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INVESTIGATION OF 11:ETI"'.ODS FOR THE PRODUCTION OF 

METALLIC POTASSIUM 

I. t!''YTF!VvORD 

Th13 present ir..vestlgation, wh l.ch was initiated November 8, 

1940, was l::lG.CJ'ta.!5-en f o::- the :purpose of examining and dev,::lopinc; 

processr~s whereby netallic potassium or sodium-potassium al~ o\·; 

of high potQdSiUiil content night be produced commercially. 1hr 

results of earlier investiga tions have been fully detailed~~ 

~vro rep1,rts under date of Ju!le 6, 1941 and September l; 1941, 

r'::spect L vely. !'or t:!:;.e sake of convenience, the significar.-,t 

:-esul ts of the earlier work are brie,fly summarized below as a r e 

also th,)se of more recent investigations. Included in the presi:.1, t 

report 1l.re results on the burning of potassium by the spray gun 

method. This method of converting the metal to the oxide is 

J.eservi:1g of further investigation but can best be carried out 

at the Haval Research Laboratory where the necessary metal and 

other facilities are available. 

Thi~ laboratory phase of this investigation has now been 

conclud,;d; the results of the investigation have been incorporated 

in the clesign for a new pilot unit which is being. installed at 

the Naval Research Laboratory. This unit will have a capacity 

of from 30 to 50 pounds of metallic potassiUiil per charge. A 

complet,3, small pilot unit, having a capacity of about five 

pounds 1)f metal and incorporating all the latest elements of 

design, was constructed in the Brown shops and is now in 

operati,m at the Naval Research Laboratory. This unit will 

supply much valuable engineering information which will be 

useful unit . 
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II. SUMMARIES 

!!__R~ort of June 6, 1941. The reaction between sodium 

and potassium fluoride in the liauid phase was investigated . The 

metal, as distilled from the reaction mass under atmospheric 

pressurg, contained from 75 . 4 to 93.3 a tom percent of potass ium 

as the sodium added varied from 1.0 to 0.25 atoms per mole of 

salt. The salt was introduced into a large, stainless steel 

pot alo::i.g with the desired amount of sodium; it was heated 

electri~ally and when the reaction was completed, the salt was 

c:1_ rllined from the pot an:i a new charge was introduced.. This 

process . while practicable; is undesirable from the point of view 

of cost of materials, since the cost of potassium fluoride per 

pound or metallic potassium is in the neighborhood of twenty-six 

cents . 

Pu::-e potassium was obtained with yields ranging as high as 

82% by ::-eacting calcium carbide with potassium fluoride at 

tempera-:;ures in the neighborhood of 1000°C . There were some 

losses due to the reaction of nitrogen with carbon which takes 

place r ,3adily in the presence of metallic sodium or potassium. 

Under h13lium, the loss of metal due to such reaction may be 

elimina·~ed. Under vacuum, the reaction can be carried. out 

at temp•3ratures between 800° and 900°C and yields have been ob-

~ained :~unning as high as 87%. With sodium at fifteen cents 

per pound, there might be some saving in the use of calcium 

carbide as reducing agent . The difficulty of the process lies 

in that the residual products of reaction are solids and it is 

necessary to cool the reactor for purposes of emptying and 

recharg:.ng . Potassium carbide is formed as an intermediate 
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product of the reaction, for which reason, it is ne cessary to 

operate und er reduced pressure unless the temperature is raised 

toward 1000°c. 

about 20 cm. 

At 800°, the metal comes ov~r a t a pressure of 

Calcium silicide reacts with po--: :1.ssiu."TI fluoride soncwhat 

more re'ldily than does cnlcium carbide, The yield a:~ u ~'Ttosp!'.er­

ic pressure was 87% of exc 1 rp-l:. io:ially pure metal . The r·...,action 

is best ce.rried out 1;.nder vacuu_l'D. between 800° and 900° C l.~n,:1er 

which conditions, th ':; yield is 90%, or better. The disad ­

vantages of thi f' pr0,''3SS are the relatively high cost and 

the unavailabili·::.y of calcium s i licide and the necessity for 

cooling off the reactor f or purposes of emptying and recharging. 

B. Report of Seytembcr 1, 1941. Potassium sulfide may 

be reacted with calcium carbide or calcium silicide with the 

production of metallic potassium. The reaction sets in above the 

melting point of potassium sulfide (850°0) and must be carried 

to 1000°0, or more, to bring it to completion. The yield in 

the case of either reducing agent does not exceed 50%. 

Fotassium sulfide has been reduced by means of iron, 

aluminum and magnesium. On reacting potassium sulfide with 

iron up to 1025°, the maximum yield obtained was 49%, On 

reacting potassium sulfide with aluminum at temperatures 

800° - 900° and 950° - 1000°, the yields obtained were 54% 

and 50%, respectively. On reacting potassium sulfide with 

magnesium at temperatures between 775° and 1000°, a yield 

of 73% of potassium was obtained . 

Fotassium sulfide in the liquid phase may be advantageous­

ly reduced by. means of metallic sodium; alloys of high potassium 
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conteni; are obtained. The results follow : 

Atoms Na per equivalent K2 S 
Ai;om % K in alloy 

1.0 
61.6 

0.8 
72.6 

0 . 5 
85 . 2 

Sc,dium react s readily with potass ium s t:7.fi de in the solid 

phase. I~ order to avoid melting of the salt, temperatures 

must bo maintained below the b8j_ling p,)int :if potassL'tr. aP.d the 

metal rtl!s t be dis tilled t:''L· 1➔r red.1ced pressure . 

for a ~1erie::. of reac-t:. ions C,'.rried out at 600° with va1· 1inG 

amount t i of .--:odi1..1r1. foL! ow: 

1.00 
83.00 

0.75 
89.,5 

0.50 
96.2 

0.45 
96 . l 

0. 30 
96.4 

Pc,tassium ~,_. ~ fid · and sodiuTI sulfide do not forn mixed 

crystals; as reaction proceeds, an intermediate salt phase, 

NaSK, js formed and exists along with K2 S for additions of 

sodium below 0.5 atoms per equivalent of K2 S. Since we have, 

here, Et a fixed temperature , two solid phases , a liquid and 

a vapor phase (four phases in all), the composition of all 

4. 

phasos is fixed. The vapor in this system contains approximate-

ly 96 1: tom percent of pot_assium. For additions of sodium between 

0 . 5 anc 1.0 atoms of sodium per equivalent of salt, the K2 S 

phase tas disappeared and a Na 2 S phase has appeared. The vapor 

phase in this equilibrium contains approximately 70 atom per-

cent of potassium. The metal, as actually obtained for 

additicns between 1 . 0 and 0.5 atoms of sodium per equivalent 

of K2 S, is a mixture resulting from 1/2 mole of 96% alloy 

arising from the first reaction and an amount of ?0% alloy, 

arising from the second reaction, corresponding to the excess 

of sodium above the ratio value 0 . 5 . 

Decreasing temperature of reaction leads to richer 

potassium alloys . For a Na2 /K2 S ratio of 0 . 75, the condensate 
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from the reaction had the following composition at a series 

of temperatures: 

5. 

TemJierature, .:ic : 
Aton % K i n alloy: 

500 
D5.5 

550 
93.9 

oOO 
39 .5 

700 
83.3 

750 
79.3 

800 
73.2 

Preli:ninary studies were made of _poss~. ble neans of 

produc:.ng potassi.um sulfide by r eductir,n of pota ssiu:c sul:.' '3.te . 

Reduct .. ons ·-t,1ere ,.a.:::-ried oL.i. usi!l{', carbon ( in exc ess) h S 

reduci:tg agent. Comulete r eduction to K2 S could not be oa-

tained : ev ~•;-i on bea t:i :-~g the reaction :mass to well above l ')G'.) °C. 

Sample!; of -t:.h e z ~duc l-.:.on p r oduct were treated with soa.. i1.1~ and 

yielded alloys ·1.,1ic1'. -Nere fairl y rich in potassium bu·c th6 

t,otal ~rield of jJ') tasf,1um was onl y about 60% of the t ~.:.eoretical. 

The cm1posi tior.i. of t ::i~ aLi.c y ra::.1ged between 63 and 86 atom 

percen ~ of potas siw:r:_ depunding upon the amount of s odium 

addedc The chief difficulties of the potassium sulfide 

reaction are the ready oxidizability of potassium sulfide in 

air, i ·;s reactivity toward water vapor and the difficulty of 

reducing potassium sulfate to the sulfi-de .. 

Observations made in connection with the study of the 

react ion between sodium and solid potassium sulfide indica t ed 

that enrichment occurs when sodium vapor passes upward through 

a colu11n of the solid salt . This enrichment process was 

invest:.gated more particularly for the reaction bet~en sodium 

and so:.id potassium fluoride . Carr ying out the reactions 

at 600 '1 C, and using onu atOllJlof sodium per mole of potassium 

fluori de, the alloy contained 77.8 atom percent of potassium.. 

when the sodium was placed on top of the salt and then melted 

down . When the sodium was placed in a cup underneath the salt, 

the reiml ting alloy contained 87. 7 atom percent of potassium. 
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In ano·;her experiment, O. 9 a tom of sodium was used per mole of 

KF; tho sodium was introduced at the bottom of a chamber and 

above :.t was placed a column of KF 17" high~ On distilling 

the mei;al at 600°, the condensate was :'ounr: ·:::,o contain 98 . 8 

atom porcent of potassium. :Jsi '1.g the same ratio of sodium to 

salt , Etnd. distilling under 1:c1J1uspheri0 pressure, the alloy 

contains':"~ ::.tom _f;ercent of potassium. 

PcitasP :um carbona-ce \·vas investigated as a possible sal-': 

6 . 

for thE1 proCuctio:i. of potar~s ium by reduction with sodium. -.:;21rry­

ing out a SE.:ries of r·;ac tio:::is between 550° and 650° and. usi ng 

varyin€: proporti ·:ms c: sodium to salt , the following results 

·were ot tained: 

Temperature, '·C 500 600 650 
%K in alloy 

Na2/K2C03 = 1 . 0 67 . ? 
II = 0475 92 . 2 85 . 6 69 . 7 
" = 0 . 5 94 . 0 90 . 8 79.5 

Tte sodium- potassium carbonate r eaction is of great interest, 

since the alloys have a very favorable composition and the cost 

of the salt is relatively low. 

~ Present Report . Using a 40" column of potassium 

carbonate at various temperatures below 700°0, the influence 

of various factors upon the composition of the resulting alloy 

was investigated . These factors included the ratio of sodium 

to total potassium carbonate in the column, the method of 

preparing the salt, the temperature and pressure of the sodium 

in the boiler, the mean density of the salt and the size of the 

salt particles , 

The composition of the alloy depends greatly upon the ratio 

of sodLun to total potassium carbonate . With this ratio varying 
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from 0 . 5 to 0 . 9, the composition of the alloy varied from 

approximately 99 down to 90 atom percent of potassium. Other 

factors wer~ of runor 1~fluence, but t~e te~per&ture and pressure 

of the sodi~m in the boiler were found to 09 important since , 

at hig:1er pressures , the rate ;: flow ,::,f vapor th.rough the 

':olumn 1~:....v j)~' gree tly _ ... 1cr cJJ1sed ' 'or s given drop in press1·.::-e 

in the col--.w::1 . ..1hile; ~.he s 1ze of the salt particles h·~s 

but li~. tle .nfluence oD the composition of the alloy, the ::. , t;e 

of flm, of , c:.por ,:,hrc_· <_sh tne column becomes quite low w:~0;_ L!~ ;:; 

.;_,artic:.es become sma1.'.3r. Gatisfactory results were cbtail!ed 

with salt partic l-::s rillging between 1/211 and l/611 • The mean 

aensity of the .salt in the c~olumn has little influence on 

the cm~osition of th~ alloy; it is , therefore, advantageous t 0 

operatE: with a salt of relatively high density since the denseJ' 

the saJ.t, the greater the amount of metal produced in a column 

of g ivl'n dimensions . 

E:>:periments were ca::.:ried out with salt column 5 . 5 ' long 

and of 3" diameter. Owing to the throttling action of the 

openin~s between the boiler and the column proper, the rate of so­

dium r1ow could not be carried to as high a point as desirable, 

althoueh, in the second column, a fairly satisfactory rate 

of flo~ was obtained . The results of these larger columns 

were much the same as with the previous small column; with the 

sodium to salt ratio of 0.5 , the alloy contained 9? atom percent 

of potassium, while with a ratio of 1.0, the alloy contained 

90 atom percent of potassium. 

Experiments were carried out to determine whether or not 

the vapors of an alloy could be anriched by passing them through 
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a colwnn of salt which was kept at a temperature such that the 

metal tlid no1, condense upon it . When the flow of vapor was a 

suffic:~entl/ slow on8, very appreciab.:i.e enri chnll'n.t occurred . For 

example , opE:irating unde1· J ow pressure with ~he column at a 

t empera turH of 625° and the boi:.t.or a"li 500°C, and pas.si!:'g the 

vapors t.hrv..:gh t hr:: column at the :rate of 4 . 7 g./min . , au c..J.l:)7 

ini tia:.ly r_,,;:itaining 85 atom percent of potassium was ~mrh.hed 

to 97 n to1u ::)erce:n, of potassium, On :,he other hand, when t.r~e 

rate of flow of .r:.e ta~- ·Nas incree.sed to between 1 0 and l :· c,, /::nn. ~ 

:..:.,) subutant ial -~n.eichillent o-t the alloy was effected. It w&.s 

f ound, however, ::..riat ·u:· the tempe rature of t he col umn ~ part icular­

ly the top , was reduct·:1 t o a point where metal condensed on the 

salt , , 'ery substantial enrichment occurred . With an alloy 

having an initial composition of 85 atom percent of potassium, 

~.he a l ].oy obtained on passing tr...rough the column contained 98 

atom _pe rcent of potassium. 

These results led to a study of the mechanism of the 

enrichment process when sodium vapor passes upward throug:O. a 

columri of salt . Using a 24" column and a Na2 /K2 C03 ratio of O. 5, 

the s cJ.t in the column on t:ompletion of the reaction was 

analyzE·d for potassium. Operating under conditions where 

sodium condensed on the salt , it was found that the enrichment 

occurrEd and was substantially completed in a relatively 

narrow zone of salt from 6" to 10" long. 

U~ing a column 48" long and 1 - 1/2" in diameter, which 

was prcvided with a boiler at ~he bottom so arranged that 

conden~ed metal could flow back into the boiler, a series of 

experirrents was carried out for the purpose of determining the 
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efficiency of the column as the salt in the column was kept at 

vario1s temperatures. Operating with a boiler temperature of 

610° ·r,i th a column temperature of 6J 2° a-i:; -cne 1::-ottom and 520° 

at th3 top and reactjng 92% of the tutal potas5ium carbonate 

in th:i co.::.umn, an alloy was obtained conta ining 98 a"~- om percent 

of po·:;assiun. In general, the column operated les9 r.;at; .: • 

facto rily .-,hen the top of the column was kept at hi6 J-.er t,:mpe.:a-

tures, ~·~:iese experiments showed conclusively that '.;he co:umn 

opera·:;es with 2. higl1 degree of e:fficiency when the tor, r_:. t.:r,c; 

8olum:1 is kept ·.• t suJh a temperature that metal is cc-r1den:;ed 

upon l t and tha J onJ y potassium is vaporized at the tempri::-at1.i.t"'G 

exist Lng at the top •)f the column. Reacting as much as 90% 

of th 3 potassium car:~~nate in ~he column, alloys may be ob­

tained containing 9? atom percent , or more, of potassium . 

. u1 investigation was carried out to determine the 

effic lency of a column packed with tubular metal rings. A 3 " 

column was constructed with a reflux condenser at the top, a 

boile::- at the bottom to which condensed metal was returned , 

and .P'J.Cked for 36" of its length with iron packing rings 

3/8" .Long, 3/8'' external diameter and 1/16" thickness. Ap­

proximately 900 cc . of an alloy containing 45 atom percent 

of so,ii um was distilled in the column under pressures of 15, 

50 and 100 mm. The metal was collected in lots o:f approximate­

ly 100 cc. and a sample was taken at the beginnine; of the first 

100 c ,~. and at the end of each succeeding 100 cc . of metal 

colle1!ted . The potassium content of these alloys was deter­

mined from cooling curves . 

~7he column was found to be extraordinarily efficient. 
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Practically 100% separation was obtained between the two 

metals . Thus, in one experiment , the sixth sample, taken off 

when 560 cc. of metal had been collected, melted at 63 . 1°0, 

corresponding to 99.8 atom percent of potassium. The seventh 

sample, taken off when 670 cc . of metal had been collect&d, 

melted at o9°C, corresponding to 2 atom percent of potassium 

The rretal ~emaining in the boiler was pure sodium. 

The column was provided with thermocouple wells at 

intervals of 611 along the entire length of the packing and a 

movatle exploratory thermocouple was provided whereby the 

temperature of the column could be obtained at any point. In 

the Earlier stages of distillation , complete fractionation 

occurred in approxiI:lately 3" cf packing and at the end, when 

practically all the potassium had been distilled off, complete 

separation was effected within 1211 of packing. It is thus 

evidEnt that a properly packed column provides an unusually 

simple and efficient means for the separation of potassium 

from sodium in their alloys. It is suggested that by p~o­

vidin3 a salt column with approximately 12" of packing at 

the top , pure potassium could be obtained in the distillate 

vdth a conversion of 90%, or more , of the potassium carbonate 

in the column . 

It was thought that it might be possible to devise a 

procGss.in which the salt in the form of solid particles could be 

passEd continuously downward through a column, while sodium 

vapor was introduced at the bottom and the evolved potassium 

taken off at the top . Upon examination, it was found that 

such a process is not practicable because of the fact that 
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potassium carbonate becomes tacky in the neighborhood of 400°0 

and will not flow properly above that temperature. Since thG 

reaction must be carried out in the neighborhoo1 of 550°0, or 

higher , a column cannot be made to function according to this 

principle . The tackiness of the salt may be reducE::d ~)Y admixing 

with it, mat~fH~sium oxide . Using potassium carbonate c0ntaini ;;"" 

as muc :i as so% of magnesiun oxide, the tackiness is markec.ly 

reducei but yet do0s not flow satisfactorily at 550°C . Possibly, 

by inc re a sing the mapnesium oxide content of the salt, a coJ.11.tv• 

might be made ti- function but it is doubted that such a colurnr1 

woula be practicable from an economic point of view. 

T :ie salt might i-,r~ put into short containers, say 6" to 

12'' in length, which containers would be open at the top and 

provid 3d with a screen at the bottom and these containers mig~~. 

be pas3ed continuously through a column. Since the reaction 

must ba carried out under vacuum, the mechanical difficulties of 

a proc3ss of this kind would seem to be such as to render it 

impractical . 

F1rlier experiments had shown that potassium sulfide may 

be red1ced by means of sodium to produce an alloy of high 

potassium content. Experiments had also been carried out to 

produc3 potassium sulfide by reduction of potassium sulfate 

by mea:1s of carbon or reducing gases such as carbon monoxide. 

Furthe.r work was carried out on this problem but without 

satisf1ctory results. It was not found possible to completely 

r educe potassium sulfate to potassium sulfide at temperatures 

below 1000° . In view of the difficulty of producing potassium 

sulfid,~ and its sensitivity to moisture and r eactivity toward 
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oxygen, it is concluded that the potassium sulfide process 

is no·; practicable at this time. 

::ncident to thu production of metallic potassium, som0 

exper:.ments were carried out on the oxidation of :i;otassium 

12. 

to K204 by atomizing the metal in a dry atmosphere by means of 

a spray gun . The method seems very attractive from tho point 

of view of' convenionce and simplicity but it was not found 

possil>le to obtain the complete oxidation of potassium to 

K2 0 4 ; in other words, oxides lower than K2 0 4 were produced to 

a coni;iderable extent. 

::t was fou:..1.d that the oxygen content of the resultant 

oxide was the higher) thG higher the temperature at which 

the motal was burned. Such higher temperature was obtained 

by heating the air that operated the spray gun and by con­

troll:.ng temperature conditions in the burning chamber. It 

is co1tceivable that by increasing the oxygen content of the air, 

the tomporature of the burning process mi€,ht be brought to 

a point where oxidation to. K 2 0 4 would be complete. This, 

howovor, remains to be tested. That the metal was not 

complBtaly oxidized to K 2 0 4 was shovm by treating the oxide 

with oxygen at temperatures bet,men 100° and 200° C. ·Nhen 

so troated, the oxide absorbed oxygen, in one case, for 

examp:.et raising the oxygen content from 218 cc./g. to 

227 cc./g. 

III. PRELIMINARY STUDY OF TEE K2 C03 COLUMN 

J~arlier investigations ( summarized above) have led to two 

impor·~ant results, namely: (1) when potassium carbonate in 

the solid state is reduced with sodium, the alloy obtained is 

rich :.n potassium; when sodium vapors are carried 
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upward through a column of a potassium salt in the solid state, 

a process of enrichment takes place as a result of which the 

alloy obtained is much riche.i.' in potassium t han it is when dis­

tilled directly from the molten salt. 

The r ea0tion between sodium and solid potassium carbonate 

was stujied in detailo For this purpose, the salt wa~ int~o-

duced i'lto a "tube of 1-1/2" internal diameter to a height of 

approx:: nately 40". At the bottom, the tube was provided wi~-h 

an enlarged chamber which S8rVed as boiler for the sodium. 

VRrious factors that might influence the composition of the alley 

were in;estigate6 n Tbe se factors include: ratio of sodium to 

potassi·1m carbonate in reac~or, method of preparing the sal ~, 

tempera ture and pressv . .re of the sodium in the boiling chamber, 

mean de.1sity of the salt and size of the salt particles. 

A, Effect of Na2 /K2 C03 Ratio. A series of experiments 

was car:ded out at 625° (boiler temperature) in which the atomi') 

ratio o:~ metal to salt was varied between 0.5 and 0.9. In one 

series (Table I,A), the salt was of 4 - 10 mesh and in another 

(Table T,B} of 3/8"-6 mesh . The results are presented in 

Table I i the rate of distillation of sodium, in minutes 

required per 100 g . of sodium, is given in the last column. 
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TABLE I 

Effect of Na2/K2CO3 Ratio on Alloy at 625°C 

A. 4-10 mesh K2CO3 

Exp. 
No. 

45 
56 

60 
61 
62 

~K2CO3 

O.5O 
0,67 

B. 

0 . 5() 
0.67 
o.,so 

Atom% 
K i!l alloy 

3/8"-6 

99.5 
98o0 

mesh 

96.8 
94.4 
89.5 

K2CO3 

Minut_es/1OO 

35 
35 

33 
42 
30 

14. 

g.Na 

As may be seen from the table, the alloy obtainad is the 

riche:~ in potas sium, the lower th0 proportion of sodium added. 

The column is very effective; the alloys obtained in all 

cases are much richer than those obtained by other methods :n 

which sodium is employed as reducing agent . 

B. Effect of Method of Salt Preparation. Commercially, 

potas~lium carbonate is supplied in the form of a finely 

granu:.ar material . It cannot be used in this form in the 

column since the rate of flow of sodium vapor between fine 

particles at low pressures is extremely slow. It is, there­

fore, necessary to aggregate the material and thereafter to 

crush and classify ito There are two methods of aggregation : 

(1) tc spray a layer of the material about 1/2" deep with 

water or a solution of potassium carbonate and thereafter dry 

it; or (2) to compress it into pellets or lumps of suitable 

size in a press. In the present study, the first method was 

used in most of the experiments . Initial drying of the 

hydrated material, which is preferably in the form of slabs 

about 1/2" thick, must be carried out below 135°C, since the 
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hydrate melts at that temperature. The salt may be completely 

dehydrated by drying for 48 hours at 130° in a Grinnell dryer 

or it rray be dried in a GriDnell dryer for a shorter period of 

time and thereafter in a vacuum dryer at a higher temperature . 

When dry , tlle salt is crushed and classified. Depend:Lng 1.1.pon 

the mete.ad used to aggregate the sal t, its mean density, &1:.: 

packed in & column, varies ~etween the limits of 0 . 5 and O 9. 

The rc:,sults for a series of experiments in which the salt 

was agg regffr.;ed by a ..--2.riety of methods are giver: in 'J:able II. 

~or the most par~, the values given for the density of the salt 

and for the pota.',::iiun contEmt of the alloy, are averages for a 

conside::-abl0 nUiilber of experiments . 

TABLE II 

Effect of Method of K2 C0 3 Preparation on Alloy 

Na 2 /K2C0a = 0.5; t == 625°C; back P • == 15 mm. ; 4-10 salt mesh 
Av.time Av . Den ... 

Exp. Method of Preparation Av.at. % min . per ; s:"_··;y 
Nos . of Sal ts K in alloy 100 g .Na K,, ·'J,J .'l - ~···-

67 - 81 Sheeting paste 96 . 5 33 0,77 
82- 85 Sheeting with sat . sol. 97 . 3 35 0 ', "'2 
44- 55 Spraying fines 95 . 4 34 0, '70 
25- 39 Spray original salt w.H2 0 98 . 5 34 0.57 
40- 41 " !I "w.sat.sol. 99 . 0 40 0~58 
95 Pressed pills 98 . 6 49 0.73 

As may be seen from the table, the potassium content of 

the alloy is not greatly dependent upon the method employed in 

preparing the salt . The alloys from experiments 44- 55, from 

fines rE::covered from grinding salt samples , are consistently 

somewhai, l ow in potassium and this may be significant. The 

same may be true of exper iments 25- 39 and 40- 41, in which the 

original salt was aggregated by spraying with water and with 

saturated potassium carbonate solution; both preparations were 
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highly porous. Of special interest is the result of 

experiment 95 in which the original salt, which was anhydrous, 

was pressed into pellets . This method of preparing the 

salt for use in the colum..11 shu11ld prove highly advantageous 

in practiJa , siuce it avoids the shee-cing and dryin-3 :.;!·0~ess8s, 

both of ¥tlich require considerable labor and equipmcn-~ . 

C; . ll:ffect of Boiler Temperature and Pressure. The 

manner in Mhich the composition of the alloy is influenced 

by the pressure (which depends on boiler temperature) at 

which sodium va~or is introduced into the column is of m~ch 

practical impor-c..ance . Th-3 rate of flow of vapor through 

the C)lum..~ is J_imi teri by the pressura of the vapor. When 

a salt of small mesh or a long column of a coarser salt is 

used, the rate of flow of vapor through the column is 

limited by the density of the vapor. 

rhe results of a series of experiments are given in 

Table III. The salt samples used in different experiments 

had t ne same mesh but were not identical preparat ions; they 

diffe red chiefly in density . In the table, JP is the 

press·1re drop 0f the vapor in passing through the column 

and t he back pressure recorded in the table is the pressure 

in th~ receiver . The pressure drop was nearly the same in 

all e:cperiments . 
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TABLE III 

Effect of Boiler Temperature and Pressure 

Na2 /K2C03 ~ 0.5; salt mesh ~ 4- 6 

Boiler BacL /1 p At . %K Av. 

17. 

time 
Nos. temp . P. :i:m. mm. :!.n all9_Z per 100 g_. Na 

1 - 2 600 2 21 97 - 8 f:iC· 
5-15 5 '35 15 20 96.5 z.5 
17- 18 '140 25 19 96 .6 

•• r. 
I. :J 

19 045 30 17 96.8 20 

As may be seen on inspccti0n of Table III, the composi-­

tion of th~ alloy is not greatly dependent on the pressure cf 

sodium vapor in ~he column. Allowing for the much luwer rate 

of flov1· through t he column at low· pressures, it may bt:3 

concluced that, other things being equal , the alloy produced 

at higter tempGratures (and pressures) is, if anything, 

slightly richer in potassium than is that produced at lower 

temperc tures. Of considerable practical importance is 

the obaervation that the alloy produced at 645° is nearly as 

rich i~ potassium as is that produced at 600°, while the 

rate of vapor flow at the higher temperature is three times 

that at the lower. 

~- Effect of Mean Salt Density . Experimsnts were 

carried out to determine what influence, if any, the mean 

salt dEnsity might have on the composition of the alloy. 

In Table IV are given the results of a series of experiments . 
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TABLE IV 

Effect of Mean Salt Density on Alloy 

Na2 /K2 C03 = 0 . 5: t ~ 0~5~, back p . = 15 II!'TI·; salt mesh= 4 - 10. 

Ex:p. Mean Sal·•, Mim.'"'vOS -'1t . % K 
N:). Density per 100 }T .:.;:-. alloy - g. _,,.,, 

23 0 , 45 37 99 . 2 
3•) 0 .45 40 98 . 9 
27 Oa59 ~:.a 99 . 1 
3 ,3 0 . 5? 25 98.5 
37 0.66 2? 98 . 0 
3t3 0 . 67 29 9? .9 
31:> 0 . ?2 43 98 . 3 
3!) 0.?8 32 96 . 3 

Thnre appbc.rs to be a slight downward trend in the 

potassium content of the alloys as the density of the salt 

increases. The effect is not marked and the observed varia­

tions m£1y be due to accidental factors. That such factors 

exist i~i made clear by the fact that , occasionally, wide 

variations in the potassium content of the alloy ara obtained 

under wt.at would seem to be identical conditions of opera-

tion . The nature of the factors that give rise to such 

variaticns will become clear from results to be presented in 

a later s8ction (V) of this report. 

E, Effect cf Particle Size . It might be expected that 

the particle size of the salt in the column would have a 

marked influence on the efficiency of ths column as a 

fractionating device . ~xperiments were carried out to deter­

mine whether or not such is actually the case. The results 

are givea in Table V, A and B. 
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TABLE V 

Effect of Particle Size on Alloy 

K2COs 
Me.:;h 

4-.}0 
3/~0 - 6 

3/g1t_5 
l/B"- 6 
1/2"-6 

A. t :: 625° 

At. % L 
in allo,Y 

98 . 4 
95 . l 

96 . 8 
98 . 9 
96 . 6 

1'": ' 4. 
j_QQ 

34 
20 

33 
34 
31 

Pv-~ 
g. Ha 

Av. Salt 
Dens _;__t_z,_ 

0 . 70 
0 . 68 

o. 73 
0 . '71 
0.65 

The siz0 of the salt particles has little or no eff0ct 

on the composition •Jf the. alloy. Experiments 45- 55 yielded 

19 . 

a riGher alloy than clid vxperiments 57 -59 , but it is to ':..u 

notad that in the latter reactions, the rata of flow of sodi~:1r_ 

vapor was much high8r than in the former . In the expcri-

msnt!; tabulated in Tablu V, B) the temperature ( and pressure) 

was ~:o regulated as to maintain the sam£ rate of vapor flow 

through the column. Herc, experiment 63, with the larger 

partjcles, yielded a richer alloy than did exp~riment 60 

with smaller particles. On thb other hand, in experiment 

64, c duplicat~ of 63, the alloy had practically the same 

compcsition as that of experiment 60. It may be concluded 

that, exc~pt as it influences the rate of flow of metal 

vapor , th~ size of the salt particl~s in the column has 

little influenc& on the composition of the alloy. This is 

an important result since, if the rat~ of the reaction is 

to be stepped up, it is necessary to employ the salt in the 

form of large particles in order that a high rate of vapor 

flow nay be obtained . 
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rv. STUDY OF THE K2C03 RS!ACTION IN Uu~GER COLUl\NS 

:\.. Action of 5 . 5' Columns. A number of reactions were 

carri ad out ~mploying salt columns 5.5 1 long. The columns had a 

diameter of 3" and '1r3t>e, provided with an extc.rnal boiler at 

the b)ttom. From th boilvr, the vapors passed through tubes iri .. 

to an anular er-amber surrounding th~ bottom of the sqlt column. 

From the chamt,.i' , the vapcr :passed through holes or slot.s 

into the salt column proper . rhe columns were providec. iii th 

a spucial closure at the bottom through which the convert~d salt 

could be ompti~d when the reaction was completed. Tho method 

of introducing vapor into the column did not prove entirely 

satisfactory, sincG th~ resistance to the flow of vapor ~hrough 

small holes or slots limit0d tht: rate at which sodium vapor 

could be passed through the column und~r given conditions of 

temperature and pressure of the boiler . The slotted arran6c­

mont was the more satisfactory of the two and pdrmitted of 

a fair rate of vapor flow. 

With the first column, in which the, vapor was introduc06. 

through small holes, the reaction was studied largely from 

the point of view of the temperature and pressure of the 

boiler and the size of the salt particles. The results are 

gi vur.. in Table VI. 
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TABLE VI 

Results with First 5.5 ' Column 
Rate g. 

Exp . Salt Lbs, % Salt Lbs. At . fJ K Boiler Na per 
No. 11esh K2 CC' >3 Reacted Alloy in Alloy Temo. min. 

1 4,-10 13 . 4 61.7 4,25 9': . 2 635 8 . 0 
2 ~--10 12.9 71.5 3.94 97.3 65:::'. 8 . 5 
3 4--8 12.~ 67.2 4.68 06.5 64Z 6. E, 
5 4 ··8 12 o I~ G7 . 2 4, 75 95.5 637 '/ . 
6 4-6 12.2 65 . 0 4.52 98.0 642 e r~ 
7 4 - 6 9.7 67.5 3.81 97.3 6L.:-3 8.1 
8 4 - 6 9 . 4 67 3 . 56 96.9 64C 9.0 
9 4-6 10.f 67 4.06 96,7 649 8.5 
10 4 - 6 10.4. 66 . 8 3 . 94 96.8 637 8 . () 
11 3/8-6 8.8 68 3 . 38 95.6 641 8 C 
12 3/8- 6 10.SI 67.8 4.19 95 . 9 623 6,2 
13 3/8-6 11. '7 50.5 3.38 97.9 637 8.~ 
1 4 3/8- 6 11.6 88 . 7 5 . 56 94.8 630 9.5 
15 3/8- 6 11 . 6 67 4.19 96.0 642 10 .r. 
:,.6 3/8- 6 11.7 54 4.13 96 . 6 642 9,6 
17 1/2-6 11.7 67.2 4,38 95.4 646 8.4 
18 1/2-6 9.7 74.6 1.56 97 . 1 645 7. 5 
19 1/2-6 11 . 6 67 . 3 3.88 96 . 0 642 10,9 
20 1/2- 6 11.1 67 . 0 3.88 96.3 648 10,2 

The results, on the whole, were quite encouraging. ~ifith 

an equivalent Na2 /K2 C0 3 ratio of 0 . 89 (% salt rbacted, col. 4), 

the alloy had a composition of 94 . 8 atom percent of potassium. 

while, with a ratio of 0 . 67 , thu composition of the alloy rangsrJ 

from 95.0 to 98.0 atom percent of potassium. . Th0 results indicatv 

that , V>i:!. th a column of this type , as much as 90% of the potassiu!r. 

can be recovered from potassium carbonat8 in the form of an 

alloy containing above 90 atom percent of potassium. The 

results were not gr~atly influenced by the particle size of the 

salt used in the column. The rate of vapor flow could not be 

stepped up to the desired value because of the throttling 

action of the openings between thG boiler and the reactor. 

As stated, a second column was constructed in which the vapor 

from the boiler was carried into the reaction chamber through 

slots about 1/16" wi 
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these slots was markedly smaller than that of the openings 

in the first column but they still ~xerted a marked 

influence 1..:po1;. the flow of vapor . 

22. 

A se::-ies of reactions was carried O'.lt in which the 

equivaleJt ratio of sodium to salt was varied between 0.5 and 

1 . 0. ThG results are presented in Table VII. 

TABLE VII 

Results with Second 5 . 5' Column . (1/211 -6 mesh) 
Pate B· 

Exp. Lbs % Salt Lbs. At . %K Boiler Dack iJa p ,:: 
No. K2CJ3 ~~eacted Alloy in Alloy Temp . P:-es. mi: •. -----

1 12.3 67 4,50 96.0 640 15 6-1'7 
2 12.4 67 4.38 95.0 640 15 17, l 
3 12 ,4 80 5.44 93.0 640 15 16, 0 
4 11.8 50 3.10 97.1 637 15 14.8 
5 11 . 8 100 6.25 90.0 650 15 20. :-; 
6 11.3 67 3.69 9b . O 635 10 ].8. 0 
? 11.3 67 3.81 95.7 632 10 19 • (l 

In these experiments, the rate of flow of vapor through 

the column was approximately double that with the first 

column. The results were substantially the same as those 

the first column al though, perhaps , the alloys were slightl:, 

lesE rich than in the case of the first column. For an 

equivalent ratio of 0 . 67, the values average slightly under 

96 a tom percent of potassium as against values slightly above 

96% in th8 case of column l . With an equivalent s_odium salt 

ratio of 0.5, the alloy contained 97 . 1 atom percent of 

potassium. With an equivalent sodium salt ratio of 1 . 0 , the 

alley contained 90 atom percent of potassium. Taken altogether, 

it Iltay be concluded that' a column of this type should serve 

to furnish potassium alloys containing from 90 to 95 atom 

percent of potassium on an economic basis. 
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13. Experiments on Enrichment of the Alloy by Means of 

5.5' Column. It was thought that if alloys containing 90, or 

more, atom p1::rc9n~ of potass ium -Nere vaporized and passed 

through a ti.11 t column, they might be 8nricl1ed to such an extent 

as to serv-:> as e. meant' for producing practically pure potassium, 

A ser:.e;3 o!· reac~ionc was carriecl out -..1sing the second col·.u-· .. 

in wh~.ch sodium-potassium e . .L:oys containing approxima;:,ely :-35 

atom 1,erce:.:.v of 1->otas;:;ium were vaporized in the boiler and 

passec. thr.::• ie;h "vhe c"lumn. The results are given in rabl~~ --rir,: 

r:I'ABLE VIII 

Experiments on Enrichment of Alloy in 5.5' Column 
A i~. % 

3xp. Lbs. of Salt Salt Column Boiler Rate K ,_n 
No. Na o:r Allo;l Mesh ~ Tem:2. Tem12. _g.Lmin . ~,;_·_:ti.. 
1 4 .23 alloy 1/2-6 f'resh 625 500 4.7 ~r:-.. 9t 
2 4.23 " ff as in 1 625 545 11.7 t6b 
3 4.23 II 4-6 :fresh 625 550 10.? S7.2 
~ 4.23 " " as in 3 5?5 545 11.7 <Bu 
5 4.23 II n " 625 550 11.7 <"88 
6 1.67 Na II II 650 645 12.7 <88 
7 1.71 Na 1/2-6 Fresh 650 630 11.9 9" ,, . Av. 

·· ~ icf7 
8 1.50 Na II as in 7 650 625 16.9 ~ 0 .3 )88 
9a 1.41 alloy It Fresh 525 550 1 5 . 9 < er=: 
9b 1.81 II It as in a 625 645 12.4 < 88 
9c 1.41 " " as in b 625 540 12 .5 (' 88 

10 1.89 Na II fresh T550 645 97.2 
11 2 .03 Na II II T575 630 13.0 96 .. G 
12 1.3 Na " II 650 615 15.0 (88 
13 2 .82 allo:r " II T550 545 21 98 
14 2 .82 II " as inl3.·T550 525 10 96.8 
15 2.82 II " fresh T550 525 7.1 98 

As en examination of the table will show, the results of 

these experiments indicate clearly that the expected enrichment 

of the alloy did not occur. In experiment 1, in which the rate 

of flew of vapor was less than 5 g./min., the condensed alloy 

contained only 96.9 atom percent of potassium. This was a less 

rich alloy than that obtained, for example, in ~xperiment 7, in 

which pure sodium was used. It is true that some enrichment 
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did oJcur, but the enrichment was far below that which might 

have been expected from the results obtained when pure sodium 

vapor is _p1:1 .... sf:~• into the column. I~ expo.;:iments 2, 4, 5, 6, 9 

and 12 , th~ alloy contained 2.~,ss than 88 atom percent of 

potassillli In some cases , it was observed. that the :1'resn salt 

operci.t;.;Jd ii.LC.Co efficiently than t1id salt over which vapor ·,':, :.:•, 

a pre JeQ.in~ lot of alloy ha•.': ":)een passed. For example , i ~' 

experiment 3, th::, reljovered alloy had a composition of 97)2 fftom 

perce:1t o.::: pota.ssiU!r. while , in experiments 4, 5 and 6 . using 

the iientical salt as in 3, the alloy contained less ~han 88 

atom percent of potassium. Somewhat the same result was ob­

t a inel in experiments 7 and 8, in which pure sodium was used. 

Jn examining tha results uf the table carefully, it lrU.~ 

be foind that the governing factor that determined the compo­

sition of the resultant alloy was the temperature at the top 0~ 

the CJlumn. In columns 5 and 6, are given, respectively, the 

temperature of the column and the temperature of tho vapor i~ 

the bJiler before entering the column. Up to experiment 10, 

the silt column was maintained at a uniform temperature along 

its l ength which temperature ranged from 575° to 650° . In 

experiments 10, 11, 13, 14 and 15, the temperature at the to1, 

of th3 column was reduced to 550°or 575°. The letter T before 

the t3mperature value in column 5, indicates that this 

represents the temperature at the top of the column, The temp­

erature at the bottom of the column was maintained at 650° in 

ull cises with the exception of experiment 15 in which it was 

575°. The temperature of the boiler ranged, for the most 

pnrt, from 545° to 645°. Except that the rate of vapor flow 
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thro~gh the column was greater at higher temperatures, the 

boiler temperature had little influ~nce on the result • 

It will b•., noted that in oxper .:.nients l.O a.,d 11, using 

25. 

pure sodi"..:.:::. and maintainin'$ thv top .,f the column at 550° and 

575°, th~ alloy obtained had a ~ompositio~ of 97 . 2 nun 9o n atom 

pt;rc 3m, of 1-'otassium, rcspecti vely, ·,vhile in experimw1t 

VJher:: the •·!'ltire co1·'.Il1Il wo.s maintained at a tempera·..,_re u! 65,) 0
, 

the alloy colloc.,ted contained less than 88 atom percent ui 

pota:rniun:. . In expv:-imonts 14 and 15, whore the bo.t16r tP-mpe:!:'>.·· 

ture was dropped to 525° , the alloys collected contained U6 . 8 

and \)8 ato!ll percent of potassiwn, respectively. In experime':1, 

13, ulth the top of the column at 550° and the boiler at 545°, 

and J>assing alloy through i:;he column at the ra to of 21 g, /1.Ji.;-i. , 

the c.lloy collected contained 98 atom percent of potassium. 

The results obtained in thu experiments described in this 

:Jection cl0arly indicate that the temperature a t the top of t.L 

colurrn has a critical influence upon the composition of ~he 

alloJ which is collected. This observation led to 8. mor,) 

detailed examination of the mechanism involved in the en~i.chment 

process of the salt column. The r esults of this study are 

given in the following Section. 

V . MECHANISM OF THE ENRICHMENT PROCESS IN THE SALT 

COLUIDr AND RESULTS WITH AN IMPR01GD COLmm 

!\. . Meehan ism. In the light of the results of the 

precojing Section, it seems clear that the enrichment of a 

sodiun-potassium vapor in passing t hrough a salt column is 

not p.rimarily due to dir1:3ct interaction between the vapor and 

the salt phasc:. What seems mor8 likely is that when the not 

vapor strikes the salt {at a lower temperature) , it condenses 



• 

DECLASSIFIED 
26. 

on thE salt and a r eaction takes place between liquid alloy and 

solid salt with the enrichment of the alloy in potassium, It is 

known that sodi:.ll!l. and potassium, as 'N~ll as the ·(r alloys, wet 

salts very .:-eadily. The heats of vaporization of sodium and 

potasEiuP1, both 7ery high, are very nearly ~quul nnd . the~P is 

evider:ce that the heat of formatior.. 0 ~' .i;.,otassium carb(lnat : 1:: 

slightly higher than ·,;hat of sodium carbonate . Ther-,J.::'ore: .9.s 

reaction proceeds, th8re is a slight cooling effect duet~ 

the; reaction itself which tends to maintain liquid al~.oy 0'1 th,. 

surface of the salt p~rticles . 

Eome earlier inve stigations, carried out with a small 25r 

columr.> in which the temper ature controls were by no means as 

effective 9.S they were in the larger column, are significa:~",-

in cor.nection with the enrichment mechanism. Reactions were 

0arriEd out in which 0 . 5 atom of sodium per mole of potassium 

carbor.ate was vaporized and passed into a column of potassium 

carbor.ate 25" long . When the reaction was completed, the salt 

was taken out in sections and anal yzed for its content of' 

potasEium, 

~he results are given in Table IX and are shown graphically 

for e~periment P- 13 in Figure 1. 
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Distribution of K2 C03 in Salt Column after Reaction 
with 0.5 Atom of Sodium ~er Equivalent of K2 C03 

Salt. 
Temp. 

At. % K 
in Alloy 

Distance of Salt Sample from Na 
boiler, inches 

1 3 4 5 7 9 10 J l 

Mole 'fE KgC0~ in Salt 

Pl3 550 99.4 0.5 3.0 14.,4 
Pl4 600 98.7 C:.G 5.4 14 .. G : · .c. 6 
P8 650 98.5 o.o 0.2 9.6 -C:-4 . 0 

Dist.1nce uf Salt Sample 
from Na boiler, inches 13 15 16 19 22 ') r;_ 2L:. '-,.:) ✓ -

Mole ~ K2 C0~ in Sr:lt 

Pl3 550 99,4 57.0 85.5 94.6 ,) ,, .l 
Pl4 600 98,7 44.0 79.2 90.8 '07 :, 1 
P8 650 98-5 69.5 88.2 92.9 94.8 96.l 

.\.S may be seen from the table and Figure 1, the change 

from _;,racti cally pure sodium carbonate to practically pu:-(J 

potas3ium carbonate takes place within a reaction zone ap­

proximately 10" high. Sj:z: inches above the boiling chamber , 

the s ,ut is practically pure sodium carbonate and two inches 

below the top of the column, the salt contains 97.5 mole percent 

of po·~assium carbonate. In a space of six inches (10" tc 1611 

from -~he boiler), the potassium carbonate content of the salt 

incr0ases from 7.5 to 87.5 mole percent. It seems clear that. 

in tht3 case of these experiments, the sodium which was vaporized 

at a -~emporature of 550° condensed on a zone of salt in the 

lower part of the column and that in the major portion of this 

react:.on zone, the salt was at all time wet with metal. The 

enric:1Inent process consisted in a series of condensations 

and vaporizations of the metal in the reaction zone. Such a 

mechanism serves to account :for the high enrichment factor of 

the Cl)lumn. 1Nhile vapor interacts with the salt in passing 
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throu:91 a column of salt particles, the rate of flow of the 

vapor is so high that there is not time for the cmrichment 

proce3s to occul' to a significant ex~ent . 

3 . Operation of an II.:f.2_.~oved Column . The 5 . 5', 3 11 column 

was a stationary one with a boiler attached to one side of the 

colum.:1 at the bottom and an arrane;smunt whereby the salt, c.ft-.~.• 

complntio:: of the r8action, could be emptied out th::-c•ugh ~ho 

botto11. In ord?.r to test the mechanism of the enrichment pro­

cess, it was necessary to have a column in whicl. excvss sodium 

cond0nsed in the column could run back into the boil(;r . At th•~) 

same time, it was necessary to have a column which could be 

removod from the furnace and emptied . AccordinBlY, a 40" 

columr, of 1 - 1/211 dio.meter, which had been used earlier in 

connec:tion with the experiments recorded in Sec ti on III , was set 

up anc provided with temperatur& controls in three units -

bottom, middle and top . The salt in this column rested on a 

coarsE screen which permitted any sodium collecting at the 

botton of the column to flow back into the boiler . 

tsing this column , initial experiments were carried out 

to determine whether an alloy containing 85 atom percent of 

potassium could be passed thr ough the column and successfully 

enriched . In one such experiment , an alloy of 85 atom percent 

of potassium was passed through the column; the metal which 

was collect6d in the receiver was found to melt at 63 . 2°0 . 

Metallic potassium. melts at 63 . 5° so that the alloy was 

practi~ally pure potassium.. Thereafter, experiments were 

carriei out to determine whether satisfactory alloys might be 

obtain;}d when as much as 90% of the potassium. carbonate was 

reacted vn th sodium. The results of such a series of 
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experin~nts arG ~iven in Table X, wher~ the boiler temperature, 

which is de~Jrmined by the back pressure in the condensing 

system, is cive~ in the second column , the T.emp Jrature a t the 

bottom of .;'.·10 column is e,i . -..,;:, i:,1 the third column and the temp-

8ratur~ of the top of the column in the fourth column . 

columr1. 5 of the table is g iven th1:- _percent of potassiurr.. cn.:.'bon ..1. ~ '--' 

reacte :l.. anrJ in colum:..1 5 , the atom percent of potassiu.r .. in •~he 

alloy. 

TABLE X 

Results with 4.::;n Col umn; Liquid -Soli d Phase Reaction 

Exp . Boil er iJolumn t Column t % K2 C0s At,% K 
No . Temp. :1.t bo-c,tom at top Reacted In AlL:.:~ 

7 610 615- 620 530- 515 92 98 .0 
.8 605- 615 Gl5- 620 505- 515 90 9S,7 
9 605- 610 575 495 95 93.4 

10 605- 615 615- 620 525 84 96 . l 
11 600- 615 615 525 84 94.3 
12 615 61 5 500 85 94.9 
13 620- 625 615 475 92 97 . 5 

~s may be seen from the Table, from 84}{,to 95% of the 

car bon~te wa s rea cted and the all oys obtained from these reac~:ons 

contained from 93 . 4 to 98 atom percent of potassium. Some alloJJ­

ance must be made for uncer tainties in the temperatures , slnc f: 

the t onperatures as recorded were obtained by thermocouples out ­

side the column which had an external di8I!leter of about 2·1 and 

which was contained in an a l undum core having an internal 

diameter of 4". Experiment? yielded an exceptionally good 

alloy as did also experiment 8 , where 92% and 90% conversion was 

effected . In all likelihood, the top of the column wa s somewhat 

above optimum temperature in most of the experiments . In experi ­

ment 13, the top of the column was kept at a temperature of 

about 475° and an alloy containing 97.5 atom percent of potassium 
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was obtained with 92% conversion. In these experiments, 

most of the sodium came off toward the end of the operations , 

sincn samples taken of the condensate were l iquid (containing 

less than 90 atom percent or potassium) . In order to carry out 

this reaction, at its best, the column should be provided with 

a reflux condenser at the top so that liquid potassium could b8 

kept flowing downward over the salt in the column as the 

proc~ss of distillation goes on. It did not seem worth while 

to CE.rry out such experiments at the time, since it vvas proposed 

to cc,nstruct a new and larger column which had n greater degree 

of fJexibility and control than that described above . This 

colunn is now in operation at the Naval Research Laborator y . 

It mey be safely concluded that the effectiveness of u salt 

colunn as a means of obtaining a highly enriched alloy , depends 

upon maintaining the temperature of the salt at such a value 

that it is constantly covered by a layer of liquid metal. 

VI. VACUUM DISTILLATION OF Na-K ALLOYS IN PACKED COLUMN 

It seemed worth while to investigate the possibility of 

obtaining metallic potassium or potassium rich alloys by dis­

tillation of less rich alloys in a packed column. If such a 

column should operate effectively at lower pressures, it might 

be used in combination with a salt column to effect practically 

complete separation of potassium from sodium. There are several 

advantages in operating such a column under reduced pressures . 

In passing from 800° to 550°, the pressure ratio of the vapors 

of potassium to sodium is nearly doubled, that is, it increases 

from 3 . 3 to 6.4. Moreover , at lower temperatures, corrosion 

effects are minimized . It was anticipated, therefore, that 
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at lower pressures, th0 colur.m would operate with maximum 

efficiency. 

31. 

A. Description of ColULID, 

will be evident from Figure 2. 

The general pLm of tho column 

The column was constructed of 2" 

external diameter stainless steel tubing havinB a wall thickness 

of 1/:::..51t. At the bottom, it was provided with a horizontal, 

cylindrical boiler 3pproxiI!lately 10" long and having an intornal 

diam0ter of 4n. At thcl top, the column was providud with a coil of 

of 1/8" stainless st-301 pipe through which air could bo blown to 

condcns0 a portion of the metal vapor and return it to the 

colun:n. Attached to the condenser was n receiver provided with 

a nurrber of contact points by mo,ms of which the amount of motal 

collected could b~ me ~sured as distillation proceeded . Provision 

was rrade whereby small samples could be to.ken for purposes of 

test. The alloy was injected into tho boiler under a pressur0 

of nitrogen. The amount of metal introduced into the boiler was 

determined by a movable contact point, sho~m in Figure 2 but 

not lettered. The temperature of the liquid in the boiler 

was determined by means of a thermocouple in the thermocouple 

well A and of the vapor in the boiler by means of a th~rmocouple 

in tl:0 well O. Thermocouple wells were distributed along the 

colunn at intervals of 611 , beginning 611 from the bottom of thG 

packjng. A thermocouple was provided which could be moved 

along the outside of tho column in order to determine the 

temperature at any point of the column. Air was passed through 

the condensing coil at the top at a knovnrate and th0 amount of 

condensation effected was determined by computation from tho 

temperatures of the incoming and outgoing a ir. Tho tompernturo 



3 .. A Ju.n ,/vm 
31z • H,· - Temp 
l f'z- M6911cu·• 

#d-K /)/.5TILLATION 

~ ·u,,,,,,s c,.,.,1 ~,,,_ 

WfTIUte••• .,,,.,,,a, 

ALLOY /JOT 

AEC£/V£JI 

/J 

/ 
21{ F,,~ 8,,-ck 
2 Si - H,· -Tur,p 

U_. 

'I S .S. 
V1lll't 

11[.SIIJVC AlC{IY£R _ _ _____,_ 

DEClASSlflED 

T 



DECLASSIFIED 32. 

of th£ column was controlled by means of 6 coils of Chronol wiro 

wrappEd on a 4" alundUB coro surrounding the colUl'.!lllj the boiler 

was hcatod by moans of two Globar elements . Baffles w0re attached 

to thL outside of the column to avoid undue circulation of air 

in th~ space bGtween th0 column nnd the surrounding alundum core. 

'Il:.e packing rings were made of 3/Stt lengths of 3/8" O.D, 

steal tubing of 1/16" thickness. These packing rings rost0d on 

a disc which was perforated with 1/4" openings. 

E. Operation of the Column. After evacuating tho column 

Qnd filling with nitrogen to a desired pressure, 900 or 1000 cc. 

of an alloy containing 45 atom percent of potassium were intro­

duced into the boiler. The column was heated to n temper~ture 

approximately 25° below tho boiling point of potassium at thu 

pressure at which distillation w~s to bo carried out. Onco 

th~ column had come to the desired constant temperature, tho 

prcssur~ was reduced to the desired v~lue and held constunt 

by mdans of a manostat . Additional heat was applied to tho 

boiler to vaporize approximately 10 g . of metal per minut e c.tnd 

air (approximately 8 cubic feet per minute) was passed through 

the coil of the reflux condenser. 

T~e temperature of the alloy in the boiler gradu&lly rose 

until it reached the boiling point of the initi~l a lloy 

(45 at)m percent -K). As the vapors rose in the column, tho 

thermo.Jouples distributed along its length indic,'Jt ed when the 

va por Level reached that point in the column. When the vapors 

reache,1 the reflux condenser, there was a rise in the t empera­

ture o·" tho air flowing through it. The rate of air flow was 

then rc:d•J.ced to approximately 1 cu.ft./min., which corresponded 

to the condensation ofa_pproximatoly 4.5 g . of potassium per 
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minute . Since the heat applied to thE; boiler vvas s uch as to 

vaporizo anproximately 10 g . of sodium por minute, this allow0c1 

apprc,ximataly 10 g . of potassium to p2.ss on into the condonser. 

It mt.y be stated that the heat of vaporization of sodium i.s 

a.pprcxi:r-iately 870 cal.jg, and that of potassium approximat0ly 

460; the molar heats of vaporization are , rospoctively, 20,000 
~ ~ .... 0 

and 18 , 000 Calories. 
" 
Samples were tuk~n of the initi.ul distillato, an well 

as of the distillate aft er th0 condonsation of every 100 cc. of 

a llo;y. The composition of the alloy was determined by to.l{ing 

melting point curvGs. The melting points of these alloys have 

been carefully checked by chemical analyses in this laboratory; 

~he rrBlting point of pur~ potassill.I!l is 63.5°C. Distillations 

wer~ carried out at 15 mm., 50 mm. and 100 mm., resp0ctivoly, 

The initial alloys in all cases contninod 45 atom percent of 

potassiun1. 

The r esults ar0 given in Table XI, A,B and C. In the 

first column, is g iven th,;;1 number of the sample taken, in the 

second , the cubic centimeters of distillate colloctud up to 

the point of sompling , in the third, the melting point of 

the srunplo and, in the fourth colUJ11..n , the atomic percc:mt of 

potassium in the distillate . 
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TABLE XI 

:~esults of K- Na SGpnration by Means of Packed Column 

A. 15 mm. pressure , 1000 cc. of 45 atom% K Alloy 

Sample 
No . 

1 
2 
3 
4 
5 
6 
7 

Cc. of 
Distillate 

20 
130 

(240) 
350 

(460) 
570 
680 

M.P. of 
Sample 

Liquid 
57 . 6 
62.7 

63.3 
62 . 9 

Mushy 

At. % I'.: of 
Distillate 

< 85 
97.4 
99.6 

99.9 
99.'7 

20 

300 cc . ~esidues (m . p. - 97°, pure sodium) 

B. 50 mm. pressure , 900 cc. of 45 atom% K Alloy 

1 
2 
3 
4 
5 
6 
7 

10 
120 
230 
340 
450 
560 
670 

61 . 3 
63 . 0 
63 . 0 
63 . 4 
63 . 1 
63.1 
89 . 0 

98.9 
99.8 
99.8 

100.0 
99.8 
99.8 

2 . 0 

200 cc . Residues (solid but no m.p . t ak en) 

C. 100 mm. pressure , 900 cc. of 45 atom% K Alloy 

1 
2 
3 
4 
5 . 
6 
7 

10 
120 
230 
340 
450 
560 
670 

Liquid 
Mushy 
61 . 8 
63 . 4 
63.5 
63.5 
89 . 3 

85 
95 
99.2 

100.0 
100. 0 
100.0 

2.0 

200 cc . Residues (solid but no m.p. taken) 

34 . 

On examining the table , it vvill be noted that the first 

two or three samples contained a considerable &mount of sodium. 

The reason for this is that in pr eceding experiments, sodium 

vapcrs were carried into the condensing system of tho column 

md these were not completel y removed before starting the next 

experiment. This sodium, therefore, contaminated the earlier 

sam~les but, once this sodium was washed out, later samples 
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repros3nt correct values. 

I ·:; is evident that practically complete separation between 

sodium and potassium was effected at all three pressures. The 

column operated som.ev1hat more effectively at the higher pres­

surGs ;mt, nevertheless, even at 15 lllil'.l, , the separation was 

practically complete. The sixth sample t aken (Table XI,A) 

analyzE~d 99. 7 atom percent of potassium and the sevanth, 20 atoll 

percent of potassium. Tho residual metal in the boiler had a 

mel tin&; point of 9? 0 and was pure sodium. At 50 mm. pressuro, 

where ~100 cc. of alloy were distilled, a practically complete 

separaiion was obtained between Sffi11plos 6 and?. Sample 6 had 

a molting point of 63.1°, correspondine to 99.8 aton percent of 

potassium, 'Nhile sample ? had a melting point of 89° , corres­

ponding to 2 atom percent of potassium. In this experiment, 

even tbe earliest samples were practically pure potassium; in 

this ca se, the condenser tube had been washed out by boilint pure 

potassium through the column until the sodium had been practictllly 

completely removed. 

At 100 mm. pressure, the results were equally satisfactory. 

Sample 6 had a melt ing point of 63 . 5°, which corresponds to pure 

potassi.1.m, whilG sample 7 r:.elted at 89.3°, which corresponds 

to 2 atJm percent of potassium. 

Th3 recovery of potassium in the second and third dis ­

tillati)ns was practically complete; the recovered potassiu.w. 

weighed 465 g. as against 456 g . conputed from the weight of 

tho original alloy. Volume measurements were not better than 

several percent. 

A hetter idea of th0 effici ency of the column ro.ay be gainod 

by exam~.ning the temperatures at different points in the column 
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as distill ation proceeded . The temperature records of the 

various th~rmocouples in the col umn (indicated on Figure 2) 

are shown on plates 1, 2 and 3. On plat~ 1 , are shown the 

36 

recor::!s 01"' the thermocouple A in the boiler lic1uid, the thermo­

coupl8 O in the boiler vapor and the thermocouple 1 in tno 

colw.:ir,. at a point 6" above the boiler. On plate 2 , are ahown 

the r :}cords of thermocouples 2, 3 and 4, located at 12" , 18" 

and 21" frorr the boiler and on plate 6 , are shown the records of 

therm:)Couples 5 and b located '.30" and 36" from the boiler. 

Coupl3 No. 6 is right at the top of the packing and indic~tes 

the t3mperature of the effluent vapors . For purposes of 

compa::-ison, the boilin~ temperatures for potassium, sodium and 

45 at,Jm ~)ercent of ;iotassium alloy are given for 15, 50 and 

100 nnn. 9ressure , in Table XII. 

TABLE XII 

Bl)iling Point8 of Potassium, Sodium and 45 at. 5& K Alloy 

:?res sure 

15 mm. 
50 mm . 

100 mm . 

Potassium 

465° c 
535°c 
580°C 

Sodium 45 At.% K Al~..2,l 

5?5°C 
525°C 
'700°0 

500°C 
575°c 
625°C 

1rurning to plate 1 , boiling began at a point indicated 

on th1, plate where the same temperature was recorded by the 

thermocouples A and O. As distillation continued, these 

two couples recorded practically the Sfill.e temperature and at the 

end o:~ thirty minutes , the temperature betan to rise gradually 

as di1,tillation proceeded . The first sample of 10 cc . was 

taken off 23 minutes after boiling began and a total of 120 cc. 

had d :.stilled when the second sample was taken off at the 

end of 32 minutes. At the end of '78 minutes , when sample 6 

was tc.ken 
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reachej 700°, which is the boilin~ point of sodium, under a 

pressure of 100 mm. Sample 7 , which consisted of practic::1lly 

pure s )dium (2 at. ~b K), was taken off at the end of 92 minutes. 

T1ermocouple 1, wtose record is shown on plate. l,reached 

a tempsrature of 575°; the boiling point of metallic potassium, 

a few idnutcs after boilint.:> began and maintained this temp3re.ture 

until :1.t the end of 63 minutes, ·when sample 5 was taken off. 

From t .1is point onward, the teL1:rie::rature of thermocouple 1 rose 

slmvly for about 5 minutE::s and then uore rapidly until, at the 

end of 78 minutes, when sariplo 6 was taken off, its temperature 

was 6815°, only a few degrees bolow that of the boiler. From 

this p•)int onward, couple No. 1 recorded R temperature ranging 

from 6135° to 695° until the run was completed. 

'furning now to plate No. 2, on which appear the records 

for therI!locouples 2, 3 and 4, it will be observed that as 

potass:.um vapor rose in the column, the temperature of the 

couplen, at intervals of a few minutes, rose,one after another, 

to 575°, the boiling point of potassium. This temperature was 

mainta:.ned by all three couples until sam_')le 6 was taken off 

at the end of 78 minutes. Just shortly before this time 

( 4 minl,tes}, the temperature of couple 2 broke sharply ancl its 

teraper1::.tu.re, in less than one minute , rose froru 575° to 6?5°; 

couple No. 3 followed just a few minutes later, shortly before the 

sample was takeno The temperature of couple No. 4 rose sharply 

to G75c just a minute or two after sanple 6 was taken. All three 

coupleE maintained a temperature in the neighborhood of 675° until 

the rur: was completed. Considering now, plate 3, bearing 

the records of couples Nos. 5 and 6, the temperature of No. 5 
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rose t) 575° some 8 minutes after the sodium began to boil 

and co·1ple No. 6 rose to the same temperature some 4 minutes 

later . Thereafter, both couples maintained a temperature of 

575° u:.itil,at the end of 83 minutes, the temperature of couple 

No. 5 :rose Ehar_ply to 690° and couple No. 6 followed about 2 

minute 3 later. Both couples maintained a temperature of ':, .30° until 

the ru:1 was completed when sample No . 7 was drawn off. 

B3aring in mind the results recorded in Table X, according 

to whiJh sample No. 6 consisted of pure potassium and sample No. 7 

of practically pure sodium, it is apparent that when sample No. 6 

was dr:1.wn , the potassium had been almost completely separated 

from tae sodium. At the point of couple No. 4, 12" below the 

top of the packing, the temperature was still 575°, as r ecorded 

on plate 2 . About 5 minutes were required for the sodium to heat 

up the packing and the enclosing cylinder between couples 4 

and 6. The sodium vapors at a temperature of about 700° reached 

thermocouple No. 5 in 3 minutes and about 2 minutes l ater, 

thermocouple No. 6 . Subsequent to this time, some 7 minutes, 

practically pure sodium was distilled out of the column. This 

was collected as sample No . 7 which had a melting point of 89.3° 

and contained only 2 atom ~ercent of potassium. 

It will be noted that the only couple which showed a gradual 

rise of temperature as the distillation process approached comple­

tion, was thermocouple No. 1 , located in the packing 6 11 above 

the boiler. In the case of all other thermocouples, the 

tempera ture rise was abrupt from 575° to above 675° in 2 minutes, 

or less. This means that , as the metal in the boiler became 

very rich in sodium, the separation toot: plo.c0 , for the rnost part, 

within the r'irst 6" of the pack~ing; certainly in less than 12n 
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of tho packing. It would seem, therefore , that a packed 

columr. 12" .in length would be adequate for separating potassium 

from ~odiu.--n -

Eome f'·rrther evidence as to the surprising efficiency of 

the cclumn 1 8 afforded by the temperature recorded by thermocouple 

No. 8 whose position could be changed, at will, to any _po ..: rrc of 

the cclumn. This thermocouple was not connected to the recorders 

at all times but was cut in from time to time; the record of 

its tempera ture is shown on plate 1. The points shown on the 

plate as C, 2 - 9, are the temperatures recorded at distances 

ranging from 2" to 9" from the bottom of the cylindrical column 

or from l" below the packing to 6" above. Points marked C- 2, 

v.rith the couple just below the packing but outside the column, 

show a temperature of appr oximatel y 580°, some 1~0 - above the 

temper=1ture of couple No. 1 which is at the temperature of 

boilins potassium. At C- 3, which is right at the bottom of the 

packing, the temperature is from 5°to 10° above that of couple 

No. 1. At positions C- 4 and C- 5, which are , respectively, l" 

and 211 above the bottom of the packing, the temperatures 

record3d are just slightly ubove 575°. At C- 6 and C- 9, t.!Ernocouple 

No. 8 ::-ecorded temper·atures practically the same as those of 

thermo,rnuple No. 1. After taking off sample 5, the temperature 

recorded at C- 6 is at first slightly above that of couple No. 1 

and thoreafter is practically the same a s that of couple No. 1. 

The conclusion to be drawn from the variation of the 

temperature of couple No. 8,at its different positions,is that, 

in the early part of the distillation process , while the alloy 

was st jll relatively rich i n potassium, the fractionating process 

was alloy in 
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the b1)iler became depleted of potassium, it required a greater 

length of packing to effect the separation. But even in the 

extreis1e cas f"3 , where the potassium content of the alloy had 

reachod extremely l ow values, not moro than 12" of packing 

was rnquired to effect complete separation of the two meta.ls. 

VII P0SSIBL:.£ C0NTnmous PROCZSS V'!ITH A SALT COLwvJJ\i 

11.c Salt Flow Method. Since favorable reaction occurs when 

sodi'UI11 vapox· is carried upward through a column of solid salt, 

such i:.s pota ssium fluoride or potassium carbonate, it seeD.11d 

possible that a continuous process I:light be developed in which 

the sc)lid potassium salt was fed into the column at the top and 

the rE1sulting sodium salt was removed from the column at the 

bottom. It was to be expected that some difficulties v.rould be 

experienced in carrying out such a process under vacuum but it 

appeared that these difficulties might not be insuperable. 

However , another difficulty is present which definitely precludes 

such a process where a pure salt is employed . 

All salts possess the property of becoming tacky at a 

temperature in the neighborhood of 0 . 6 of the absolute tempera­

ture of their melting points. Thus, potassium carbonate, which 

melts at about 860°C, becomes tacky at about 400°C. The 

particles of potassium carbonate stick together above 400° 

although, when the temperature is lowered below 400°, they 

lose tneir tackiness and again are capable of flowing freely 

throug1 a tube . It was thought that tho difficulty might be 

overco:ne by mixing a non- tacky material, such as magnesium oxide, 

with t ,o.e salt. The presence of magnesium oxide does not intur­

fere wlth the reduction of potassium carbonate by means of sodium. 
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Results are given in To.ble XII for reductions in a 40" column 

of miJ!;tures of potassium carbonate with 25 and 50 weight percent 

of magnesium. oxide, respectively. In these experiments, 0.5 

eq_uivclents ,)f sodium was o.dded per equivalent of _potassium 

carbor.ate. ) .. s may be seen from the table, the alloys obtained 

were quite sa~isfactory. 

TABLE XII 

Reduction of K2 C03 - Mg0 Mixtures 

Na2 /K2 C03 = 0.5; t = 625°C; back pressure= 15 mm. 

A. 4 - 6 mesh, 25 wt . % MgO 

Exp. At. %K M:inutes 
No. in Alloy per 100 g. Na 

86 99 . 1 40 
8? 97 . 2 36 

B. 4 - 6 :r.i.esh , 50 wt. % MgO 

88 99.5 40 
89 99 . 4 36 
90 99.2 45 
91 98 . 9 49 
92 98 . 6 36 

Jn experimentul column, provided with suitable loading and 

unloac.ing devices was constructed and the flow of potassium 

ca.rbor.ate containing 50 wei ght percent of magnesium oxide was 

tested out up to temperatures of 550°0. Although the salt 

• 

paictic les in this case were much less tacky than were those of pure 

salt , nevertheless , they did not flow satisfactorily tlr,.liugh the 

c olumr. when hot • It seems doubtful that a process can be developed 

along those lines which will operat0 successfully. By increasing 

the m£.gnesium oxide content of the salt still further, a point 

could probably be reached where the par ticles would flow and 

reductions could be carried out satisfactorily by means of sodium 

but tl:.e cost of such an operation would be high because of the 
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low volume yield of metal and tho necessity of recovering tho 

magnesium oxide from the spent salt. 

The particles of mixed I:2 C03 and MgO were prepared by 

42. 

nixing the two in powder or finely divided forn, wetting vvi th 

water, partiilly drying at 130°0, crushing and classifying and 

thereafter dryinG at 600° or higher • . Magnesiun1 oxide retains 

its water at temperatures where potassium carbonate is completely 

dehydr~ted. The oxide does not dehydrate readily, even at 

fairly high tempero.turos, and , in practice, it would probably 

be noc3ssary to heat the salt to an elevated temperuture for ct 

consid::rable length of time, perhi::tps, in a vacuum. It was 

concluded that a continuous process of this ty~e is not practicable 

at thi13 time. 

B. Moving Pot Method . Another possible method of passing 

salt a1ong a column through which sodium vapor is carried in 

reversc3 direction consists in _passing through the column a series 

of cyl :Lndrical containers filled with salt particles, ea.ch 

container being open at the top and closed at the bottom with a 

screen of coarse mesh . If containers of this type could be 

carried through a hot column while metal vapors were passed 

upward through the column, the potassium salt could be success­

fully reduced. The clearance between the containers and the 

column may be considerable without influencing the efficiency 

of the column . 

This type of column was tested out by introducing six 6 11 

containers into a 1 . 511 column approximately 36" long. The 

colUIDI1 was provided with a boiler at the bottom and th0 clearnnce 

between the containers and tho column was gradually increased and 

the effect of the clearance on the composition of the alloy was 
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determined. The results are given in Table XIII. 

TABLE XIII 

Effect of Wall Clearance on Composition of Alloy 

Na2 /K2 C0 3 ·-= 0.50; t = 625° C; back pressure = 15 rrrn.o ;4-6 mesh 

Expo Wall At. % K Minutes 
No. Clearance in Alloy per 100 g. Na 

96 0.001" 98.2 31 
97 0.002 98.6 51 
98 0,003 97 . 8 55 
99 0.006 98 . 3 64 

100 0.012 96 . 9 55 

As may be seen from the table , even with a wall cleurancc 

of 0 . 12n , an alloy of satisfactory composition was obtained . 

The inner diameter of th0 column wo.s 1-1/2 11
; if a column of 

larger diameter were employed , greater clearance a llowance would 

be permissible. The difficulty with any such continuous process 

is largely the mechanical onG of introducing c1nd removing the salt 

containers while mai ntaining vacuum in the column at elevated 

temperatures . This approach to the solution of the problem of the 

continuous operating column was discarded as being impractical ~t 

this ti.me. 

As mentioned in the report of September 1, 1941, potassium 

may be obtained by reduction of potassium sulfide by means of 

sodium at lower temperatures or by means of iron, aluminum and 

magnesium at higher temperatures. One of the chief difficulties 

in connection with this method is the fact that potassium sulfide 

is not produced commercially and a method of producing potassium 

sulfide of a high degree of purity by the reduction of potassium 

sulfate has not as yet been developed. 

The reduction of potassium sulfate was studied at some length. 
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Fairly satisfactory reduction may be carried out with carbon, 

using iron as catalyst, at temperatures in the neighborhood of 

1100°c. using carbon monoxide and ~arbon, with a suitable 

catalyst, 0onsiderable reduction is Jbtained in the neighborhood 

of 1000°C. Th; use of a certain amount of hydrogen alo~6 with 

carbon mo~oxide, f ac Lli tat cs the reduction of potassi1un .;ulfa".::f.:. i 

the temperature of tje initial reduction falls as low as 8J0°C 

but complete reduction cannot be effected at that temper-:i.turc. 

In no case, was it found possible to obtain a thoroughly 

satisfactory product by the reduction of potassiun sulfate . 

Seemingly , a certain Binount of sulfate remains unreduced; or, 

if hydrogen is used in connection with the reduction process, a 

certain amount of hydrolysis takes place and potassium hydroxide 

is formed. By treating such a product with a considerable 

excess of sodium, all the potassium may be distilled out of th0 

salt, but a considerable amount of sodium is lost in the 

process, apparently, in reducing residual potassium sulfate. 

Potassium sulfide is not a convenient salt to handle. 

It is extremely sensitive to moisture, giving off hydrogen 

sulfide, and it oxidizes and, indeed, ignites in air when pure . 

In a molten condition, it is extremely reactive toward almost 

all metals and the problem of a container for a salt such ns 

potassium sulfide becomes a .very difficult one. In certain of 

the reductions, a graphite liner was employed to protect the 

metal containers. In view of these facts, potassium sulfide is 

considered to be impracticaJ. in a commercial process for the 

production of metallic potassium under present circumstances. 
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IX. SPRAY GUN !.IBTHOD OF OXIDIZING POTASSIUM 

Metallic potassiu.r:J., as well as sodium- potassium alloys, 

have be :in successfully oxidizea. a.t the Naval nes0arch Laboratory 

by pass:Lne a f' low strem of ni tro[.;en ov,~r the metal heated to a 

tempero.-~ure Jt:st helow its boiling point. The M:ine sa1·ety .1.t9pli­

:mce COI~pany bas been oxidizin5 potassiun by spraying th8 mtJtG.l 

into a <lry air chamber ,,,i th a spray gun. This method 1,10uld ::ie 

the mos1; cony·enient and economical if it served to convort ~no 

metal completely into lts hlghest oxidu. 

Seyeral series of experlments wero carried out with alloys 

contain:.ng between 38 and 98 atom percent of potassium. In 

carryin€; out the oxidation, the metals were sprayed into an 

enclosec chrunber through a De Vilbiss spray gun by nesns of air 

at presEures between 40 and 60 pounds . The air was dried by means 

of silica gel towers and had a nesligible moisture content. 

Arranee~ents were made for heating the air that operated the gun. 

The air,as it entered the gun , could be heated as high as 350°. 

The metai could be heated to 150°; it was necessary to heat the 

metal to a sufficiently high temperature to maintain it in a 

suitably liquid condition. The burning chamber was surrounded with 

on :J.ir j:1ckct through which air could be circulated and tho 

interior temperature controlled . Samples were taken of the nir 

in thG cnaI!l.ber to determine its oxygen content during the process 

of burni1g. Samples were taken of the oxides and their oxygen 

content '110.s determined. This served to show to what extent the 

metals h:1d been converted to their highest oxides (Na2 0 2 and K2 04 ). 

In 1;he first series of experiments, most of the &lloys had a 

composi t :t0n in the neighborhood of 70 or 7? atom percent of 

potassiun. The results are given in Table XIV. 
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TABLE XIV 

Results of Burning K with Spray Gun 

Exp. 
No. 

7 
8 
9 

10 
11 
12 
13A 
13B 
14 
16 
1 7 
18 
19 

At. % K 
in Alloy 

68 .8 
68.2 
54 4 
67 . 2 
72-0 
6 Q,g 
38 4 
38.4 
70.0 
77.1 
76.5 
78 . ? 
84.? 

Lb ':> . burned 
_ ,P.er hour 

17.5 
6.3 
6.1 
6.? 
5 . 0 
9.0 
4 . 8 
3 . 1 
5.8 
6.9 
2.6 
5.0 
4.5 

Air 
Temp 

30 
30 
60 

240 
300 
300 
28 

150 
350 
250 
250 
300 
250 

Burning Chamber 
Temperature 

) £00 
180 
190 
210 
190 
230 
l?0 
130 
200 
220 
120 
160 
195 

Cc.02 per 
B• oxide 

200 
195 
190 
~02 
206 
210 
172 
174 
208 
310 
204 
208 
214 

'rho atomic percent of potassium in the alloy is given in 

the s 1.~cond column; the rate at which the metal was burned i!l the 

third column; the temperature of the air entering the spray gun 

in th,~ fourth column, the temperature in the burnine chamber in 

the f :lfth column and the oxygen content of the oxide, in cubic 

centi11eters of oxygen per gram of oxide under normal conditions, 

in the last column. 

I'or convenience in evaluating the results , the oxygen content 

of va1•ious mixtures of Na2 02 and K2 04 is given in Table XV. 

TABLE XV 

Mole ~; K2 04 in oxide 38 54 
Cc . of' 02/g.oxide 182.6 20? . 0 

70 77 85 95 
219.l 223 . 4 226.6 234.0 

P..s may be seen from Table XIV, the conversion of the metals 

to their highest oxides was in all cases incomplete. Alloys 

having a potassium content in the neighborhood of 70 atom percent 

of potassium yielded from 200 to 210 cc. of oxygen as against 

219 cc . required for complete conversion. Alloys containing 

38 ato~ percent of potassium yielded 1?2 and 174 cc. of oxygen 
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as ag~inst 182.6 cc. , theoretical . Alloys having a potassium 

content in the neighborhood of 77 atom percent yielded an 

oxyge:1 content ranging from 204 to 210 cc. as against 223 . 4 cc. 

for c )mplete oxidatim1 .• ki alloy containing 8~.7 atom pe~cent 

of po·Gassiu.'.i:.. yielded 214 cc. of oxygen per gram of oxides o.,.• 

again3t 22( ,0 cc. , theoretical . 

It Vfilfc; thoue;ht that the deficiency of oxygen might., 1-.: the 

main, be du~ to incomplete conversion of sodium to Ni2 02 • How­

ever, when richer alloys were burned , it became clear that, ·f;he 

oxygen deficiency was, at least in part, due to incomplete oxido.­

tion of the poto.ssiUI:J., since the oxygen content of the resulting 

oxideB ran below that required if the potassium had all been 

I n order to eliminate the influence of sodium, a second 

serieri of experiments was carried out in which the potassium 

content of the alloys ranged between 93 and 98 atom percent. 

The re,sul ts are given in Table XVI. 

TABLE XVI 

Oxidation of High Potassium Alloys 

Exp. At. % K Lbs.burned Air Burning Chamber Cc.02 per 
No. in Alloy per hour Temp. Temperature &· oxide 

20 98 7 . 9 200 200 224 
21 94 7.9 175 200 218 
22 95 6 250- 200 225 
24 93 210 200 218 
25 97 215 150 223 
26 95 4 .8 125 170 215 27 95 7 . 2 130 200 219 
28 95 4.9 125 165 213 
29 96 8 . 1 120 190 220 
30 93 3.5 1 20 130 199 
31 93 8 . 0 105 135 201 
32 93 5.7 115 150 205 
33 93 5 . 5 125 150 207 

An alloy containiI1£. 95 atom percent of potassium, if completely 

L 
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converted to K204 and Na202 would yield a product capable of 

producing 234 cc. of oxygen per gram of mixed oxides . A 

variation of th3 potassiun content by several atomic percent 

would affect the oxygen content by only a few cubic ~entj_­

raeters. As may be Sthm from an inspe:ction of Table :rvr, " Xida­

tion, in d .:-...1. experiunnts, was far from complete. Th,.J hi~~;lrnst 

valu:: obtained •;,ras 225 cc.jg., in experiment 22 , a defichmcy 

of 9 cc . Depending upon the c and i tions of burning, the .~xygrcm 

content of the oxides obtained in various experiments r a r1€•3d 

to vllues as low as 19£1 cc./g. In general, it seems tha.t the 

oxyg:3n content of the oxides is the higher the more ra..:_)io th0 

rata of burning, thG high,3r the temperature of the air through 

~he 5un and the higher the temperature in the burning chamber. 

For JXamplc, in experiment? of Table XIV, where the burning 

rate was 17.8 lbs./hr., the oxygen content from a 68.87~ alloy 

was i~0O cc . , while in experiment 8, carried out under practically 

the :mme condition with a lower burning rate, the oxyeen content 

was 1 95 cc. The highest oxygen content obtained with a ?0% 

allo:r was 210 cc., in expGriment 12 . Here, the air passed through 

the gun had a temperature of 300°C and the temperature of tho 

burn:Lng chwnber was 230°C. 

Examinine table ~I, it will be noted that in experiments 

30 to 33 , inclusive , ·where the air temperature was in the neigh­

borhood of 120° and the teD.perature of the burning chamber 

ranged from 130° to 150°C, the oxides were all of very low oxygen 

contnnt , ranging f'rom 199 to 207 cc. The best result was ob­

taineid in experiment 22 where the air temperature was 250°C 

and the burning chamber temperature was 200°C. In experiments 

26 tc, 33, inclusive , the spr ay gun employed wc.s identical 
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with that used by the Mine Safety Appliance Company. In 

fact, in all theoe experiments , the conditions of operation were 

prac tically identicaJ with those used by M.S.A.C. 

The conclusion to be dravm from these results is that 

pota1rnium, when burned in u spray gun, yields oxides in w;1lch 

the rnctal is no~ completely converted to K2 04 and that, ;-­

genGJ"ul, tho degree of oxidation is the higher, the h.lglHH' the 

temp,,ratu:i:- es at ·:mich the metal is burned. That the pot tss iW!l 

was ttot completely converted to 1~2 04 in these experimontG · .. ,o.s 

conc:.usively shmm by subjoctinG samples of tho oxide to ;nc 

action of pure oxygen under controlled conditions. From 100° 

upward , the oxides absorbed oxy0 en ·,fi th considerable readiness. 

The rate slowed up as tine went on and was greatly accelerated 

on r r;.ising the tempurature . Between 150° and 200° , the absorption 

of m:ygen vm.s rapid. It was not found possible, however , to 

carrJ· tha oxidation completely to K2 04 • Probably, this vms due 

to the fact that,as the temperature of the oxides was raised 

to accelerate the rate of oxidation, the ~aterial sintered and 

becmre less porous , thereby decreasing the rate ut which oxygen 

could diffuse into the interior of the particles of inconpletely 

oxidized material. 

The following results ~re typical : In experiment 2~ , the 

original oxide analyzed 218 cc. of available oxyGen per gram. 

After heating in an atmosphere of oxy6cn at 150° for 21 hours 

and at 200° for 6 hour s , its oxygen content was raised to 227 cc./c~ 

an inoroase of 9 cc . /g . The oxides from ex,eriment 25 yielded, 

initi.illy, 223 cc./g., after heating in an atmosphere of oxygen 

at 17,5°C for 17 hours, its content of available oxygen vms 

raise<l to 228 cc . /g. , an increase of 5 cc . /g . 
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:: t would seem worth while to study the oxidation of 

potas1;ium by the spray gun method further , since it offers a most 

convenient method of converting the IT'eto.l . It is probably not 

pract.lcable to raise the temperature of the ai1· above 250° or 300°, 

since , even at these temperatures, the rate of erosicn of ~:ho 

spray gun tips is high. Possibly , by using certain of tt,, 

plati:1um r-tetals, mor• fl resistant tips might be n:.ade which \vould 

withs t and a hie;hcr tenperuture but , even so , it is doubtf~,1 if 

a satisfactorily hieh burning temperature may bE: obtuine,-': 1,y 

this ·neans . A more proraising method would be to increase the 

oxygen content of thE: air. It ·.1ould be quite possible to raise 

the oxygen content as high as 40%, or even higher, in which 

case, the temperaturs of the flane beyond the gun would be 

raised considerably. In certain of the earlier experiments , 

particularly in ex1criment ?, as much ns 10% of the oxygen in 

the chamber vra.s used up. In the later experiments recorded 

in table XVI, the oxygen content did not fall below 1 ?~~. 

By increasing the oxygen content of tho air and decreasing 

its rate of flow, the concentration of oxygen in the air within 

tho chamber would be kept in tho neighborhood of 20% to 25% and 

the temperature of the flame should be greatly increased. 

This should favor tho production of the highest oxides. 

T. COUCLUSION 

Metallic potassililli can be produced as puro metal or as an 

allor with sodium according to a number of different Drocesses.Some 

of thcnc methcmarc impractical at this time because of scnrcity 

of u::1sential materials, while others involve unduly high tu:ri.por&­

tempc,raturos . Taking everything into consideration, the 
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reduct ion of potassium carbonate in the solid state by means of 

m.etaL_ic sodium seems to be much the most promising reaction. By 

combining the potassium ca1•bonate col'..unn with a short pacl~cd column, 

practi cally pure potassium can be obtained with a conversion of 

potas~1ium carbonate that runs well ovr;r 90 percent. 

Dry potassium cm'bonate is available commerciall y" at ,bout 

6. 5 cents ··er pound and sodium sells for about 15 cents pc,~ 

pound, but can be produced in quantity at a much lower figu.Ee. 

There is an overproduction of sodium at the present time ~nt this 

•,vill .t:robably continue ·while the war lasts. The potassium 

carbocate process would, thus, appear to be one v1hich could be 

put into operation quickly in case of' need. It should not. inter­

fere ~ith the ,roduction program except as alloys are requir,)d to 

build tho reactor units. 

On the basis of theoretical yields, the cost of potassiUL'.l. 

carbonate (at 6.5 cents) per pound of potassium is 12.8 cents 

and the cost of sodium (at 15 cents) is 8 . 8 cents, makin6 th8 

total cost of materials 21 . 6 cents per pound of potassium. 

Assuming that the efficiency of the process is 90%, which seems 

reason~ble in tho light of experience, the cost of materials 

per po·1nd of potassium would bo 23 .8 cents • 

..A_~ainst this cost should be credited the value of the 

sodium carbonate which is produced. This might amount to as 

much a.3 2 cents per pound of potassium. The net cost of 

material should thus run in the neighborhood of 22 cents per 

pound of potassium. If the process were carried out on a lare;o 

scale, the cost of sodium should be figured at a value much 

below :.5 cents per pound. 
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Costs, other than those of materials, cannot well be 

estimated ~t this time. Once the pilot unit is in operation 

at the Naval Research Laboratory , it should bo possible to 

arrive at a reliable figure for the over-all cost of potassium 

by the carbonat e process. 

The r,roble:il of converting the metal to the oxic.a ma~- bo 

touched upon briefly. This problem was studied only incidentally 

in connection with the problem of producing the metal. l1t1.ere 

are two methods available for oxidizing potassium: ( 1) U-.,.at 

developed at the Naval Research Laboratory, in which nitrogen 

is passed over the metal at a temperature just below its 

boiling point and the vapors are passed through a hot nozzle 

into air, where thoy burn. (2) A process developed by :Mine 

Safety Appliance Company in which the molten metal is atomized 

in a spray gun and burned in air. 

Neither of these two methods operates satisfactorily in 

all respects. The difficulty of the first method is that the 

burning nozzle corrodes excessively and must be replaced at 

freq'..rnnt intervals . Another inherent disadvantage lies in 

the fact that the metal must be heated and vaporized. The rate 

of b.irning by this method is r ather low and the cost for labor 

would probably run rather high . 

The spray gun method of burning potassium to the oxide 

seem.a very attractive. The rate of burning is high, it 

requlres little attendance, and there is no charge for heating 

and ·raporizing the metal. The difficulty is that the metal 

is not completely oxidized to K2 04 • It has been stated that 

pota:,sium has been successfully burned by the spray gun method 
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by Mi ne Safety Appliance Company , but I have no independent 

evidence on this point. Our own 0xperience has indicated 

that J)otassium is incompletely burned to K2 0 4 with a spray 

gun under ordinary conditions. The problem should be studied 

further. In pe.rticular , the metal should be burned in ai:c 

of higher C'Xygen content where higher flarue temperatures w0uld 

be obtained. 

Brown University, 
Provic.ence, R.I. 
Sept enber l, 1942 

Charles A. Kraus 


