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PRODUCTTON OF METALLIC POTASSIUM BY THE VACUUM-THERMIC METHOD
e e .

ollowing is a translation of an aticle by A. Yu. Tayts
and V. M, Chelltsov in the Russian-language periodical Khimicheskaya
Promyshlennost! (Chemical Industry), Moscow, No 5, July/Rugust 1959,
pages hou-uoqb/ C : A P

Authors! Note: - This work was conducted in the experimental
workshop of the Dneprovsk Aluminum Plant by a group of scientists
from this workshop and also by the associates of the All-Union
Aluminum and Magnesium Institute (VAMI - Vsesoyuznyy Aluminiyevo-
megniyevyy Institut) V. M. Kozlov and D. No Chemukov. '

- fmong the known processes for producing potassiuml parti-
cular interest has been shown to the vacuum-thermic processes
which have gained wide acceptance in recent years for tge pro-
duction of a number of alkali and alkaline earth metals™,

The basis of the vacuum-thermic processes for the production
of potassium involve the reduction of potassium chloride in a
vacuum by other metals or alloys (metallothermal process) or by .
calcium carbide (the carbide-thermal process), -(P. V. Gel'd et a3
hes reported on the experiments involving the reduction of potassium
chloride by calcium carbide.) o ‘

Laboratory tests have been conducted by N, M, N:’Lkola.yshvilil.iLL ‘
on the reduction of sodium and potassium chlorides by silicon alloys.
Further, V, M. Gustkov, N, M. Zuyev and A, I, Voynitskiy5 have ‘
studied in great detail the reduction of potassium chloride by
aluminum and by silicon alloys, and indicated the possibility of
producing potassium by this method. - S

On the basis of the results from these experiments the
authors have written this paper. The reducing agents used were
ferrosilioon and aluminum-silicon, {Initially the experiments were
performed with calcium carbide and the first portion of them were
conducted together with researchers from UNIKhim /Ural Scientific:
Research Chemical Institute/. ' -

Theoretical Bases of the Process

In order to estimate and evaluate the various vacuum-thermic
processes for the reduction of potassium chloride, the equilibrium
vapor tensions of potassium and the energy ‘consumptions during
the reduction process were determined. " Inview of the absence of
sufficiently accurate data onthe composition of the end products
of the condensation phase, the fundamental chemical reactions
were used for calculations without considering the possibility
of some side processes. The thermochemical data used during the
calculations were taken from the literature -8,
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As a basis for calculation the followine reactions werc
consideredy
for the carbide-thermal reduction
2KC1 £ GaCp = CaClp £ 2C £ 2K; © . . -
for the wlunlnothcrmﬂl reduction (prcsent durlng the
reduction of potassium chloride by aluminum-silicon (Si-A1))
~ 18KC1 £ 14020 £ 6A1 = 5Ca0° 9A1205 £ 9C a“l 418K (2)
for the silicothermal reduction o
O LKC1 £ h0a0 £ Si = 20a0°Si0p /£ 20«012 P 4“ o (3)
Haxln" determined the valuecs for these reactions by simple
calculations: the free energy : F in the temperature range 1123-
1325 K, the cquilibrium constants K _, the equilibrium vapor
tensions of potassium Py and the logarithms of the latter 4
(Table 1), we found the following logarithmic rclationships
of the equilibrium vapor ten51ons to the temnorature"
for reaction ( ) SR
lg Py = 6.79" o880/T.
for reaction (2)
. 1g'Py = 8,00 7810/T
for reaction (3)

1g P, = 8,4-9186/T. -

[}
~

: K o
i : : f"ble 1

Free quggy, xi.c't,nl:.orlw1 Oonstanu qnd unlllbrlum Vapor
\ ‘Tensions for Potassium- :

Charact- Temperature Silico- Carbido—ﬂ' , Alumino-
eristics . - _ thermal . . thermal .. thermal.
- ¢ K -0 reduction reduction ~reduction .

F, cal. %1123 850 55 040 - .25 070 - 168 504
' 2 122% - 950 44 840 - 19 170 . 125 504

11323 1050 24 990 15 370 - 8k 504
Kp at , 1123 850 10—+ Ko S (S

o J.225 . 950 10— £ o 10__.. P ) 10~ 4 -}_‘. i

£1%23° 1050 1077 1679y 107/

P, tm on . .
11,38

Hg Bulb 11123 = 850 1,6 4,4
1223 950 7,6 0,5 . 43,3
1323 1050 27,2 40,7 - 127,55
lg Py -112% 850 0,2 o,64 . . 1,055
11225 950 0,88 1,16 1,635
1,43 1,61 : . 2,105

©1%23 1050

These relatlonshlos navo boon cranh1c111y prescnted in flguro 1,
whore in addition, the snturated vapor ten31oq curve of potu831uv.
chloride has been plotted. It should be notod tllt tho qulllbrlum

tension for the sili COD—thClHTl orocess is lowcr Claﬂ for the othcr two

Y
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processes and for the given section almost coincides with the tension
of saturated vapors of potassium chloride. This explains the obtain-
ing in our tests of con51derﬁb1v lower yeelds of potassium during
the silicon~thermal process than during the carbide-thermal process,
until means werc found for increasing the velocity of the reduction
reaction of pota551um chloride by silicon and methods for decreasing
the sublimation of potassium chloride (see below). The theoretical
quantity of energy, necessary to produce potassium by the silicon-
thermal method at the optimal recaction tcmperature, 9)0 C, in
agreement with equation (3) amounts to the sum of heat lost in
heating up the initial reaction products to the process tempcrature,
and thc heat effect of the reaction at a given temperature.
It is not difficult to calculate the first item
“1225 Hy 8) = 15,,210 cal. whilc the heat effect of -
the react10n4¢H1225 = 20%
The total tneoretlcal hcat consumptlon for the proccss~
i (Hy003. Hog 8) + Hypo 223, = 337,090 cal,
Thus, thu theoretlcal specific consumption of electric
energy for 1 kg of potassium is 2,5 kilowatt-hours.

Experimental

vaeerents were conducted on a ser1—1ndustr1a1 scales
The apparatus used allowed a 150-300 kg charge to 1oadcd at
once to produce 20-40 kg of metallic potassium.

The technology of the vqnu1m~thcrm1c production of
potassium consists of two basic processes: preparing the chtrvc
in the form of briquettes and corrcct vacuum-thermic rcduction
of the potassium chlorides The Jreparutlon of the briquette
charge was done in the usunl menner and thercfore did not cause
eny difficulty; but for rcducing potassium chloride therc was
roquired the development both of the tcchnology of the process and
its operating conditions as well as the equipment. There were
serious difficulties encountered with this portion of the work
since simulitancously with the reducing reaction theré occurs an
intensive sublimation of the salt, which leads: to a lowering -
of the velocity of the reaction because of the decrease of KC1
concentration in the charge; to clogging of the equlpmont by the
condensed salt as a result of which the vapor phase pressure in
the reaction field increases and the reaction is stopped; to
"sticking" of the metal in the salt condensate. Thus the task of
the exwerlmcnts was to-find ways to increcase the velocity of the
reducing reaction and to slow down the sublimation of the salt,
and also to provide for the distinct condensation of the salt
vapors and mctal vapors for the production of the pure metal,

The Charge. The starting materials used were potassium
chloride containing up to 4% NaCl, limestone and ferrosilicon
(8i-72.3%). ‘ , ' '

In order not to introduce geses into the reaction apparatus’
which disturb the vacuum and react with the reaction products,
it is nccessary to practically complctely dchydrate and do-’

-3 -



carbonize the initial raw matcrials. For this purpose potassium
chloride was calcined at 200 - 300" and latcr crushed. The lime-
stone was fired in a rotating furnacc at 1200 - 1300%. - The salt,
lime and forrosilicon were ground up in a ball mill with e pori-
pheral diffusion to a grinding finencss of minus 60 - 80 mesh.,

Further components of the charge were measured out in
determincd proportions and were mixed in a cylindrizal mixcr. ,
The charge was formed in autometic tablet presses into cylindrical
briquettos with a 75 mm diametor and height of 30-40 mm, which
posscssed sufficient mechanical strength. ' )

The reaction apparatuss The reduction process is por-
formed in a vertical vacuum retort—furnace (Figurc 2) in which
tho steel retort placed in the jacket 2 with a counter vacuum was
the electrical resistance clement. The condénser 5 with a cavity
tank for potassium was attached to the lowecr part of the retort,
Above it was thc condenser for salt 4 with a salt-apron. The
briquettcs wore loaded from above in a ring configuration betweecn
the walls of the retort and the central perforated pipe 3. The
latter served as the channel through which salt and metal vapors
procecd to the condensers. The salt condenser was heated higher
(400-800") than the tank for potassium (60 - 100 )e Owing to the
various condensation temperatures the salt from the vapor phasc
is condensed on the higher heated surface in the tank and the
metal vapor on the lower. - .

Experimontal Methods and Operating procedurcs. “ Defore
loading of the briquecttes, the tomporaturc in the retort was
810 - 850 . Later during the loading it wont down to 650 —~ 700 .
In the first period of the process (heating up to 780" ), the
volatile rcsidues (moisture,-coz, ctce) arec eliminated and owing
to this the vacuum drops; later it inereases sccording to the
degreec of hoating of ‘thc charge and removal of gases. However
the remaining pressure’ is maintained not lower than 6-8 mm (Hg
bulb duc to which the salt almost does not sublimatcs

Later, when thc, charge has been heated up to the reaction
temperature (780 - 800), the vecuum is sharply increased (to 0.5
—~ 0.8 mm). ,This provides a higher reaction velocity, due to
which a considcrable gquantity of the salt is rcduced, not
evaporatcd. - From the moment the curront is turned on to the
completion of the process takes 8 hours. '

During this time the temperature on the walls of the
rctort is brought up to 950 - 9607, the residual vacuum in the
rctort - to 0.3 - 0.5 mm. Upon completion of the proccss the
current is switched off and the furnace is unloaded in the
following order. ‘

For thc sake of safety in further operations, dehydrated
mincral oil, forming a protective layer on the mctal, is
suckcd into thc condenscr. Later by admitting air into the
furnace the vacuum was rcemoved, the condenscr with metal is
removed and the condenscr with the salt was withdrawn from
the furnace (in & number of cases the condenser with the salt
was not removed and the salt in it was knocked out). Further
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he upper cover was removed and the residuc of the charge was
dumped into a trolley placed under the rctort, by gradually
roising and pulling the central pipec. After this the cmpty
condensers werc arranged and the rctori was loaded for another
eycle, ' .

Discussion of the Results

The first series of tests with o ferrosilicon charge
did not yield satisfactory results. Yields of potassium amournted
to 15 - 35% when loaded into the containers. It was not possible
to raisc them neither by increasing the double rclationships of
ferrosilicon to potassium chloride nor by increasing the process
time to 24 hours. The samc thing wns obscrved when the charge wes
loaded immediately into the retort. In this case the process time
was approximetely 8 hours, since thc longer process was proved to
bc inefficient. Later tests were set up in which ferr031’1con and
caleium oxide were crushed to minus 200 mesh to increasc the activity
of the charge. Noverthcless even this measure did not help. .The
yields of potassium and othor characteristics of the process remained
low as before, even with a large surplus of reducing agent.

Simultancously during thc reduction of potassium chloride
by calcium carbide under analogous conditions the ylelds of
potassium reached 55 - 60%,

Sincc during thc silicon-thormal rcducc1on of potassium
chloride thc equilibrium vapor tensions of potassium almost
equal the saturatcd vapor tcnsions of KC1 (sce Figure 1) the
authors supposed that the basic roason for the low potassium
yields is the low velocity of the reduction rcaction and that
bucauso of this velocity a considerable quantity of the salt

s being sublimated, not being involved in it. '

To increasc the velocity of the rcaction the ﬂddwtlon
(5 and 9%) of calcium fluoride was introduced into the charge
in the sccond scrics of tcsts. The relationship of the
reducing agent to the salt in the charge was tokcn as cgual to
0.5, since it was seen from thc provious tests that an increasc
in this rclationship docs not improve the yiecld. The relation-
ship of the lime to salt was taken as equal to 0.77. Frou the
results of these tests (Table 2) it cen be seen that a 5% fluoride
additive aids in increasing the process characteristics, The yicld
of potassium rose from 15 - 35 to 47.7 - 62. 7%; the specific
consumption of reducing agent corrosvondlnvly dropped from
5.7 - 2.8 to 2.0 - 1.5 kglke.

The gpceeific consumption of elcctrical energy amounted to
14,9 - 19. 8 kw—hour/kg of potassium at the terminals of the
furnace which is many times lower than in the tests without the
fluoride additive. As can be secn from the tabular deta an 8 -
hour process is sufflclent.



‘Table 2

Recsults of Tésts with Ferrosgilicon and Calcium Fluoride Additive

Length Load of Yield of Spceific Consumption, Specific Consumption
of Test, Briq., Potassium kg/ kg of potassium of electrical encrgy
hours kg kg % Reducing Charge " at the retort tcrmi-
. agont T nals, kw-hours/kg of
g : : . . potassium
850 232 25;2 49,8 1,9 - 952 il
8,0 235 obh 47,7 2,0 9,6 -
8,0 229 28,0 56,0 1,7 8,2 18,8
8,0% 225 27,6 58,5 1,6 8,15 17,8
8,0 222 24,7 51,0 1,8 8,9 19,6
10,0 238 32,8 62.7 1,5 1525 14,9
10,0 227 25,2 50,7 - 1,9 9,0 19,8
8,0% 243 31,1 61,2 1,5 7,8 16,1
8,0 233 29,4 58,0, 1,6 759 17,6
8,0 238 32,2 62,1 - 1,5 75k 16,5

Tt should be noted that tho fluoride additive of 5% aids the
scattoring of charge remainders which substantially facilitates
their discharge at S00 - 950", The 9% fluoride additive, conversely,
aggravates discharge since the residues become viscous under
this condition. In addition the increasc of CaFp in the. charge
from 5 to 9% docs not improve the potassium yield.

Great interest has been shown to oluninum-silicon alloy as
the rcducing agent for the vacuum-thermic production of potassium. v
Under known conditions, the production of this alloy is comparatively
cheap ond it can compete with ferrosilicon. Aluminum-silicon alloy
containing equal amounts of aluminum and silicon werc used in our
exporiments. From thc results of the experiments (Table 3) it can
be secn that aluminum-silicon as as a reducing agent provides
satisfactory process characteristics. .The fluoride additive for the
aluninum-silicon charge is also boneficial, but in this instance its
cffect is less significant than for the ferrosilicon charge. This
evidently, is cxplained by the fact that the reaction with the aluminum
portion of thc reducing agent proceeds at a higher vclocity than with
the silicon. - - :

-TabievB:
Rosults of Tests with Aluminum Silicon
(Eight Hours Duration) ’

Conpositioh“of charge, % ‘Charge Yield of Sp. coﬁsumption Sn. Consumpticn
8alt Lime Reducing Calcium load, potassium kg/kg of potas. of of cricrgy,

agent Fluoride in kg kg % Reducing Charge kw-hour/kg of
agent potassium
52,1 15,0 32,9 nene 204 22,0 39,3 1,4 9,3 20,4
52,1 15,0 32,9 none 236  28,% 44,0 1,2 8,3 16,2
49,5 14,5 31,5 b7 235 36,1 59,5 0,93 6,5 14,5
56,5 0,9 6,6 13,0

49,5 14,5 31,5 4,7 252 5881




Upon comparing the process characteristics obtained with
ferrosilicon md aluminum silicon (Table L), it should be noted
that even with a somewhat lower yield of potassium the specific
consumption of aluminum-silicon is considerable lower than of
the ferrosilicon, ~This is very important since the reducing _
sgent is the most expensive component in the charge. - The specific
consumption of alwninum silicon charge is corsiderably lower Which
in turn is a‘substantial advantage, =~ = :

‘ Tﬂﬂeh.

Characﬁéristics'éf the Process“for:the Ferrosi1icon and Aluminum
‘ Silicon Charges ‘

Iten Charge
| Fe-Si A1-54
Duration of process, hours 8. 8
Single load of chargey kg - - 2L0 . [ - 2L3
Yield, kg: B
Metal 32,0 37,1
Salt . ' S 19,2 o -
Yield of metal, % - 62,0 . 59,0
Recovery of salt, % 19,2 -
Specific consumption, kg/kg metal: . . ,
- Charge = . T8 - 6,55
Reducer . 1,5 0,935
Specific consumption of energy' = - S o o
at terminals of retort, kwatt-hours 15,8 13,75

The quality of the prepared metal was determined by chemical
andlysis for impurities of sodium, caleium and chlorine, The quantity
of sodium in the metal amounted to 3% on an average. The admixture,
NaCl in the inital salt, which is reduced to metallic sodium and is
condensed along with potassium, is the source of contamination of
the potassium by sodium, It has been observed that the sodium
content in the product increases with a decrease in t he potassium -
yield, Admixtures of calcium and chlorine, as a rule, were not
observed in the metal, - - o

Thus, the results of conducted works in particular on the
technology and equipment of the process, and glso on safety
engineering, are a reliable basis for- the introduction of the
silicon—thermel process for the production of potassium on an
industrial scale.

The production diagram of the process is outlined in
Figure 3, It consists of the following basic operations;
calcination of the potassium chloride and firing the limestone,
crushing t he components of the charge, their mixing end pressing

 into briguettes, vacuum-thermic reduction of the KC..

The vertical vacuum-retort furnace of a given type with much
larger measurements can be recommended for the chief link of the
diagram in the reduction processs
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In the field of apparatus designing in the process there
should be noted the development of construction principles for
the reaction vacuum-thermic apparatus for the production of
potassium, namely, -a vertical ring-shaped distribution of the
charge, which can be fired from one or two sides; the utilization
of the middle of the reaction area (a ring) as collector and
channel through which vapors are directed into the -condensers;
the sequential disposition of the salt condenser having a maze of
baffles and the condenser for the metal in corresponding tempera-
ture zones. -On the basis of the use of these principles further

development of the reaction apparatus to greater cyclic productivity

is possible,
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