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REFINING OF volATILIZABLE METALs 
: Harmon F. Fisher, Sunnyvale, Calif., assignor to 

The Permanente Metals Corporation, Oakland, 

2,456,935 

PATENT OFFICE 

Calif., a corporation of Delaware. 

; : This invention relates to a method for re 
covering volatilizable metals from materials con 
taining the same. More particularly, it relates. 
to: the vaporization of volatilizable metals from . 
substantial amounts of non-volatilizable inpuri 
ties by a method wherein the heat required to 
Ivaporize the metal is supplied directly to the 
material containing the metal by means of , a 
carrier gas. : : ..., 
The invention is applicable generally to the 10 

refining of volatilizable metals such as-zinc, the 
alkali metals, the alkaline earth metals, etc., 
which maybe", separated by vaporization from 

: concomitant non-volatilizable", impurities... For 

Application November 5, 1946, Serial No. 707,819 
9 Claims. (Cl. 75-66). 

use of Special equipment, and as a consequence 
it. must be handled with considerable care and 
precaution. . . . . ‘. . . . . . . is 

In the process of purifying metallic mag 
nesium, of the type produced by the carbothermic 
process, the operation in the past has been to 
place the finely divided magnesium together with 
its accompanying impurities (i. e. magnesium 
oxide, magnesium carbide, carbon, silica, etc.) 
into a pelleting machine and then to feed the 
resulting 'pellets into a retort. The retort was 
hermetically Sealed and then lowered into a pit. 
furnace and evacuated to decrease the distilla 
tion temperature. Any volatile binders and in 

purposes of illustration, however, the invention 15 purities. Were first distilled off at a low tempera 
g'will be described with particular reference to the 
treatment of magnesium. It is especially suited 
to the recovery of magnesium from carbothermic 
Emagnesium dust. . . . . . ; : . . . . ; . . . . . . . . . . ; 

ture and then the temperature was raised until 
ithe magnesium metal was volatilized. Because of 
the evacuated interior of the retort and be 
cause of the low heat conductivity of the charge 

: In the carbothermic process for the production 20 stock, and the high heat capacity of the retort, 
of metallic magnesium a mixture of magnesium 
oxide and carbon is subjected to a temperature 
;in the order of 2000°C. whereby magnesium and 
carbon monoxide are formed according to the 

: following reaction: . . . 
. . . . . Mgo--C=Mg+CO 3. 

w or since this reaction is reversible it is necessary 
to cool the magnesium and carbon monoxide to 
a point where they are stable in the presence of 30 
Feach; other. This cooling or chilling operation 
::is rapidly effected with the aid of large quantities 
of: a chilling medium such as natural gas, liquid 
hydrocarbons, hydrogen, or certain of the noble 

the process Was: extremely slow. The retorts 
were subjected to high temperatures because of 
the necessity of transferring. heat through the 
shell of the retort, and thence by radiation 

25 through-the-poorly conducting pieces of charge 
stock containing the magnesium. ... The capital 
investment in heavy plant equipment was ex 
itremely high and equipment life was short be 
cause of the severe conditions in posed upon it. 

It is an object of the present invention to pro 
vide a method for the distilation of volatilizable 
metals whereby the heat required for the dis 
tillation of the metal. from the charge Stock is 
carried directly to the charge Stock by a carrier 

gases: : However, even when good chilling ef- 35 gas. An additional object is to provide a method 
ficiency is achieved there is some reversion of 

...the reaction. So that the product recovered COm 
prises a mass of about fifty per cent metallic 
magnesium with the remainder magnesium oxide 
and carbon in the ratio of about 60 to 40.: There 40 
are also relatively small amounts of carbides 
present in addition to lesser, amounts of calcium, . 
silicon; sodium, iron and aluminum and their 
oxides. The material is finely divided and the 

for the distillation of metals which is rapid and 
efficient, and which does not require: the use of 
expensive plant equipment or severe operating 
conditions that are highly destructive to plant 
equipment. 

: In practicing the present, invention, a strean 
of carrier gas. is first heated to a temperature 
above, the boiling temperature of the volatilizable 

: metal sought in pure form, and then the heated 
individual particles range in size for the most 345 carrier gas is circulated through a bed of the 
part from several microns to a small fraction of 
one micron. In the industry this product is 
usually referred to as carbothermic magnesium 
dust. . . ' ' - ... r 

igh purity from carbothermic magnesium dust 
is a very difficult problem. The dust is pyro 
phoric in air, and must be handled in an inert 
atmosphere, or be wet down, with liquid hydro 

charge stock contained in an insulated chamber 
or retort. Continued circulation of the hot car 
rier gas causes a rapid rise in the temperature of 
the charge stock until the boiling temperature 

The recovery of solid metallic magnesium of 50 of the volatilizable metal is approached. At 
these elevated temperatures the metal exhibits 
an appreciable vapor-pressure and, in the pres 
ence of the stream of carrier gas, it vaporizes at 
a rapid rate. The metal vapors are conveyed by 

carbons. It is not readily pelleted without the 55 the carrier gas to a condenser where the metal is 
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condensed to the liquid or solid state and sepa 
rated from the carrier gas. The recovered car 
rier gas is recycled under pressure through a 
suitable heating Zone and fed back through the 
charge stock. 
In the event that any dust is mixed with the 

charge stock pellets, fragments, or other agglom 
erates it may be blown out of the charge stock 
early in the heating cycle by several blasts of cars. 
rier gas. The dust particles picked up by the 10 
carrier gas blasts are then separated from the . . 
carrier gas by the use of cyclone-filters or other. 
suitable dust separating means. X X 2 x 
In a modified embodiment of the present inven. 

tion, a preheating step may be interposed where 
by hot preheat carrier gas, which has received its 
heat from hot residue of a completed distillation 
(or from other recovery sources), is circulated 
through the charge stock agglomerates to heat 
them to a temperature somewhat below the melt- 20 
ing-point of the metal to..be vaporized. As de 
scribed, above, volatile binders such as mineral 
oil, asphalt, pitch, etc.-and volatile impurities 
may be removed by evaporation, and dust. may be 
removed from the chargestock agglomerates duri 
ing this preheating step. After this preliminary 
cleaning and preheating step, the volatilizable 
metasis...fused and vaporized with the aid of the 
heat supplied from hot. vaporization carrier gas 
in the manner described above. 
The adoption of the preheating carrier gas step 

permits a simple and economic separation of dust 
from the carrier gas when such separation of dust 
is necessary. If appreciable amounts of dust are 
present with the metal vapors in the carrier gas 
that enters the condenser, the condenser may be 
icone fouled by accumulated dust particles, and 
the rate of heat transfer to the cooled condensing 
Surfaces Will be decreased. In addition, the en 

2 5 

3.35 

trained, dust may conitanhinate the , recovered 30 ; 
metal With impurities and thereby decrease its 
value. m 

Dust separators, such as... filters and cyclones, 
employed in the process of the invention must be 
in Iaintained at temperatures above the condenser 
temperattires. By the use of a dust collector in 

- the primary preheatigas:stream, lower: tempera 
tures may be used on the dust collector. The pri 
nary preheat gas stream, which is better adapted 
for freeing the charge stock of dust, may be sent 50 
through the pelleted charge stock at a higher ve 
locity than the secondary vaporization carrier gas 
Stream, which carries, metal vapors that must be 
Condensed. 

. The carrier gases employed in the present proc 
sess are preferably inert. Hydrogen, because of 
its inert character to magnesium and most of the 
volatilizable metals, has been found to be very 
Satisfactory. . Such inert gases, as helium, and 
argon may also be used. 

Pressures above atmospheric are conveniently 
used in the process, thereby minimizing the 
danger of air infiltration into the carrier gas sys 
tem. The process may, however, be operated at 
pressures near or far below: atmospherie pressure 
by using suitable precautions to prevent leakage 
of air into the System. . ... ' 
The carrier gas may be heated by any suitable 

means such as refractory.pellets of the type con 
tained in Royster stoves, or by electrical resistance 70 
elements, similar to Globar rods, made of silicon 
carbide, which may be safely operated up to 2600° 
F. Metallic resistors may be used, provided the 
upper temperature limits are within the safe 
working range of the alloy. The heating may 758 

3.35 

608 

65.3 

scribed. 

and 6 of the retort, and of ducts: 

4. 
also be accomplished by radiant heater tubes 
made of high temperature alloy. These tubes are 
sealed off from the carrier gas in the heating fur 
nace. Combustion of fuel within the heater tubes 
Supplies the necessary heat. 

Since all the high temperature heat required in 
the instant process is supplied directly to the 
carrier gas from within' the enclosed: system 
rather than from heat, supplied itb'the outside 
Walls of portions of the equipment, none of the 
nietal walls of the equipment-such as retorts, re 
tort shells, etc.--are at high temperatures during 
the operation of the process. It is, therefore, pos 
sible to line the hot gas ducts and the vaporiza 
tion retorts with high temperature refractory and 
instulating lihings' such as, for example, carbon 
in the hottest Zones, and magnesia in the low 
temperature Zones. Thus heat losses are reduced, 
the need for expensive heavy plant equipment is 
obviated, and the metail walls and heat insulat 
irig matérial are: not destroyed by oxidatest or 
reduction reactions 
: The carrier gas process of the invention may be 
operated in either batch or continuous manner. 
Examples of: both nodes of operation will be:ties 

Fig, 11 is a descriptive drawing of aidistilation 
or vaporization retort, which may be used in cons 
nection with a batch type operation of their ven 
tion. 
A gas-sealed charging hopper f0, into, which 

funnell empties, is equipped with plugivalves;2 
and 3 and is mounted on top of retort. 14. Bee 
tween the top of retort 4 and plug valve 35there 
is installed a spectacle slide valves 5, 

Retort. is composed of a top-seetion 6 arida, 
bottom section f7. Both top-and-bottom sections 
of the retort are composed of joined" cylindfieal 
Sections and truncated cone sections as shown in 
Fig: 1. The walls of section 8, of top-section f6 
are slightly inclined inward from the vertical and 
form a truncated cones rather: than a cylinder. 
Gpening into the top and bottom:sections of the 
retort are gas inlet ducts 9 and 20 respectively. 
Spectacle slide valves 2, 22 and 23 are fitted to 
ducts 9 and 20, and to the outlet at the bottom of the retort. High-temperattire alloy plug cocks 
24, 25; and 26 are installed adjacentitó.the-spec 
tacleside valves. 
The walls of the top. and bottom:sections: 5 

98 and 20 
Eich is are composed of a steel outershes 

lined with refractory carbon brick litigbacked 
tip with carbon: black heat...ihsulations 
Near the top of the bottom section of the re tort? are: fastened: two hinged semi-circularigate 

bars 2. The grategbars are:made of fighter 
perature: alloy and the förged hiriges of; tie 
grates are oil-cooled. The spectacles sliderivalves 
5, 21, 22, and 23 are also oil-cooled and of proper design to withstand high-temperatures. If refining magnesium in agglóriefated: 

bothermic magnesium dust; tising the apparatus 
of Fig. 1; the followish ing cyele of operations:iiisy 
be used to advantage: 

Charging 
The dry pellets, fragments, or other agglom 

erated forms of carbothermic magnesium dist 
are charged into funnel untilitisfied. The eharge is then dropped into charging hopper fo 
b opening valve f2. If the hoppief the charge 

by is purged free of air with this carrier 
When purgig is complete valve 2 is seen 

passing the gas upward thirough the chief   
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closed, and grate bars 27 have been locked into 
horizontal position, valves. 3 and 5 are opened 
and the charge drops into the retort. (which is 
purged of air, and contains an atmosphere of 
inert carrier gas) and onto the grates 2 above 
which a bed of charge stock is formed. 

Preheating 
If preheating is practiced, a preheating carrier 

gas stream, is passed through the bed of charge 
stock. Valves 3, 5, 23 and 26 are closed and 
Valves 2, 22, and 25 are opened to pass the hot 
gas through duct. 2) up through the cold charge 
Stock and out through duct 9. By this process 
the retort and charge are warmed up to a uni 
form temperature of about 1204 F., the melting 
point of magnesium. At this temperature the 
Vapor pressure of magnesium is less than about 
2 mm. of mercury and Only a small amount of 
vaporization occurs. -, 
During this preheating step loose dust and 

broken pellets are swept out of the pellet bed 
and into a dust separator. It is preferable, at 
...the beginning of the preheating stage, to briefly 
Scavenge the retort charge with a high velocity 
blast of carrier gas for the purpose of removing 
dust from the charge bed. If the charge stock 
contains a volatile material such as a hydrocar 
bOn binder this material is conveniently vapor 
ized from the charge during the preheating step. ; 

Vaporiating 
After the preheating cycle has been completed, 

the preheating gas stream is shut off and a stream 
of vaporizing carrier gas, having a higher tem 
perature, is circulated through the retort in the 
same manner as described for the preheating 
carrier gas stream. This circulation is continued 
until sufficient heat is supplied to vaporize the 
metal in the dry pellets, fragments or other ag 
glomerated forms. Practically the entire metal 
contents of the charge stock is vaporized and 
carried away in the hot, carrier gas to a con 
denser. (not shown) where the magnesium is re 
covered by condensing: it to the liquid or solid . 

... state. 
The temperature of the carrier gas used on 

magnesium charge stock should not be appre 
ciably below 2015°F. for rapid vaporization of the 
metal. When the temperature of the carrier gas 
is appreciably below 2015°. F. a much larger vol 
"ume of carrier gas is necessary to vaporize a given 
mass of magnesium then when carrier gas hav 
ing a temperature above 2015 F. is employed. 
Carrier gas temperatures as high as 2035 to 2050° 
F. are preferable for rapid rates of vaporization 
and have the additional advantage that smaller 
volumes of hot carrier gas are required. Car 
rier gas temperatures above 2050 F. may be used 
to great advantage in the process when heating 
elements are available to heat the carrier gas to 
these higher temperatures, 
The rate of circulating the Carrier gas is also 

important in connection with the speed of vapor 
ization of the metal and the volume of carrier 
gas required to effect complete vaporization. The 
rate of gas circulation will, in turn, depend upon 
the depth and temperature of the charge stock 
as well as the size of charge stock agglomerates, 
radiation conditions, etc. The optimum rate of 
carrier gas circulation is determined experi 
mentally for each set of conditions. 

Residue cooling 
After the vaporization cycle is completed, the 

O 
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60 

65 
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6 
carrier gas stream is shut off and a stream of 
cold carrier gas is circulated through the hot 
bed of residue in the retort in the same manner 
as described for the previous gas circulation 
cycles. The Cold carrier gas cools the hot resi 
due and is itself heated sufficiently to be used 
as a preheating carrier gas stream in another 
retort charged with cold agglomerated charge 
stock. The cold carrier gas stream is circulated 
until the residue bed is cooled to 1200°F. or any 
other desired temperature. 

Discharging 

After the residue and the retort have been 
cooled to the desired temperature the cooling 
gas stream is shut off, valves 2, 24, 22 and 25 
are closed and valves 23 and 26 are opened to a 
residue receiver (not shown) which was pre 
viously purged with a blanketing gas. Hinged 
grate bars 2 are then lowered as shown by dotted 
lines in Fig. 1 and the residue drops down out 
of the retort into the residue receiver. The retort 
is then ready to be charged again as described 
above. ... : : 

The above cycles of operations are essentially 
the same for the recovery of other volatilizable 
metals than magnesium except that different 
temperatures are employed. 

Fig. 2 is an illustrative drawing of an appara 
tus which may be employed to continuously evap 
Orate Volatilizable metals in accordance With the 
method of the invention. 
In operation with agglomerated carbothermic 

magnesium dust in the form of pellets, for ex 
ample, the gas tight, inert gas filled surge cham 
ber () is continuously charged with stock from 
gas locked feed bins (not shown) through pipe 

. A continuous, gradual movement of the 
charge stock is maintained downward in rectan 
gular retort tube 2, which is about six times 
as wide as it is thick. As the charge stock moves 
into the Zone of preheat carrier gas duct 3, 
it is preheated by a cross-stream of inert pre 
heat carrier gas (having a temperature of about 
1250 F.) passing through duct 3 and into cy 
clone separator f4. In cyclone separator f4, any 
dust that is picked up from the downward mov 
ing charge by the preheat carrier gas is separated 
from the gas, and recycled through a pelleting or 
agglomerating station to the feed bins. The pre 
heat carrier gas leaving cyclone separator. 4, 
through pipe 5, may be recirculated as cooling 
gas in the manner described below. 

In its continuous movement through retort tube 
2, the preheated charge stock next enters the 
zone of vaporization carrier gas duct 6, where 
it is contacted by a cross-current of hot inert 
vaporization carrier gas having a temperature of 
2100 to 2150° F. or more. While passing slowly. 
through the vaporization carrier gas cross-cur 
rent at the mouth of duct f6, the charge stock 
is heated sufficiently to cause substantially com 
plete vaporization of the magnesium from the 
stock into the Stream of hot vaporization carrier 
gas. The magnesium is recovered from the hot 
vaporization carrier gas stream by passing the 
stream through a condenser (not shown) 
wherein the magnesium vapor is condensed fo 
either the liquid or solid state. 
From the mouth of duct 16, the hot residue 

fragments or agglomerates continuously pass to 
the Zone at the mouth of duct T. Here they 
give up a substantial portion of their heat con 
tent to a croSS-current of cooling carrier gas. 
This cooling carrier gas may be circulated from 
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cyclone, separatori" outlet pipe. f 5, . After: it is 
heated by the residue...it may be passed into pre 
heaticarrier...gasduct%3. 
: The cooled, residter agglomerates are moved 
downwardi continuously through an ... adjustable 
discharge mechanism (not shown) and into a 
residue receiver" (not shown); corinected to the 
bottom of retorti-tube f2., 
... Irisimilar batch or continuous methods of top 
eration, other. volatilizable metals such assodin, 
potassium, rubidium, cesium, barium, strontiuin, 
calcium and zinc, may be recovered from car 
bothermic reduction dusts, and the like, and the 
invention is not intended to be limited to the 
refinehment of, iiietallic magnesium alone. Hów. 
ever, it is particularly advantageous in recover 
ing the latter nietal Siffee several of the difficulties 
encountered with magnesium are not encountered 
with all other readily volatilizable metals. 
The process of the invention is not intended 

to be limited to pelleted carbothermic dust of 
izable metals, but is applicable to the 

recovery of voiatilizable metals from any ag 
glomerates or fragments composed of volatiii.2a3le 
metals such as zinc, mercury, barium, strontium, 
calcitin, sodium, potassiurn, rubidium, cesium, 
magnesium, cadmium, bismuth, arsenic, anti 
mony, radium, selenium, etc., and containing 
nonavolatilizable impurities such as carbon, 
metal oxides, and other inorganic compounds. 
What I claim is: 
1. In the method of refining a mixture of a 

volatilizable metal andless volatile solid impurity, 
wherein the inixture is heated to a temperature 
sufficient to vaporize the metal but insufficient to 
vaporize the inpurity, and the metal vapor is 
separated from the unvaporized inpurity, the in 
provement which comprises: supplying the heat 
of vaporization of the metal directly to a bed of 
agglomerates of said mixture by means of a pre 
heated inert gas, by passing a stream of the hot 
preheated gas through said bed of the mixture 
at a temperature and at a rate such that the 
metal'exerts a substantial vapor pressure, thereby 
vaporizing the metal from said mixture into 
said stream of hotlinert gas at a substantial rate 
by virtue of the heat transferred from the hot 
preheated gas to the bed of the mixture; and 
separating the metal from the hot. inert gas 
Stream. - 

2. The improvement of claim 1, wherein said 
less volatile impurity is composed largely of the 
oxide of the volatilizable metal and a reducing 
agent capable of reducing the oxide to the metal 
at a high temperature, and the temperature of 55 Nmber 
the mixture of inert gas and finely divided solids 
is: well below temperatures at which substantial 
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reduction of the oxide: by the reducing, agent 
0CGurS but is Sufficiently high to produce substan. 
tial vaporization of the:metal. 

3. In the method of refining a mixture of image 
nesium metal and less volatile solid" impurity 
composed largely of magnesium oxide and carbon, 
Wherein the mixture is heated to a temperature 
Sufficient to vaporize the metal but insufficient to 
vaporize.the impurity, and the metal vapor; is 
separated from thesittivaporized impurity, the ina. 
provement which comprises: supplying the heat 
of Vaporization of the metal directly to a bed of 
aggiómerates of said mixture, bypassing a stream 
Gfinert-gas, preheated to... a temperature, within 
the range of about 2015° to 2050 F., through said 
bed. Of the mixture at a...rate such that the metal 
exerts...a...Substantial vapor pressure, thereby, wa 
porizing the metal from said mixture, into: said 
Stream of hot...inert gas ati, a substantial rate; by 
Virtue of the heat transferred from the hot pre 
heated gas to the bedi of the: mixture; aridsepa 
rating the metal from the hot;inert gas stream. 

4:... The in provernerit of claim. 3, whereini said 
inert gas is hydrogen. 

25 5. The improvement of claim,3, whierein, said 
inertigaS is a noble gas. 

6. The method of refining a solid mixture. Of 
volatilizable metal and less volatile inpurity, 
which comprises establishing a cyclic fiow of a gas 
..which is illert with respect to the metal, heating 
the gas during the course of its flow to a tempera 
ture at which the metal exerts a substantial vapor 
pressure but below. the temperatures of Substan 
tial vapoi'ization of said impurity, passing a 
stream of the hot inertigas, after it has been thus 
preheated, through a-bed of agglomerates of said 

transfer from the gas to the solids and to effect 
Substantial vaporization of the metal from the 
solid mixture, then condensing metal vapor from 
the inert gas and recycling-the inert gas. 

7. The method of claim 6, wherein the volatiliz 
able metal is an alkali-metal. 

8:... The method of claimi6, wherein the volatiliz 
askie metal is an alkaline-earth metal. 

9. The method of claim 6, wherein the volatiliz 
able metal is3Zinc 
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