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ABSTRACT 

The production ot ~otaaeium metal trom potas­
sium salt!! by reaction with sodium and di1tillatlon has 
been studied 1n a three lnoh by e lx toot length 
fractionating-reaction coluam. Thie in'Natigatton i1 
a continuance ot work reJ)Orted 1n P-2011 on a somewhat 
larger scale and haa been conducted to rurniah informa­
tion tor the full scale pilot plant. Potaaaiwn 99.2i 
pure was obtained troa thi1 method with a high per­
centage or the pota11iwa replaced in the carbonate . 
Th• purity ia attected bJ the ■alts uaed and rate at 
lrhich the operation ia carried out. 

Data on the reaction o~ aodta with pota111lum 
aalte are given tor equ111bri• con41tiona. Literature 
values on the potaaai\al halide■ and potaaaium hydroxide 
and values obtained at thia I,aborat~rr on the carbonate 
are plot~ed 1n plat•• 2 to 7, incluaiTe. 

. . 
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STATEMENT OF PROBLEM 

2. study or chemical sources of oxygen - The production 
of potassium metal from potassium carbonate and sodium. Thi s 
method is reported on the laboratory scale 1n Report #P-2011 
entitled "Investigation ot Methods for the Production or 
Metallic Potassium" . The present report covers the carrying 
of this work to a small pilot plant scale prior to the operation 
of the pilot plant on this study. 

FACTS BEARING 0~ THE PROBLEM 

3. The moat promising method for potassium production 
considering the procurement of materials and the yields of 
product from the above report was the reaction ot sodium metal 
vapor with potassium carbonate under reduced pressure. This 
operation was carried out with a column packed with the carbonate 
through which the sodium was distilled. 

4. The reaction between sodium vapor and a long column 
of solid potassium carbonate, carried out under reduced pressure, 
yielded sodium-potassium alloys rich 1n potassium. Distillations 
of sodium-potassium alloys under reduced pressure 1n a column 
packed with iron rings showed that a very complete separati on of 
potassium from these alloys resulted using less than 12 inches 
of packing. 

5. The column described in this report was designed to 
carry out both the reaction and the distillati on mentioned above 
1n one unit. The purnose of the experiments with this column 
was to determine the purity of potassium which could be obtained 
on a large laboratory-scale, and also~ changes necessary in 
designing a pilot-plant unit. 

APPARATUS 

6. The sketch and photograph included (APP• I, Plates 1 
& 2) show the basic column design and the floor arrangement of 
the individual units. The pertinent dimensions and a brief 
description of the parts are given in Appendix I . 

EXPERIMENTAL PROCEDtmE 

7. The column was tested thoroughly to insure the absence 
of leaks. The salt was then introduced and residual traces of 
water removed by heating to 300°c. under vacuwn. 

- 1 -
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8. sodium blocks were melteq in the bulk injector and 
forced, under nitrogen pressure, through a wire screen (to 
remove surface film impurities) and into the metering injector. 
A volume of sodium sufficient to react with nearly all the 
potassium carbonate was introduced to the sodium pot from the 
metering injector bT opening the s .s. valve while the column 
was under reduced pressure. 't'he surface of the sodium in the 
metering injector was followed with a movable electrical con­
tact connected to a buzzer. The weight of sodium injected was 
calculated from the volume of the metering injector (180 cc./in. 
of length) and the density of sodium at 125°0 . (0.92).· 

9. The column pressure ~as held at 50 mm. while the salt 
sections .were heated to temperatures ranging from 500-675°c . 
Sufficient heat was introduced to the sodium to vaporize it at 
a constant rate (f'rom 1-3 lbs./hr . ) by means of the Globars. 

10. As the sodium started to boil, the reflux air was 
turned on and the top heating section (H6} was turned off. As 
the reaction progressed, thermocouple T7 indicated the boil ing 
point for pure potassium (535° at 50 mm. pressure). Near the 
end of the reac-tion this temperature rose as the potassium 
content of the distillate decreased. 

11. · Thermocouple TB indicated the boiling temperature for 
pure ~odium- {650°0. at 5 mm. pressure) until the sodium boiler 
was empty. This point was indicated by a sudden temperature 
rise as shown by thermocouple T. Due t.o the resistance to 
flow of the salt column, the bo~ling temperature of sodium as 
registered by T

0 
varied from 660-675°0. 

12. When all the sodium had evaporated the heat 1nout to 
the salt column was increased until all sections were above 
650°0. The column was then evacuated slowly and kept under 
vacuum for 30 minutes longer to insure the removal of all re­
sidual metal. An atmosphere of nitrogen was introduced, the 
salt container removed and the column allowed to cool in read­
iness for another experiment. 

13. Metal receivers were changed at intervals during the 
reaction withou.t changing the pressur e in the column by first · 
closing the condenser-arm valve. 

14. The freezing point diagram of potassium alloys that 
are solid at room temperature has been accurately determined 
by chemical analysis in this laboratory so that the composition 
of solid .alloys could be determined by taking their freezing 
points with a 0.1° thermometer (see Plate I). The composition 
of liquid alloys was determ.ined chemically by titrating a 
weighed sample with standard Bel • 

... 2 .. 
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15. samples of the salt residues were taken at intervals 
along the column end analyzed for residual potassium carbonate 
by titrating a weighed sample with standard Hcl. Traces of 
hydroxide were read117 determined by the addition of an excess 
of a Bacl8 solution to a water solution of the carbonate sample 
and titrating with HCl, using phenolphthalein as indicator. 
Mixed chloride samples were analyzed by titrating a known weight 
with a standard silver nitrate solution. 

DIFFICULTIES 

16. The most difficulty was experienced with the sodium 
injection. In spite of all ordinary precautions, some of the 
metal in the column reacted with oxygen or water from the salt. 
The resulting oxide or hydroxide fused at the temperature of the 
reaction, ran down into the cooler portion of the injector pipe, 
and solidified. Before injec·ting another portion of sodium, 
this plug had to be heated above ;50°c. to melt it. sometimes, 
even heating with a torch did not clear a passage, so that the 
run had to be stopped and the column washed out. probing ?•i th 
a wire through the bottom end ot the injector pipe tee before a 
run helped somewhat but even this failed much too often. 

17. Finally a ~/8" s.s. pipe was welded to the 81de of the 
column shell;" from the bottom. Occasionally this also had to 
be probed with a rod before the sodium could be injected but 
here only a thin film of oxide (or hydroxide} ~as met with and 
this could easily be broken. 

18. Unless the sodium was extremely clean, some metal 
stuck to the sides of the metering injector, thus int•oducing 
less sodium than calculated. A thin oxide film on the sodium 
offered poor electrical contact so that the volume of sodium 
injected was subject to further error. For these reasons, a 
minimum value for the sodium injection was calculated from the 
weight and analysis or the distillate. As the salt residues 
were quite free from metal and hydroxide (lees than 1%), this 
value was more accurate than that obtained from the metering 
injector. The wall errect should docrease considerably on a 
larger unit. 

19. Silver solder 
if they came in contac·t 
longed periods of time. 
investigated. 

EXPERIMENTAL DATA 

joints and brass cocks seemed to fail 
with hot metal (hydroxide!) for pro­

The exact cauee of this was not 

20. The results of reactions carried out between sodium 
and potaesium carbonate at 50 mm. pressure are presented in 
Tabler. The reeulta of the single experiment using potassium 
chloride are also given. This latter experiment had to be 

- 3 -
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Tabl-, I 

Rosulta ot Reactions Between Sodium and Potassium carbonate at 50 mm. pressure 

Average composition Yield of production 
composition ot Initial High Purity Boiling Rate or 
or Total -High purity Alloy (Wt, Rate of High Plll'ity Sodiu 
Distillate Fraction % Total Na. Sodium Alloy used 
{Atom~- K) (Atom% K) Distillate) rf2 Lao" (#/hr.) (# K/hr.) ill 

14 97 99·.8 95 0.9a 1.48 1.32. a.47 
11 97 99. 1 93 1-.0 1.44 1·.,, l•ll 

12 9z ·-·- -- o.ak 1. 32 1·.2+ l~~ 
96 99·.8 83 0.3 1.,3 1.0- ]:31 6 
~ 99·.a 35 o. 5 1·.5 1-.~-j a 99·. 89 8:~, 1-.95 o·.9;, 2·.z1 

9 96 99·.a i,79 1.77 2·· t 
' 1-, 95 99·. 8~ 1·.00 1-.~ l;.jl 2-:6 
~- 15 i 99·.i al o·,a5 1-. 1·.52 

2-~ 5 99'· o. 9 1.11 0·~75 2· I k 2-: 5 10 99·. 3 0.89 1.78 1.3~ 
CJ 22 9., 9~·-1 g:~i 2~12 t[i J;½l m 12 93 9 .. l ~:12 7 ~ 99•: 84 o·,34 2.i 
0 19 99.5 50 O. l 2.9 2,1 ~. 7 

s; l" LCOa Pilla 
(f) 4 86 -- -- 0.93 1.34 0,9.~ 2.46 
en JCCl Pill• _.,. 

•l 
(40) ( 35) 0.95 0.95 -- 3. 8 - 23 99.1 m 

0 () Estimate 



ftlt!! II 
sxperialatal Caad1ttou tor -ttam ....... 

Sodl• -· POtu•1• c•r'--te 
A••rage 
Ccaposition Rini Rat• ot !'eaperature ot Salt 
or Total peck181 Retluz seetlona •• Sodium 

Exp. D1at1llate at Top Ail" lrrte4 Bolll;L wo. (Atom f K) (InobN). (ofla) (is ii~F P• > -
14 97 11 1ft 1~, 650 

11 97 11 l/2•1 1-~ 600 

3 97 · 11 1/2 1•4 575 

16 96 0 2-1-0 1-, 650 

6 96 11 · 1/2 1-5 625 

8 96 11 0 1-5 600 

9 96 0 () 1-5 600 

1, 95 11 0 1-3 650 

15, 95 0 l/2 , 1-3 650 

5 94 11 l 1-5. 600 

10 94 11 0 1-5 600 

22 93 0 0 1-4 650 

l2 93 11 0 1 .. 5 600 

7 92 ll 0 1-6 500 

19 a, 0 0 1-4 675 

l" 5IC9t ttllp 

4 u l · 1-5 600 

m1 P1!1e 
2, (40) 12 0 1 600 

2~ 550 

...... .. 5 -



etopped after all the sodium had evaporated bu~ only approxi• 
mately 7o,; of the total metal had distilled because a bad leak 
developed. The results, however, were suf'ficiently conclusive 
to be included. 

21. Column·} or Table I gives the composition of the alloy 
of high purity that distilled over initially, This high purity 
alloy comprised the weight percent of the total distillate 
given in column 4. The equivalent ratios presented in column 5 
represent the ratio of the number of atoms ot sodium used to 
the total equivalents of potassium carbonate (or KCl) used. 
The rates of production of high purity alloys presented in 
column 7 does not include the time necessary to remove the 
residual metal from the salt. 

22. The conditions of packing, reflux rate, and tempera­
ture under which each of the above experiments was carried out 
are presented in Table II. The reflux air rates presented in 
column 4 of Table II are integrated values. When two or more 
are given for one experiment, all were effective approximately 
equal lengths of time in the order given. Column 6 presents 
the temperature, as the sodium began to boil, of the lower 
heating sections given in column 5. The heating sections above 
those presented in column 5 were all at 500°c. initially. 

DISCUSSION 

23. Table I shows that the initial distillate tractions, 
comprising approximately 90% of the total distillate, unif·ormly 
analyzed above 99 atom percent potassium. The average composi­
tion of the total distillate was somewhat lower (approximately 
96 atom percent potassium). By the proper selection of operating 
conditions, an initial 95i fraction of th~ total distillate 
analyzing 99 1/2 atom percent potassium was obtained. The total 
distillate averaged 97 atom percent potassium under the same 
operating conditione. 

24. The initial distillate compositions varied only between 
99 and 100 atom percent potassium and the average compositions of 
the total . distillate between 92 and 97 atom percent potassium 
under the various operating conditions employed, so that it was 
difficult. to correlate positively the condition and its result. 
Certain correlations, either positive or negative, which the 
data does indicate are presented below. , 

25. No effect on the composition of the distillate could 
be observed when the equivalent ratios •ere varied from o.8 to 
1.0 or the boiling rate of sodium from 1.1 to 2.0 pounds per 
hour. Sodium boiling rates greater than two pounds per hour, 
however, yielded total alloys considerably poorer 1n potassium 
(experiments No. 19 and 22). 

~ - 6 -
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26. Experiments No. 14 and 15 were conducted under as 
nearly identical conditions as possible, with the exception 
that 1n No. 15 the ring packing waa replaced by additional 
potassium carbonate which was included in the calculation of 
the equivalent ratios . With salt packing, the total distillate 
composition decreased from 97 to 95 atom· percent potassium. 
EXperiments No. 8 and 9, however, were also carried out under 
similar operating conditions except for packing, but in this 
case the purity of the resulting pota,ssium alloy was unchanged 
es shown in Table III. These resalts indicate that the frac­
tionating efficiency or a salt packing wu1 approximately equal 
to that or a pecking composed of iron rings. 

Table III 

Ef'fect of TJpe of Packing on the Total 
Di stillate composition 

Average Composition 
EXp. No. !f-ik1ng ro, of Total Distillate 

14 RingJ 97 M ~ K 

15 Salt 95 

8 Ringa 96 

9 Salt 96 

27. To insure good fractionation, some liquid metal was 
necessarily retained in the column during the reaction and sub­
sequent distillation. Thia was accomplished by passing an air 
stream through the reflux condenser (forced reflux) and/or by 
reducing the heat input to the top salt section (ordinary 
reflux). The ordinary reflux rate waa determined by the .heat 
insulating properties of the column which, 1n this column, 
yielded a maximum reflux rate of approximately 1/4 pound of 
potassium per hour. one cubic foot per minute (cfm) or forced 
reflux yielded approximately 2/3. of a pound of potassium reflux 
per hour. 

28. The experiments 1n which a small amount of forced 
reflux was used in addition to the ordinary reflux appeared to 
yield slightly better potassium alloys than those ex-perimenta 
in which no forced reflux was wiea. Experiments No. 16 and 1~ 
were carried out under very nearly identical conditions with 
the exception t hat 2-1-0 cfm forced reflux waa employed 1n 
No. 16 while only the ordinary rerlux was etfective in No. 1~. 
The composition ot the total distillate, however, was changed 
only from 96 atom percent potassium in No. 16 to 95 1n No. 13. 

DECLASSIFIED 



29. Due to the high heat of vaporization of sodium and 
potassium, the metal condensed on the salt and packing was very 
difficult to remove. This is shown by the results of experi­
ments No. 16 and 13 presented in Table IV. For No. 16 (2-1-0 
cfm forced reflux), 62~ of the total dist.illate was obtained 
70 minutes after the sodium boiler had been emptied, while 87% 
of the total distillate was obtained in the same interval of 
time for No. 13 (no forced reflux). 

Table IV 

Effect or Reflux on Time of Removal 
of Metal from the Salt 

Exp. No. 16 
(2-1-0 cfm forced reflux} 

Yield as Wt.~ 
of Total 

Distillate 

No. ot minutes 
atter Sodium 
Boiler ,ras 

Emptied 

30 

70 

110 

150 

Exp. No. 1, 
(no forced reflux) 

Yield as wt.~ 
of Total 

Distillate 

72 

87 

No. · of minutes 
after Sodium 
Boiler was 

Emptied 

It was therefore advantageous to redµce the liquid metal hold­
up to the absolute minimum necessary to carry out the desired 
fractionation. This was done by reducing the reflux rate and_ 
increasing the initial temperatures of the lower salt sections. 

,o. No correlation could be observed between the tempera­
ture of the lower salt sections initially and the purity of 
the resul:tins potassium, provided that sufficient liquid metal 
remained in the column for fractionation. In experiment No. 13, 
no forced reflux was used, and the bottom three heating sections 
were at 650°c. throughout the reaction, yet the initial 87~ of 
the total distillate analyzed 99.8 atom percent potassium and 
the total distillate averaged 95 atom percent potassium. Thus 
the fractionation resulting from ordinary re(lux alone appears 
to be sufficient to produce high purity potassium alloys. 

':51. After the aod'ium pot waa emp-tied, the hold-up metal 
was removed from the salt by heating all the column sections 
above 650°0. and then evacuating completely tor ;o minutes. 
This was done· in all experiments except Nos. 7, 12, 19 end 22. 
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In the latter experiments all the salt sections except the 
uppermost one were heated to 650°c. and then a vacuum applied. 
Uniformly poorer total potassium alloys resulted in these four 
experiments. 

32 • . After the sodium had all evaporated, an addit i onal 
1/2-3/4 or an hour was required to remove 8~ of the total 
distillate from the salt, provided that the metal hold-up was 
not excessive . Approximately 9~ or the total metal distilled 
in a little over an hour after the sodium boiler was empty. 
The total time necessary for each experiment was ~-4 hours, of 
which 1/2 hour •as required to remove the residual metal from 
the salt . The time required to heat the column to its starting 
temperature i s not included. 

33. considerably more time was required to remove the 
residual metal from the salt in some of the experiments than 
1n others because the most efficient procedures had not yet 
been developed. For this reason the potassium yields per hour 
of total operating time were inconsistent with the operating 
conditions . The potassium production rates given in column 7 
of Table I, however, are independent of the time necessary to 
remove the res idual metal from the salt because only the 
operating time reouired to obtain the yield of high purity 
alloy given 1n column 4 •as uaed in this calculation. The pro­
duction rates given in the \able are somewhat higher than the 
actual over-all production rate but they are dependent only 
on the conditions of reaction* not on the method of removal of 
the residual metal from the salt. 

34. The l" KaCOa pills used in experiment No. 4 were too 
large to react completely as 18 shown by the salt residue 
analyses of the inside and outside of the pills given in Table 
v. The residue analyses for experiment No. 14 are included in 
Table v for comparison and also to show that the bottom salt 
sections were completely reacted e~en though they were kept at 
650°c. throughout the experiment. 

35,. pure potassium can. be obtained in a colwnn of -thie 
type from the reaction of sodium with potassium chloride, but 
the yield of high purity allay is only a s~all fraction of the 
total distillate yield. This 1e shown by the initial dis­
tillate compositions given in Table Vt for experiment No. 23. 
Distillate samples No. 1-4 comprise approximately 70,, of the 
total distillate. The residue compoeitiona given in Table VII 
show that there 1'l'&s· nO enrichment along the salt column as 
takes place with p0tassium carbonate. The enrichment that 
did occur was due solely to fractiona~lon at the top of the 
c olumn. · · 

36. It is interesting to note that in experiment No . 2~, 
although the reaction progressed for tive hours at 50 mm. 

~ ,.. 9 -



preeeure. leas than 0.5 gNll ot ■lxed chloridwe d1at1lled 
into the condenser.,.. Jo di1tillatian ot mind carbonates 
was observed. 

Table T 

compoeitiOD. of Salt Re•14u••· 

Exp. 10. 4 Exp. Ho. 14 

(IaCS!a till!) (laCOaW'it•&•t•d bz s2raiing) 

Inches trom J(Ol fo it.CO. Inchea from 
Bottca of (Ina1de ot (OUtaide BottO'lll ot 

salt Container Pill) ot Pill) salt container 

0 0.9 1.4 0 

11 24,.2 7.9 10 

22 21.9 .15.1 20 

33 28.6 20.9 30 

44 "·' 22.1 4o 
50 70.5 41.7 50 

T11ble VI 

Initial Di■tillate Sat.plea tor the 
•••XCl Reacticn 

PR• Wo. 23 (ICl Pilla} 

Sample wo. . wt. or, s-21• Atall ( I: 
J 

1 0.2a, 99.8 
2 1.41 99.0 

3 1.'9 47.5 

4 0.58 ,o.o 

llll!m • 10 • 

Mol f, 
!9COa 

o.o 
0.1 

o.6 

5.5 

22.3 

51., 



Table VII 

Analyses of Mixed Chloride Residues 
trom EJtperiment No. 23 

Inches trom 
Bottom ot 

Salt container 

0 

14 
29 

53 

Mol 1 KCl 

76 

71 

74 
90 

THE EQUILIBRIUM BETWEEN SODIUM METAL AND POTASSIUV. SALTS 

36. Data published by E• Rinck in the Annales De Chimie, 
Vol 18, page ~95, 1932, on the equilibrium between alkali salts 
and alkaline metals cover the reactions between sodium and the 
potassium halides and potassiwn hydroxide. Plates 2 to 6 
inclusive, show the atom percentage of potassium in the alloy 
in equilibrium with the potassium-sodium salts for the reactions 
given. The reactions were carried out above the melting point 
of the salt phase. These reactions take place with a small 
heat of reaction, some being slightly endothermic and the others 
being exothermic, which results in no appreciable change in the 
equilibrium constant with temperature. rt is worthy of note 
that the two reactions giving most favorable results with respect 
to potassium metal production have the lowest heats of reaction. 
The KF reaction is exothermic to the extent of 2.1 kilogram 
calories per mole and the KOH reaction is endothermic by approx­
imately the same amount. The heats of reaction for the chloride, 
bromide and iodide with sodium at ordinary temperature are 
endothermic by 6.7, 7.0 and 8.7 kilogram calories per mole 
respectively. · 

37. The literature values for the heats of reaction of 
the ~COa with sodium indicates this reaction 1s endothermic 
to the extent of 4.4 kilogram calories p·er mole at ordinary 
temperatures and tends toward a very small heat of reaction or 
even to an exothermic reaction as the temperature is raised. 
The shape of the curves obtained bear this out since it is 
similar to those or KF and KOH. However, the measurements 
made indicate the reaction to be more favorable than the KF 
and KOH reactions. The values obtained are plotted on ~late 7. 
Apparatus and method are described in Appendix II and Appendix 
II, plate 1. Two curves have been drawn mich are possibly the 
most and least favorable curves indicated by these data. The 
exact values are in doubt due to the difficulty in obtaining 
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and analyzing representative samples, yet the data probably 
indicate the general shape and location of the eQuilibrium 
curve. Should the values tall as indicated the potassium 
carbonate would give the most favorable eQuilibrium of the 
salts considered herein. 

CONCLUSIONS 

~B. The production ot potassium by the method described 
results from two separate proces·ses carried out simultaneously. 
The reaction of sodium with the carbonate produces a mixture 
of sodium and potassi'1Jft metal and a corresponding mixture of 
sodium and potassium carbonate. The mixed metal is then 
fractionated in the column of the carbonate. Under the present 
conditions the potassium leaves the column as vapor and the 
sodium "runs back" or reacts with the carbonate to further shift 
the reaction in the desired direction. The metal mixture can be 
fractionated on metallic column packing leaving the sodium to 
return to the boiler (see also report P-2O11). 

39. sodium-potassium alloys averaging 97 atom percent 
potassium were obtained from the reaction of sodium vapor with 
solid potassium carbonate at 50 nn:n. pressure in a fractionating­
reaction column. The initial high purity alloy comprising 95% 
of the total distillate, averaged 99 1/2 atom percent potassium 
under the same conditions. 

4'>. The packing of iron rings was replaced by additional 
potassium carbonate without materially affecting the purity of 
the product. 

41. Sufficient fractionation was effected without forced· 
retlu.x by reducing the heat input to the top salt section. The 
top two salt sections were at the boiling point for pure 
potassium (535°c.) at the beginning of the reaction while the 
remaining salt sections were at the boiling point for pure 
sodium ( 650°c . ) • 

42. A 1:1 equivalent ratio of sodium to potassium 
carbonate and a sodium boiling rate of 2 pounds per hour were 
used. 

43. The removal of metal residues was accom~lished most 
advantageously by heating all the salt section to 650°c. at the 
end of the reaction and then evacuating tor ~O minutes. 

44. Approximately 9~ ot the metal had distilled one 
hour after the sodium in the boiler had all evaporated. Better 
than one pound ot pure potassium. waa obtained per hour of total 
operating time. 

· 45. One inch diameter potaasium carbonate pills were too 
large to react completely. 
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46. High purity potassium alloys were obtained when 
potassium chloride was used in place or potassium carbonate 
but the yield amounted to only 35~ or the total distillate. 

47. Literature data has been added for the equilibrium 
for the reaction of sodium metal with the potassium halides 
and potassium hydroxide. Values obtained at this Laboratory 
are given with discussion for the reaction of sodium metal 
with potassiuin carbonate. These measurements indicate· the 
reaction at eouilibrium to be Quite favorable to potassium 
production, the exact values however were not obtained. 

WORK IN PROGRESS 

48. The production of potassium from-the potassium 
carbonate-sodium reaction in the fractionating-reaction column 
has been carried up.to pilot plant scale. It is operating- at 
present and · results will be reported when sufficient data on 
operations are availabl.e 

49. Reactions of sodium with the various potassium 
salts with simultaneous fractional distillation of the alloy 
are being investigated. This work is being done at temperatures 
where the salt phases are liquid and with the metal reflux in 
the fractionating column returning to the salt container. An 
inert packing (stainless steel) is being used in this column. 

50. Further work ls planned on the equilibrium data for 
reactions to be studied where such data are not available. 
Good equilibr1UJQ data on these reactions will be of considerable 
value in deciding which method (the fractionating-reaction 
column •1th solid salt or the liquid phase reaction 11'1.th 
simultaneous distillation) ls the more advantageous. · 

)ECtASS!FIED 







I\ TC 1 





Pl ATF .~-



............... _________ DI 11TF c:., 





APPENDIX I 

DESCRIPTION OF THE DISTILLATION-REACTION APPARATUS USED 

stainless steel used was 18-8 chrOlllfl nickel · steel,type ?02 . 

Reaction column: 4" O.D. x 3/32" x 96 11 s.s. tubing. 

condenser: 7/8" O.D. x 1/16 11 s.s. tubing welded to the column 
shell 15" from the top. A 1/2" brass steam cock and the female 
portion of a 1/2" iron union were silver soldered to the exit 
end of the condenser arm. 

Injector Pipe: J./8" x 11 11 s.s. pipe welded to a 1/4" s.s . plate 
at the bottom of the column shell. A 1/811 s.s. tee was silver 
soldered to the bottom of the injector pipe. 

seat: TWo 60° taper, mated, steel conical rings. The female 
waspinned to the inside of the column shell, 10 11 from its 
bottom; the male to the bottom of the salt container. 

sodium Boiler: 3 13/16" diameter x 10 11 chamber extending from 
the bottom plate of the column shell to the seat. 

Baffles: Thirteen 4 15/16" O.D. x 4 1/32 11 I.D. x 1/1611 steel 
rings welded to the outside of the column shell at intervals 
of 6 11

• 

support Flanges: Four 1 11 x 311 x 1/811 s.s. strips welded 
horizontally to the bottom edge of the column shell. These 
rested on brick and supported the weight of the column. 

Top Closure: 3 3/4" o.n. x 1/1611 x 11 1/2" steel tubing. A 
closed chamber, 2 11 O.D. x l/16 11 .x 5n, was welded to the bottom 
of the closure. This chamber was equipped with a baffle and 
1/4" pipe inlet and exit tubes for reflux air. · 

Top Flanges: A 6" O.D. x 4" r. n. x 1/2" grooved flapge welded 
to the top of the column shell, and a 6" O.D. x? 1/4" I.D. 
x 1/2" tongued flange welded to the top closure. These were 
sealed with a lead gasket. 

potassium Carbonate container: 3" O.D. x 1/16" x 66 1/2" s.s. 
tubing with a 3 77811 guide welded at the top. 

Perforated Disc: 3t1 x 1/16t1 steel plate~ perforated with 115 
3716" holes, and fitted to the bottom o:f the salt contai ner. 

packin~: 3/8" o.n. x 1/16" x 3/811 iron Raschig rings. 

Appendix I - Pagel 



Pocking container: 2 3/411 o.n. x 1/16 11 x 12 11 tubing cloS-ed 
at the bottom with a perforated plate. This slipped into 
the top of the salt container and was held in place by means 
of a 3 1/2" flange welded to the top of the packing container. 

Metering Injector: 411 O.D. x 1/8" x 24" 
top with a tongue and groove flange, and 
1/4" Pratt and Cady S,S. angle valve. A 
exit pipe from the valve to the injector 

tubing, closed at the 
at the bottom with a 
un1on connected the 
pipe. 

Bulk Injector : 10 11 x 10" x 3 1/2 11 steel container (held three 
2 1/2# sodium blocks) with a removable top and fitted at the 
bottom with a 1/2" steam cock and the female -port ion of a 1/2" 
union. The male portion of the union was on the top of the 
metering injector . 

p otassium Receivers: Two 6 11 O,D, x 1/8" x 14" and four 3" 
O.D, x 1/16" x 6 11 iron container.s, all fitted at the top with 
l/2" male unions and at the bottom with 1/4" unions. A 
side-arm on each connected with the vacuum line. 

Column Heaters : seven 12" heating lengths (lettered H
0 

- H6 
I'rom bottom to top) P individual ly controlled, extended the 
length of the column. These ~onsisted of 35 ' of 3/16" x 0.0285" 
chromel ribbon spirally-wound on 5" I.D, x 3/811 alundum cores . 

Sodium Heater: Two 611 x 13" x 1/211 series-connected Globars, 
placed ho rizontally l" below the column shell . 

The condenser arm and sodium injector were also 
h eated electrically. Individual control i;_,as obtained with 
ten 2 k va. Val"lscs. 

Temperatures: The salt temperature s (T1 - T~) ~ere measured 
with six thermocouples placed at the mict ... poiiits of the six 
salt-heating elements and extending hor iz.ontally through the 
insulation and alundum core to the outside of the column shell. 
A 1/811 s.s. pipe extending 1/211 into the sodium pot from the 
bottom v,as used to measure the sodium temoerature (T ) • Another 
1/811 s.s. pipe well extending l" below the reflwc ch~mber of 
the top closure contained a thermocouple to measure the met al 
vapor temoerature (T7 ) as it left the salt. These t emperatures 
were recorded on three Brown recording potentiomet ers. 

Reflux Air: The rate of flow of the reflux air was measured 
with a calibrated Hays Flowmeter. 

purifie d Nitrogen: Residual oxygen and water was removed from 
the water pump nitrogen by passing it first through copper 
turnings at 450°c. and then through a potassium hydroxide 
drying tower. 
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vacuum: A Cenco Mega-vac pump was of ample capacity to 
completely evacuate the system in several minutes. 

MATERIALS 

Niagara Alkali company granular potassium carbonate 
was sprayed on trays with ~0% by weight of water and dried for 
six hours at 1~5°c . It was then crushed, eifted between l~~" 
and ~/h." screens and redried until ready for use. Its apparent 
density (weight divided by the volume of salt container it 
occupied) was approximately 0.70 g./cc. A com.mercially pre­
pared sample of aggregated potassium carbonate, furnished by 
the Mallinckrodt Chemical works, was used in experiment No. 12. 

Dry granular potassium carbonate was pressed into 1 11 

diameter .x 1 11 pills at 5000 psi pressure. The deneity of each 
pill was approximately 1.5 g/cc. ~hile the app~rent density in 
a 3" tube was 0.65 . 

Dri potassium chloride was pressed in a pill 
machine to 3/8" diameter x 1/8" pills. The apparent density 
was l. 1 g./cc. 
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removing of vapor which differs from the composition of t h e 
alloy will shift the equilibrium as the distillation proceeds . 
S ince the metal sample collected was a small fraction of the 
total metal present (approx •• 025 out of 25 g~ams) the shif t 
of the equilibrium in these experiments should not be grea t er 
than the experimental error in the analytical determinations 
or calculations based on these analyses . 

The equilibrium measurements made were always 
with temperatures below the melting point of the salt phase. 
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