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This invention relates to the purification of 
metals contaminated with metal impuritles hav 
ing a lower boiling point,especialy oxidizable 
metal impurities,and has for its object more 
particularly the purification of metals con 
taminated with one or more of the alkali metals. 
The alkaline-earth metals,calcium,strontium 

and barium,are usualy made bysubjectingtheir 
fused chlorides to electrolysis,Since the Salts of 
the alkali metals,sodium and potassium,are 
Usually present in these chlorides,the resulting 
alkaline-earth metal is usualy c0ntaminated 
with a Small amount of alkali metal,as well as of 
the chloride of the alkaline-earth metal itself. 
To purify the alkaline-earth metal,it has been 
prop0Sed to subject the metal to distillation in a 
closed retort that nas been evacuated to remove 
objectionable air. The distilied metal is per 
mitted to condense in a cooler part of the retort, 
uSually in the form of a more or less Spongy, 
deposit. After cooling the retort,airis admitted, 
the retort is opened and the condense metal is 
removed. The resulting product is so reactive 
that it frequently oxidizes rapidly on the surface 
and produces heat in suficient amount to ignite 
the whole mass,with the result that fires are 
quite common. This objectionable result is all 
the more apt to occur because of the presence of 
the more highly reactive sodium and potassium. 
These alkali metals are also distilled and con 
dense in a cooler part of the retort. The smal1 
dep0Sits of Sodium and potassium areso reactive 
that they almost invariably catch fire when the 
retort is opened and they come in contact with 
the oxygen of air. - 
Magnesium is produced pyrometallurgicaily 

and electrolytically. It is common in both meth 
0ds t0 encounter the alkali metals,particularly 
Sodium and potaSSium because they are found, 
with the magnesium in nature. With sea water 
Or magnesium-bearing ores as the source of the 
magnesium,there is a marked tendency for so 
dium and potassium to be present in electrolytic 
magnesium in amounts that are objectionable for 
S0me purpoSeS. When magnesium-bearing ores 
are subjected to reduction pyrometallurgicaliy, 
for example,in a retort that has been evacuated 
to remove objectionable air,and the reduced 
magnesium is distilled and condensed,sodium 
and potassium tend to follow the magnesium and 
are usually condensed in a cooler zone. Fires 
are not uncommon When the retort,or its as 
S0ciated CondenSer,iS Opened 8nd the Sodium and 
potaSSium first contact the oxygen of the air, 
Special precautions are taken to condense mag- ; 
nesium separate from the sodium and potassium? 
and to remove the Sodium and potaSSium Without 
starting a fire,A Special condenSer for the 
sodium and potassium.is usually provided at the 
coolest end of the retort,removed from the z0ne 
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in which the magnesium is condensed; but the 
condensed sodum and potassium may never? 
theless catch fire on exposure tothe alr. 
As a result of my investigations I have discov? 

ered that these disadvantages may be overcome 
forthe most part. The alkall metals,sodium and 
potassium,may be Segregated from the higher 
boilingpoint metal to be purified and converted 
into compounds that are non-infiammable on 
exposure to the oxidizing influence of air. The 
metal to be purified may be separateiy collected 
andinsomeinstances be freed of otherimpurities. 
In accordance with the invention,the metal 

to be purified is heated in the abSence of air to 
a temperature suficiently high to distill the 
alkalimetal impurity,The resulting alkali metal 
vaporimpurity.is thenselectively oxidized,This 
may be accomplished by bringing the alkalimetal 
vapor impurity into reactive contact with a 
refractory metal oxide,such a8 titanium oxide, 
zirconium oxide and chromium oxide,and col 
1ecting the oxidized alkali metal impurity as a 
solid separate from the metalto be purified,The 
metal to be purified is itSelf advantageously dis 
tilled.in Some cases and condensed Separpte from 
the oxidized alkali metal impurity. 
These and other features of the invention may 

be better underst00d by referring to the accom 
panying draWing,taken in conjunction with the 
folowing description,in which: 

Fig.1 is a diagrammatic representation,being 
a side elevation tnsection, of an apparatus with 
which the method of the invention may be prac 
ticed; and - 

Fig.2 is a horizontal Section on the line2?? of 
Fig. i. - - 

The apparatus Shown comprises an outer retort 
?? supported within a heating furnace 4,the 
retort being held in position by means of two or 
more Supports ? resting on top of the heating 
furnace. The retort preferably Consists of heat 
reSistant steel. It is provided with a removable 
COVer 13 having attached thereto a vertical pipe 
14 and lateral valved branches 45 and 6,con 
nectable with a,source of vacuum,and air,re 
Spectively,A removable inner retort 20,having 
an Opentop,reSts within the outer retort. A re 
movable tray 21 rests over the open top of the 
retort,beingsupported thereon by means of three 
or more fugs 22 extending over the wall of the 
inner retort. The heating furnace #4 consists 
essentially of a rectangular chamber 23 havinga 
refractory bottom 24,side and end walls 25,and 
a top 25 having an opening of a Size adapted to 
receive the outer ret0rt. An eXpanding opening 
2? is provided at or near a lower corner of one of 
?he side wals of the chamber,for the introduc 
tion of heatinggasesintothe chamber. Asimilar 
opening 28 is preferably provided at or near an 
opposite corner,asaspare or auxiary means for 
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introduclng heating,or cooling,gases into the 
chamber. When not in use,the opening 28 is 
closed. A flue opening 28 extends through the 
same wall as the opening 21,preferably at a 
higher level,sothat heating gases passed into 
the chamberthroughthe opening2T tend topass 
around the retort before leaving the chamber 
through the flue opening29. 
Theapparatusmaybe used asfollows: Acharge 

of calcium,for example,contaminated with So 
dium,potassium,and calcium chloride,is placed 
in the bottom of the inner retort 20. The inner 
retort is then placed in the outer retort 10,A 
1ayer of titanium oxide 39 is placed in the tray 

,21,whichis in turn placed across the opentop of 
theinnerretort.,Theremovable cover t3isplaced 
on the outer retort 10 and locked thereon to pro 
vide asealedjoint. The lateral branch 15is then 
connected to a source of vacuum. With the Walve 
of this lateral branch open,and the valve of the 
other latera1 branch,16 closed,the outer and 
innerretortsareplaced undervacuum to remove 
objectionable air. - Heating gases are passed through opening 21 
into the heating chamber,where they clrculate 
almost completely around the retort and then 
pass through the flue opening 29 to the outside 
atmosphere. As the lower portion of the outer 
retort 10 is heated,the lower portion of the 
innerretort20isalso heated. Asthetemperature 
rises,a point is reached where the Sodium and 
potassium present in the calcium are distilled? 
The resulting sodium and potassium vapors rise 
to the upper and cooler portion of the retort 
where they come in contact with the titanium oxide30in thetray2t. Due to their great afinity 
foroxygen,thesodium andpotassium areprompt 
1y oxidized and thetitanium dioxide is reduced to 
titanium and a sub-oxide of titanium,according 
toreactionswhichmay beindicated asfolows: 

Asthe temperature at the bottom of the inner 
retort continuesto rise,a point is reached where 
the calcium is distilled and its resulting vapor 
tendsto condense and settle out against the Wal oftheinnerretortimmediatelybelowthe tray 16. somecalciumvapormayofcourserisesuficiendy 
to come in contact with titanium dioxide in the 
tray and react with it in a manner similar_to sodiumorpotassium vapor. The bulk of the dis? 
tiled calcium may,however,be separately con 
densed and colected,as shown,A residue Con 
sistingessentialy of calcium chloride,admixed 
perhapswith asmallamount of sodium chloride 
orpotassium chloride,or both,remains as a resi 
due inthe bottom of the inner retort, Theintroduction of heating gasesto the heat? 
ingchamberisstopped andtheretort is permitted toeool. Thecoolingoperationmaybeaccelerated 
bypassing cooling airthrough the heating chanl 
ber,for example,through the opening 28,or by 
removing the outer retort andits contents ?rom 
the heating chamber,After the retort has been 
suitably cooled,lateral branch 18 is opened.to 
admit air to the interior of the retorts,after 
which the cover 13is removed. The innerretort 
and trayarepulled out of the outer retort;the 
tray is removed,and the condensed ealciu? is scrapedofandseparatelyrecovered… Theresidues 
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are advantageously removed by washing the in 
ner retort with Water? 

It wil be clear to those skiled in this art 
that the invention lends itSelf to numerous modi 
fications. Other metals of higher bolling point, 
such as barium,strontium,magnesium,etc.,may 
be similarlytreated to remove metal impurities of 
iower boiling point,such as the alkall metals,so 
dium and pot8SSium,to convert theminto harm 
1eSS Compounds. Instead of titanium oxide 
other suitable refractory metalic oxide,such a8 
zirconium oxide and chromium oxide,may be 
employed,either separately or admixed. While 
the specific example relates to the purifying of 
a primary metal,it will be clear that the inven 
tion also lends itself to a smelting operation in 
which the metalto be purified is reduced fromits 
compounds and the alkali metal impurity is se 
1ectively oxidized. This modification may be em 
ployed,for example,in conjunction with the 
above mentioned method of producing magne 
sium pyrometallurgicaly. According to a well 
known practice,magnesium oxide is reduced with 
Silicon or ferro-sicon and distilled in Bn exter 
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nally heated retort placed under vacuum to re 
move objectionable air. The distilled magne 
Sium is condensed in a cooler part ofthe retort or 
in a condenser specialy provided for the purpose. 
The alkali metal impurities,sodium and potas 
sium,are likewise reduced and distilled. In ac cordancewith thepresentinvention,theyarecon 
verted into harmless compounds by selectively 
Oxidzing them in the manner described. 
In the practice of the invention,advantage is 

38 taken of the relative boing points of the metals. 
The boing points of the alkali metals,sodium 
and potassium,are substantially below those of 
the metals to be purified. The temperature of 
the metal to be purified ls,therefore,gradually 

49elevated to a point where the metal impurity of 
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lower boiling point is distilled. By heating its 
bottom,the retort is caused to yield a grad 
uated temperature range. Since the alkali met 
als have the lower boiling points,their vapors 
tend selectively to rise highest in the retort. 
Since the metals to be purifed have the higher 
boiling points,their wapors do not tend to rise as 
high in the retort. They soon meet a tempera 
ture environment conducive to condensation,In 
other words,the metals to be purified may be 
made to c0ndense in an intermediate section of 
the retort where thetemperature is high enough 
to keep the alkali metaiimpurities in vaporform. 
Thealkalimetal vapors,on the other hand,tend 
to rise to a cooler portion of the retdrt,where 
they were heretofore condensed,but where they 
are now converted into harmless compounds in 
accordance with the invention. 
This application is a continuation-in-part of 

my co-pending application Serial No,478095, 
filed March 5,1943. 
I ciaim: 
1. In the method of purifying metals of higher 

bolling point contaminated with an alkalimetal 
* impurity of 1ower boiling point,the improvement 
which cgmprises heating the metal to be puri 
fied in the absence of air to a temperature suf 
ficiently high to distill the alkali metal impurity 
but not the metal to be purified,selectivey oxi 
dizing the resulting alkali metal impurity vapor 
.in a zone removed from the main body of meta1 
to be purified,and collecting the oxidized alkai 
metal impurity as a Solid separatefrom the metal 
to be purified. 2,Method according to claim 1,?n which the 
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reSulting Wapor of the alkali metal impurity is 
Selectively oxidized by bringing it into reactive 
contaCt with a refractory metal oxide in a ZOne 
removed from the main b0dy of metal to be 
purified. 

3. Method according to claim 1,in which the 
resulting vapor of the alkali metal impurity is 
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selectively oxidized by bringing it into reactive? 
COntact With titanium oxide in a zone removed 
from the main body of metal to be purified. 

4. Method according to claim 1,in which the 
reSulting,Vapor of the alkali metal impurity is 
Selectively oxidized by bringing it into reactive 
contact with zirconium oxide in a z0ne removed 
from the main b0dy of metal to be purified. 

5. Meth0d aCCording t0 claim 1,in Which the 
reSulting vapor of the alkali metal impurity is 
selectively oxidized by bringing it into reactive 
Contact with Chromium Oxide in a,zone remOved 
from the main body of metal to be purified. 

6. Method according to claim 1,in which the 
metal to be purified is also distiled,and con 
depsing the resulting Wapor of the metal to be 
purified as a Solid Separate from the oxidized 
alkali metalimpurity in a zOne intermediate that 
in which the alkali metal impurity is oxidized 
and that from which the main body of metal 
to be purified is distilled. ? ,i 

- 7. In the method of purifying metals of higher 
boiling point contaminated with an alkali metal 
impurity of 1ower boiling point,the improvement 
which Comprises heating the metal to be purified, 
in the absence of air to a temperature suficiently 
high to distil1the alkali metal impurity but not 
the metal to be purified,Said alkali metal im 
purity being at least one of the gr0Up:S0dium 
and potassium,Selectively oxidizing the result 
ing aikalimetalimpurityvaporin a zone removed 
from the main body of metal to be purified,and 
collecting the oxidized alkali metal impurity as 
a Solid Separate from the metal to be purified. 

8. Method according to claim 7,in which the 
resulting vapor of the alkali metal impurity is 
selectively oxidized by bringing it into reactive 
contact with a refractory metal oxide in a zOne 
removedfrom the mainbody ofmetalto bepuri 
fed. 

9. Method according·to Claim 7,in Which the 
metal to be purified is also distilled,and con 
densing the resulting vapor of the metal to be 
purified as a Solid Separate from the oxidized 
alkali metalimpurity in a zone intermediate that 
in which the alkali metal impurity is oxidized 
and that from which the main body of metal 
to be purified is distilled, - 

10. Inthe method of purifying magnesium c0n 
taminated withan alkali metalimpurity,the im? 
provement which comprises heating the magne 
sium in the absence of air to a temperature Suf? 
ficiently highto distill the alkali metal impurity 
but not the magnesium,8electively oxidizing the 
resulting alkali metal impurity vapor in a zone 
removed from the main body of magnesium to 
be purified, and collecting the bxidized alkal 
metalimpurity as a soid Separate from the main 
body of magnesium to be purified. 
11?Method according to Claim 10,in Which the 

resulting vapor of the alkali metal impurity is 
selectively oxidzed by bringing it into reactive 
contact with a refract0ry meta} oxide in a zOne 
removed from the main body of magnesium to 
be purified? - 

12. Method accordingto ciaim 10,in which the 
resulting vapor of the alkali metal impurity is 
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selectively oxidized by bringing it into reactive 
contact with titanium oxide in a zone removed 
from the main b0dy of magnesium tO be purified, 

13. Meth0d acc0rdingto claim 10,in.which the 
reSulting vapor of the alkali metal impurity is 
selectively9xidized.by bringing it into reactive 
contact with zirconium oxide in a zone removed 
from the main b0dy of magnesium t0 be purified, 

14. Method accordingto claim 10,in which the 
resulting vap0r of the alkali metal impurity is 
selectively oxidized by bringing it into reactive 
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C0ntaC? With chromium oxide in a zone removed 
from the main body of magnesium to be purified. 

15. Method accordingto claim 10,in which the 
magnesium to be purified is also?distilled,and 
condensing the resulting magnesium vapor as 
a Solid Separate from the oxidized alkali metal 
impurity in a ZOne intermediaté that in Which 
the alkali metal impurity is oxidized and that 
from which the main body of magnesium is dis 
tilled, 

16. Inthe method 0f purifying magnesium con 
taminated with an alkali metal impurity,the 
improvement which comprises heating the mag 
nesium in the absence of air to a temperature 
suficiently high to distill the alkali(metal im 
purity but not the magnesium,Said alkali metal 
impurity being at least one of the group:Sodium 
and potaSSium,Selectively oxidizing the resulting 
alkali metal Wapor impurity in a ZOne removed 
from the main body of magnesium to be purified, 
and collecting the oxidized alkali metal impurity 
as a Solid Separate from the magnesium, 

17. In the method of purifying magnesium 
Contaminated with an alkai metal impurity,the 
impr0Wement Which Comprises heating the mag 
nesium in the absence of air to a temperature 
Suficiently high to.distill the alkali metal im 
purity but not the magnesium,Selectively oxidiz 
ing the resulting alkali metal impurity Wap0r by 
bringing it into reactive contact With a refrac 
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tory metal oxide in a zone removed from the 
main body of magnesium to be purified, collect 
ing the oxidized alkali metal impurity as a Solid 
Separate from the main body of magnesium to 
be purified,distiliing the magnesium,and con 
densing the reSulting magnesium Vap0r aS a SOlid 
Separate from the oxidized metal impurity in a 
zone intermediate thatin which the alkalimetal 
impurity is oxidized and that from which the 
main body of magnesium is distilled. 

18. In the method of purifying metals 0f rela? 
tively low bolling points contaminated with read 
iy oxidizable metal impurities of 1ower boiling 
points,the improvement which comprises heat 
ing the metal to be purified in the absence of 
air to a temperature suficiently high to distill 
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the metal impurity but not the metal to be puri? 
fied,selectively oxidizing the resulting metal im 
purity vapor by bringing it into reactivecontact 
with a reducible refract0ry metal Oxide in a ZOne 
removed from the main body of metal to be puri? 
fied,and collecting the oxidized metal impurity 
as a solid separate from the metal to be purified. 
19,Method according to the preCeding claim, 

in which the metal to be purified is also distilled, 
and condensing the reSulting vap0r of the metal 
to be purified as a solid Separate from the Oxi 
dized metal impurity in a zone intermediate that 
in which the metal impurity is oxidized and that 
fromwhich themainbody ofmetal to be purified, 
is distilled, 

PETER P. ALEXANDER, 


