t  the same tempera- 
t u r e  differ  by as much as a fac tor  of lo3 or greater .  
or  all of th i s  disagreement i s  due t o  one or  more of the d i f f i c u l t i e s  
encountered i n  mercury s o l u b i l i t y  determinations discussed below, 

No doubt some 

Ma,ny unusual d i f f i c u l t i e s  arc encountered i n  the determination o f  
ihe s o l u b i l i t i e s  o f  metals i n  mercury. One of 'che most common i s  the 
extreme r e a c t i v i t y  of amalgams t o  air or water, including pyrophoricity. 
Low values may be obtained on approaching sa tura t ion  from below because 
o f  the slow a t t ack  of mercu-ry on umiet-ted surfaces a t  lower temperatures. 
On the other hand, high values may result; on approaching sa tura t ion  from 
above because 01 -the tendency of amalgams tu form nearly co l lo ida l  d i s -  
persions on cooling 9 

Is t h i s  study the s o l u b i l i t i e s  i n  mercury o f  Yne ac t in ide  metals 
uranium and thorium and. the  rare ea r th  representat ives  gadolinium, 
saraarium, and neodymium were deterniined from 25 t o  356Oc. 
s o l u b i l l t i e s  of several  o f  the  more noble metals, ruthenium, palladium, 
molybdenum, and zirconium,in mercury saturated w i t h  uranium were a l s o  
determined. Solubi l i ty  dete.rminations should also be made on other 
important f i s s ion  product metals not included i n  this report .  

The 

The authors are indebted t o  G .  R. Wil.son, G. W. Leddicotte, and 
P, P'. Thornason and s ta . f f s  of t'ne ORNL Analytical  Chemistry Division 
and to 11. R. Guinn and staff of the  Special  Testing Laboratory for 
analyses perfo-med. Acknowledgment i s  a l s o  made t o  E ,  R.  Johns who 
perfomed much o f  the laboratory work. 
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Table 2.1 Solubi l i ty  of Uranium i n  Mercury 

Re c i  pro c a l  Temperature, Temperature, Solubi l i ty ,  wt Q 
oc 103/% Observed Calculated:- 

1.18 1.19 
1-19 1.24 
0.41.8 

0.0932 

1.59 3 56 
1.59 
1.91 0.454 3 56 

1.91 
2 50 
2 50 
150 2.37 0,0930 

0.419 0 418 

100 
50 
50 
4.0 
70 

c- . u w  

2.39 0.0819 0.0873 

2 .Og 
0.0873 

145 14 5 2.39 0.0831~ 
205 205 2.09 0.238 
300 300 1.74 0.725 

0.230 0.240 
0.240 

0.729 

1.74 0.730 0 t 729 

From equation log  of uranium s o l u b i l i t y  (wt 4) = 2,33213 - ilc18.81/~. a 

Table 2.2 Solubi l i ty  of Thori.um i n  Mercury 

I 

Reciprocal 
Temperature, So lub i l i t y ,  wt % Temperature, 103/O~ Observed Calculateda 

OC 

3 56 
280 
220 2.03 

2,31 160 

0.0295 0.0290 
0.0204 0.0203 
0.0143 0.0151 

0.00921 
0.00313 

1.59 
1.81 

60 3.00 
o ,00898 
o.00300 

).LO 3.19 0,00211 0,00222 

300 1.74 0.0235 0.0226 

120 2.51 0.00675 0.00661 
200 2.11 0.0120 0 0124 

- 
From equation log  of thoriun s o l u b i l i t y  ( w t  4) = -0.426493 - 698.472/T. a 
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experimental e r r o r ,  
of uranium or 57 g of %horium i n  200 IIA of mercury. A t  the  conclusion 
o f  a run the dissolver w a s  disassembLed and the  residue inspected, 
and considerable m e t a l  quasi amalgam resiaue was present i n  both cases, 
The metals had been campletely converted t o  their  respect ive mercurides, 
The mercury-bright solut ion I n  the case of wrarr iwn indicated t h a t  no 
oxidation had occurred during the course of the experiment, 
s l i g h t e s t  t r a c e  OS oxida-t;fon was e-v-5den-t fo r  %harim. 

I n i t i a l  solut ions were prc-pared by bo i l ing  50 g 

Only the 

I n  a 0,l wL % magnesivlm amalgam, uranium solubility increased 
from 0,0056 WZ. $ a t  20QC t o  1,41 w t  
8,n increase over the  solub$li%y of umniurn in mercury of about 50% 
a t  room temperature and about 20% at  3 5 4 Q ~ .  
t a ined  56 g of uranium, 2.7 g of n=gnesium,and 200 ml of mercury, 

at 356OC (Table 2 , 3 ) .  This is 

The indtial mixture con- 

Reciprocal Observed 
Temperature, Temperature, Solubi l i ty ,  

wt; $l l o 3 / O ~  - OC 

20 
75 

22 5 
275 
325 
3 55 

1.59 
1.59 
I, 74 
1,84 
2.23 
2 * y. 

3.41 0 .5 as56 
2.87 0.  a260 
2,QZ. 0,400 
1,822 0,654 
1 A g  1. D 09 
1- 59 1.39 

2,2 

pressed by the presence of the other  i n  the same mercury solution (Table 2,4, 
Fig. 2 , 2 ) ,  
uranium coacentration was essentialPd the same as i t s  so lubi l i ty  in mercury 
alone at 3 5 6 0 ~  (1.20 w t  $) while a t  50% it was Lower by a fac to r  of 4 
(0,00215 w t  $1. 
a fac tor  of 2 Emm i t s  s o l u b i l i t y  i n  ~ G X U Y ~  alone over the e n t i r e  temperature 

SolnbiZity of Uranium and Tlaorlm i n  %he Same &&YxI~~ Solution 
‘The solu’bili-i;y of uranium and thorium were found t o  be mutually de- 

I n  a, so lu t ion  sa tura ted  w i t h  both tiranfun and thorium rnercurides,the 

Thortm concentratian i n  %he s&m solut ion was lowered by 
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range 5 0 - 3 5 6 O C .  
uranium and 22 Q of +,horiun in 200 nll of mercury, 
of bot;h metals were preseat a t  a l l  times. 
averages of dupl icate  samples, 

The initial mixture m.s prepared by boi l ing  51 Q of 
Excess mercurides 

Results as reported are the 

Table 2,4 SoLubility of Uranizun and Thorium i n  a 
Mutually $Saturated Mercury Solution 

P 

Reciprocal a 
Temperature, Temperatwe, CII SobAxility, w t  $ 

QC 1 0 3 p ~  Uraniwn Thorium 
300 1,74 0 770 0 0 0118 
200 %*bl 0,155 0 * 00658 

150 2.37 0 6 0475 O.OQ413 
2 50 1,91 0 4.17 0 * 0 0 ~ 6 0  

100 2.68 0 Ob24 0.00244 

Thorium solubility ia a solut ion containing a U/'J3 r a t i o  equivalent 

The y w n t i t y  of uranium present  vas 
to 4500 g of uranium per metric ton of thor[im w a s  e s s e n t i a l l y  as observed 
i n  Yae complete absence of' uranixtn. 
far below i t s  s o l u b i l i t y  i n  mercury or i n  thorium-saturated mercury 
Its concentratiojn was therefore expected t o  remain canstant a t  0,0085 w t  '$ 
over the en t i re  temperature range investFgated, 
concentration idas observed. t o  decrease from 1,gL x 10-3 to 8,8 x 10-2 w t  % 
with a temperature decrease from 356 t o  50OC (Te;hle 2 , 5 ,  Fig ,  2.3), 
unexpected result and t he  decreased ~olubility of uranium and thorium i n  
the mutually sa tura ted  so lu t ion  i s  thought t o  be due to coprecipi ta t ion 
of the mercurides, which i s  eons2dejrabl-y pronowiced in %he case of a metal 
present i n  law concentration, 
0 - 2 3  Q of: uranium, and 200 m l  of" mercury, 

Actually, the  uraniym 

This 

The or ig ina l  system contained 5.1. g of thorium, 

Two experiments were performed i n  which a mercury extzact ion of uranium 
f r o m  thorium was attempted, 
the other  from an. a l loy  conkin ing  kS00 g of urmium per metric ton of 
-tnorium, 
(Table 2 * 6 ) ,  
uranium per metric t na  of thorium was boi led i n  200 r n l  o f  mercury, 
solution was SLl'ccred, cooled to 5O0C,aud filterecl. again to remove the  
raercurides * 
corresponding t o  a uranium coxxectralian factor of 50% 
ment., exbraction of a 50-g sample o f  an alloy containing 4500 Q of uranium 
per metric ton of thorium gave a mercuride product i n  which the uranium/thoriun 

One ext rac t ion  w a s  from a mixture of the metals9 

Uranium concentration factors were about 50 and 6 ,  respez'rzively 
I n  the first ex t rac t ion  experbent ,  a 53-g rnix-ture of 4500 Q of 

The hot 

"he ura,nim/thoriu.rn r a t i o  i n  the rnercuri.de product was 0,22, 
I n  the second experi-  
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Table 2.5 Solubi l i ty  of a Uranium-Thorium Mixture i n  Mercury 

U-Th: 50 g of mixture, 4500 g of uranium per metric ton of 
thorium 

Hg: 200 m l  

Reciprocal A a Temperature , Temperature, Solubi l i ty  , w t  $ 
oc l03/% Uranium Thorium 

353 
200 

50 
125 
275 

1.60 0.001g1 0.0278 
2#11 0.000616 0.00922 

1.82 0 "00122 0 * 0191 

3*09 0.000088 0,00214 
2.51 0,000240 0.0057lt 

a Average value from duplicate  samples. 

r a t i o  was 0.027, a fac to r  of G increase over t he  o r ig ina l  r a t i o .  
and t h o r i  tn concentrations i n  the mercury f i l t r a t e s  were approximately 
1 .3  x 10-x and 2.8 x 10-3 w t  T / o ,  respect ively,  i n  agreement with the 
solubi . l i ty  study of the 4500 Q uranium per metric ton thorium mixture 
reported above (Fig. 2 , 3 ) ,  

Uranium 

Table 2.6 Extraction of Uranium from Thorium 

Samples containing 4500 g o f  uranium per ton of thorium extracted by 
200 m l  of mercury 

u con- 
cent rat ion 

Concentration i n  Mercury after 
F i l t r a t i o n  a t  >O°C, w t  $ 

Sample Product" Factor Uranium Thorium b 
U/Th Ratio 

Mixture 0. OOltlt 0*22 50 1.3 x 10-I" 2.8 10-3 
(53 g) 
Alloy  0.0044 0,027 6 1 . 5  2.8 10-3 
(50 d 

~ .- .. 

"!.iicture was completely dis integrated,  a l loy  only about GO$. 

U/Th r a t i o  i n  product. 
U/Th r a t i o  i n  sample ' 

b~ranium concentration f ac to r  = 
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Although the quant i ty  of mrccaji-y used in %he ext rac t ion  experiments 
vas s u f f i c i e n t  t o  dissolve ma$. 1 g of the thoriumI the mixture was  cam- 
p l e t e l y  d is in tegra ted  and the  a l loy 60$ &Lsintegra.ted by the ac t ion  of 
the bailing mercury, 
gra t ion  of the alloy, 
times the  mount  requlred $0 dissolve aZk the uranium. It was thought 
t h a t  t h e  process would be om of progressive disso lu t ion  of t h e  snetals 
and c r y s t a l l i z a t i o n  o f  tk~oszbun a f t e r  satmatLon had been reached, 
f i l t r a t i o n  o f  the  hot so1at;ion t o  remove s@Ud phases, about 80% of the  
uranium was held by the exems thor im mercuride crystals, 
the a f f i n i t y  of tboriuu for  ~u1*~ni1131~, s e p m t i o n s  by dissoLution i n  mercury 
are thought t o  be impmetical .  

In su f f i c i en t  time m s  U Q w e d  f o r  complete d i s i n t e -  
T ~ E  volume of thor im-sa tura ted  so lu t ion  w a s  100 

On 

Because of 

2 ,3  Solubili%y of Rare E a s a  Metals i n  b rcm 

were se lec ted  f o r  solubiJA%y de'r;erminatfes bemuse of their  hi@ f i s s i o n  
yield and t h e i r  significantly high t h e m 1  neutron cRpture cross sec t ion ,  18 
I n  additioil, beeartss o f  %he varying degree of @m>Le%eness i n  the  4 f  subshel l ,  
each metal represents  a s~xb*f;(~chss Id th in  the mse earth s e r i e s ,  

Three rare earth sre~~esesrstatives-~aaol$niwn, camari-wn, and neodymium- 

Appl ica t im of %he nre.thod of l e a s t  sqmres  Lo the  observed s o l u b i l i t y  
i3ak  (T~Colt-s 2,7-2,9) e v e  the following equations, tagether  w i t h  t h e i r  
re :;pe c tive s Lanr;ts,rd errors sf fi.% : 

The s o l u b i l i t i e s  af t21e three rtae earth. m ~ t a L s  i n  mercury corrected ac- 
cording t o  these eqtnatiowns " c f s b q y  Tram 0,008gg to 0.785 w t  $ for gadolinium 
(Table 2,9, Fig, 2.41, 0,0133, t o  0,585 w t  $I for saxuariim (Table 2,8,  Fig. 2,4), 
and 0,00898 t o  0,632 w-b $I f o r  neodymiaxlm. (Table  2,9, Pig, 2 .4)  between the  
temperatures 4.0 and, 3 5 6 0 ~ ~  
mole of gadolinium, 4,74 kea1 p r  mole sf sa,ma.rilun,aDd 5-36 kea1 per mole 
of neodymium. 

Calculated heats  a f  solut ion are 5.59 kca l  per 

The solubility of p;adoLinimn w a s  determined f r ~ m  the r e s u l t s  of a 
s ing le  mnn i n  which i n i t i a l u  18 g was boiled in 100 IXI. of mercury, 
samarium the data of two m s  using 3;0,9 8 and 20,Q g of samarium i n  75 ml. 
anid 100 ml of mercury, respectively, were used, 
the  neo&piwn s o l u b i l i t y  determination, In the first 13.6 g of neodymium 
and 75 m l  o f  mercury were I n i t i a l l y  present while 20.7 g o f  neodymium and 
LOO ml. of mercury were used i n  the  second,, 

For 

Two runs were a l s o  used i n  

The removal of sm@es from the  f l a s k  used xp most of the reac t ion  
volume; hovever, sme raxe earth quasi amalga and mercury always remained, 
Inves t iga t ion  OT the  residue always shotred sbigktt t o  moderate oxidation of 
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Table 2.7 Solubi l i ty  of GadcAinium i n  - W ~ c a z  

Recigrocal 
Temperature, Temperature, Solubility, w t  % 

*C Z O ~ / Y C  Observed Calculateda 
335- 345 J, 6 4 - ~  62 0.760 0 691 
280-290 ~ 8 1 - E .  78 0.4.19 0 it47 
210-220 2 * 07-2 (r 03 0,215 0,216 
145-150 2*39-2* 37 0 " 0948 Q .0862 

130-135 2*48-2,45 0.0635 0.0669 

90-95 2 e 75-2 * 72 0,0296 0 0309 

205-210 2.09-2 07 0.212 0,198 
280-285 ~81-1.79 0,443 0,435 

356 1- 59 0 "785 
40 3*19 "'0" 0 YI ooags 

2 
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Table 2.9 - Solubilitx o f  Neodymium in Me- 1, cury 

2 
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Table 2-10 Solubility of Rutheniw in Merc’wy: 
Sa tmted  with Uranium 

Temperature, Temperature, SoZubilitiy, Is+, 9 x 103 2 *c Ru U 

96-105 2 71-2 e 64 2,26 34 
158-173 2.9-2.24 2995 3.22 
259-273 1,884 , 83 7.4-5 540 
32 3-339 1.68-1.63 1043 1030 

Reciprocal 
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2*1 x wt $ t,o 2.L: x lo-' w t  $ (Table 2.11, Fie ,  2.5). Dean'' re-  
ported ruthenium. s o l u b i l i t y  i n  mercur t o  be of the order of 10-7 wt $ 
while  Leary3 reported a value of <lo-$ w t  $ o v e ~  the  temperature range 
2> t o  356OC.  
of Che inraniurn by fac tors  of 10 
on palladium indica tes  a room temperatmre s o l u b i l i t y  of 6 x 10-3 w t  % j T  
ind ica t ing  t h a t  palladium s o l u b i l i t y  i s  decreased by the presence of 
uranium 

'Thus, rutheniun! s l u b i l i t y  i s  increased by the presence 8 t o  16, The only information ava i lab le  

The coacentrations of zirconium and molybdenum i n  the solut ions 
submitted for analysis  were belov the limit of de tec t ion  by neutron 
ac t iva t ion ,  The upper s o l u b i l i t y  l i r n i  L reported here i s  calcula  Led 
f rom t he  neutron ac t iva t ion  detect ion l i m i t .  For zirconium, t'ne upper 
s o l u b i l i t y  l i m i t  a t  50°C i s d 8  x 10-5 wt $ while a t  356Oc the limit i s  
/3 .5  x Tlne corresponding l i m i t s  for  molybdenum are 4 1 .2  x 10-5 

6 
w t  $ a t  50°C and4-5.4 x 10-5 wt (16 a t  356Oc (Table 2 * l l ,  Fig* 2 . 5 ) -  Leary3 
reports a mercury s o l u b i l i t y  o€ 7 x 10-4 w t  $ €or zirconium a n d 4  7.5 x 10- 
w t  $ for molybdenum. 
solubi l iLy for raolybdenum of 4 2  x 10-5 w t  $. 
agreement with t h i s  study 

w t  $, 

I rving and Russellg reported a room temperature 
All values are i n  general  

Iiuthenium s o l u b i l i t y  i n  uranium-saturated mercury was determined i n  
a so lu t ion  prepared by bo i l ing  48 g of a 2% ruthenium-98$ uranium a l l o y  
i n  200 anl, of mercury. It was a l s o  determilied i n  a solut ion p r e p r e d  by 
bo i l ing  100 g of a r($ fissium-93$ uranium a l l o y  i n  200 m l  o f  mercury. 
boYk cases the ruthenium s o l u b i l i t y  m s  the  same within experimental e r r o r .  
Tne so l inb i l l t i es  of palladium, zirconium, and molybdenum were determined 
by ana lys i s  of sam.ples taken from the so lu t ion  i n  which the ffssium a l l o y  
vas dissolved. Composition of the fissium a l l o y  furnished by Rrgonne 
National Labora'co~y was 0,3O$ cerium 
0,26$ pal lad . ium,  0 36$ zirconium, O,lc'i'$ rhodium, and the remainder uranium, 
The presence of the above metals did not a f f e c t  the s o l u b i l i t y  of t he  
uraniim . 

In 

3.359 molybdenum 2 e 50% ruthenium, 

3.1 EAuuipment 
A l l -  equipment ( F i g e  3.1) used i n  t h i s  study was of s t a i n l e s s  s t e e l  

construction, 
a c 5 v e ~  and.. provided with a s teel  O-ring sea l .  'The cover hac1 a l/O-in. 
l i n e  fo r  a n  argon i n l e t ,  a 1/2-ia,  water-cooled exhaust l i n e  which a l s o  
served as n mercury r e f lux  condenser, a thermowell, and a 1/2-in. l i n e  w i t h  
a gabe valve f o r  mater ia ls  addi t ion  and sampling, The t o p  of the gate valve 
'v:as f i t t ed  with a compression seal t o  prevent inleakage of a i r  during 
sampling 

A 3-in.  -dia  by 8- in .  -deep flanged d isso lver  was f i t t e d  w i t h  

For sampling:, two 3/8-in.-o.d. t r ans fe r  tubes were used, each of 
s u f f i c i e n t  length t o  extend from the disso lver  bottom, through the i n l e t  
gate valve, and t o  a sample co l l ec to r ,  The ins ide  diameter of one tube 
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0 
T v a s  l/8 in. and was used f o r  temperatures of 200 C and bel-ow. 
ieniperatures above 200°C, a 3/16-in.-i ,d.  tube was used, 
vacuum was supplied t o  the co l lec tor  and t r ans fe r  tube during sampling, 
A Micrometallic-G f i l t e r  with an e f fec t ive  pore diameter of 3 1-1 was 
p r e s s - f i t t e d  i n t o  a 3/4-inV-long sect ion which was screwed t o  the 
'oot-Loin of the  t r ans fe r  tube in use,  

For 
Argon or 

3.2 

r insed w i t h  d i s t i l l e d  vater, and dr ied wi-t;n acetone followed by air .  
After assembly, the dissolver  w a s  outgassed by a l t e r n a t e  evacuation t o  
(LOO p Hg pressure followed by f lushing with argon. 

Preparation f o r  a Solubi l i ty  Determinatlon 
Prior  t o  a run all equipenti  was cleaned with hot n i t r i c  ac id ,  

With the d.esired. quant i ty  of mercury added, ususl2y 200 ml, the 
temperature was maintained ai, 150°C for approximately 12 hr t o  conipletely 
de-gas and  dry bot'n mercuyy and dissolver .  
tained over the mercury surface during t h i s  period and throughout the 
e n t i r e  run. 

A slor.r flow of argon was main- 

Y'he clesired quankity of t e s t  material was introduced through the  
cn';rance valve, A i r  w a s  excluded during the time the valve was o p n  by 
temporarily increasing the  argon flow. Sn order t o  assure equilibrium 
between the t e s i  sa[,iple and the  mercury, several  days 01 boi l ing  w a s  
allowed. p r io r  to sampling A similar equi l ibra t ion  period w a s  allowed 
after each ternperattire change I 

3 3 W1ing-P-W 
Several d i f f i c u l t i e s  were encountered during the  sampling of t he  

I n  general  low r e s u l t s  and inconsis tent  data were aamlgam solut ions 
the  r e s u l t  of these d i f f icu l - t ies ,  The procedure f i n a l l y  adopted i s  
described below, 

Argon flow to t he  dissolver pot w a s  increased t o  prevent leakage of 

Argon was a l s o  passed. through the sample co l lec tor  and t r ans fe r  
a i r  when the i n l e t  gate valve was opened f o r  the  in se r t ion  of the t ransfer  
tube. 
tube pr io r  t o  and. diJring the  in se r t ion  of the tube i n  order t o  f lush  the 
a i r  from ins ide ,  The inser ted  tube was suspended j u s t  above the mercury 
surface for 1/2 hr to hea-t it t o  the temperature of the  amalgam. 
the  f i l t e r  t i p  had. been I.omred. below the  surface and the argon flow 
through. the  -Lube discontinued, and a ,ddi t iona l  1/2 hr equ i l ib ra t ion  was 
allowed. Omission of the  %craperature equiLi'ora-tion resu l ted  i n  c r y s t a l l i -  
zation. of metal mercurides on and i n  the f i l t e r ,  plugging it or preven6ing 
t x a n s f e r  of p r t  o f  t he  metal solute .  

A f t e r  

o For tramfer or" solut ions a t  or below 200 C, the  1 /8 - in , - i . d .  tube 
was sat8isfac tory. 
mexuride T~TELS held xp i m i d e  the tube unless a 3/16-ine -i .d, 'cube was 
used, 
tubine; between the dissolver  and sample co l lec tor  vas heated t o  a tempera- 
tuce  somewhat above that of the sample taken, This  was accomplished most 
s implji by resis tartce heating ~ 

liowever, f o r  solut ions at temperatures above ~ O O ' C ,  

I n  e i the r  case t r ans fe r  proceeded smoothly when the  length of 
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Thus with the extermk sect ion of the transfer tube heated t o  the 
appmpr ia te  teqerature ,  the exhaust l i n e  m s  closed, A combination of: 
argon pressure within the a s s o l v e r  and vacuum a2@ied t o  the  collector 
and t r a n s f e r  tube farced mercury solution through the fiE%er, With the 
first  appa rance  of amalgam in the  coUector,  the tube was withdrawn from 
the mercuxy solution and that which had passed Yhe filter was forced over 
i n t o  the co l lec tor ,  

The 10-20 nZ of amalgam col lec ted  was dissolved I n  nitric ac id ,  
combined ~ 5 t h  the  internal mshings of the transfer tube2 md submitted 
for ana lys i s  f o r  desired netal  and-mercury, 

Samples containing ruthea7,ium and pl1adiu.m wert? t r e a t e d  d i f f e ren t ly ,  
%'he mercury of the so lu t ion  %ma dissolved ~ Z J .  Q l\i 
below 60°C, 
glass to remove uridissolved. rcthenium and/or pUddiwa, combined with 
aqueous washings of the residue, an2 suSLniti;e& fo r  amlys-is, The noble 
netal residne on tihe fritted glass was treated. W L t L  1 NaOH--9, N a O C 1  
for  1 hr, daz which, time t he  ruthen3a.m was comg~LeWLy dissolved, 
alkaline solution was drawn "cough the f i l ter  and, if nu palladium was 
present, a c i d i f i e d  w i t h  n i%ric  acid,a-nd. sa;bailteed f o r  analysis, 
palladium w a s  present,  2% w8,s dissolved FkZ aqua regia, filtered, and 
cmibined with the alkaline ru thxi iw scxl.aat%m, 
v o l a t i l i z a t i o n  m s  noLed with this proce&me 

a t  a temperature 
The n i t r i c  ac id  solution was ff2"cred t. rmgh f i n e  fritted. 

The 

When 

Bo lass of ruthenium by 
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