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This invention relates to an apparatus and a method 
for the condensation of metallic vapors. More particu 
larly, it relates to an improved apparatus and method 
for abruptly chilling metallic vapors by use of a liquid 
quench. 

in the thermal reduction of magnesium oxide with car 
bon and in the distillation or sublimation of volatile 
metals, such as magnesium, zinc, and aluminum, it is often 
desired to abruptly chill the metal vapors to a temperature 
considerably below the melting point of the metal. It is 
necessary to abruptly cool the product obtained by ther 
mal reduction of magnesium oxide with carbon in order 
to prevent the reverse reaction from converting the mag 
resium back to magnesium oxide. A convenient method 
of abruptly chilling the metallic vapors or products is 
by quenching the product with a liquid. In quenching 
metallic vapors with a liquid at a sufficiently low quench 
temperature, the metal is condensed in fine particle size. 
Thus the quenching of metallic vapor with a liquid may 
be used as a simple method for the preparation of a metal 
in fine particle size. 

In quenching of metallic vapors, a difficulty is encoun 
tered of keeping the inlet to the quench chamber or 
the outlet from the furnace from becoming cooled. Ordi 
narily surfaces ahead of the quenching Zone are cooled 
by the quenching liquid causing the metallic vapors issu 
ing from the furnace to come into contact with these 
cooled surfaces and solidify. Upon solidification, the 
metal adheres to the cooled surface. Thus the condens 
ing metal gradually builds up until the passageways ahead 
of the quench zone may become plugged. In most of 
the apparatus a reamer is provided which in frequent 
intervals, e.g. every 2 to 8 hours, is passed through the 
inlet to the quench chamber and the discharge tube of 
the furnace to remove the metal which has solidified 
at these points. Often it is necessary to shut down the 
equipment in order to remove the solidified metal. The 
elimination of the inconvenience of the metal solidifying 
ahead of the quench chamber is greatly desirable. 

It is, therefore, an object of the invention to provide a 
method and an improved apparatus for abruptly cooling 
metallic vapors by quenching with a liquid medium where 
in the metallic vapors issuing from the discharge line in 
the furnace do not solidify in the discharge line or in 
the inlet to the quench chamber. A further object is to 
provide a method and an apparatus for quenching metal 
lic vapors wherein the metallic vapors may be abruptly 
chilled to a temperature considerably below the melting 
point of the metal to produce a metal product in Sub 
micron particle size. 

Other objects and advantages will become apparent as 
the description of this invention proceeds, reference being 
had to the accompanying drawings in which: 
FIGURE 1 diagrammatically shows a sectional eleva 

tion of the improved quenching apparatus. 
FIGURES 2 and 3 are sectional views of the apparatus 

shown in FIG. 1 taken through planes 2-2 and 3-3, 
respectively. 
FIGURE 4 shows a modification of the quenching 

apparatus of FIGURE 1. 
In FIGURE 1, the quench apparatus is indicated gen 

erally by numeral 10. The apparatus comprises a cylin 
drical vessel i vertically disposed. The wall of the 
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upper portion is tapered inwardly to form a frustum 
shaped section 12 opened at the top to provide an inlet 
f3 to the vessel. The wall of the bottom portion is also 
tapered inwardly to form a frustum shaped section 14 
open at the bottom to provide an outlet 6. While it is 
not necessary to have a conical shaped section at the bot 
tom of the vessel, it facilitates removing from the appa 
ratus the slurry obtained upon quenching the metallic 
Vapors. A cylindrical shell 7 encompasses the upper 
portion 12 of the vessel. The bottom of the cylindrical 
shell is attached to the vessel as by welding and the top 
edge i3 of the shell extends above the top of the vessel. 
An annular deflection plate 9 is attached as by welding 
above the top of the vessel inside of the cylindrical shell 
a short distance below top edge 18 of the cylindrical shell. 
An opening 20 in the center of the deflection plate is 
aligned with inlet 3 of the vessel along its vertical axis. 
The top edge 21 of inlet i3 is spaced a short distance 
from the undersurface 22 of the deflection plate so as to 
provide an opening or space 23 between the deflection 
plate 19 and the top edge of the inlet. The cylindrical 
shell £7, deflection plate 19, and the outer surface of 
Section 12 of the vessel form an annular duct 24 en 
compassing section E2 and the inlet 3 to the vessel with 
opening 23 Serving as a passageway between the duct 
and inlet to the vessel. The annular space 24 has three 
tangential inlets 26, equally spaced around the periphery 
of cylindrical shell 7 as shown. in the quench section 
25 of the vessel, below section 2, nozzles 27 extend into 
the vessel through which the quench liquid is introduced. 
The nozzles are disposed to direct the liquid downwardly 
and toward the vertical axis. Three nozzles are shown 
distributed equidistant around the periphery of the vessel. 
It is apparent that the number of nozzles to the quench 
Section or inlets to the annular space 24 may be widely 
varied. They can be increased above 3 or reduced to 
only 1 inlet and 1 nozzle. The positioning of the nozzles 
and the inlets may be more clearly seen in FIGURES 2. 
and 3. 
A flange 29 attached to the bottom of the vessel and 

Surrounding outlet 16 may be used as a means of attach 
ing to the quench apparatus a receiver (not shown) in 
which the slurry of the quenching liquid and metal par 
ticles are collected. At the top, a flange 31 around the 
periphery of the cylindrical shell 17 also serves as a 
means of attaching the apparatus to a furnace of which 
only a fragmentary portion is shown and indicated gen 
erally as 32. As shown the furnace has a correspond 
ing flailge 33 and is attached to the quench apparatus 
by use of bolts 34. A discharge line 36 through which 
the vaporized metal is discharged from the furnace is 
directed downwardiy and centered along the vertical axis 
of the quench apparatus. The discharge line is encased 
in insulation 37. Since deflection plate E9 is located 
Within the cylindrical shell at a distance down from the 
top edge 18 of the cylindrical shell, a space 38 is pro 
vided between the top of the deflection plate and the bot 
ton of fiange 33 of the furnace discharge line. 

In FIGURE 4, a modification of the apparatus is shown 
wherein the upper frustum shaped portion of the vessel 
is replaced by a cylindrical shell 48 of reduced diameter 
with respect to the body or quenching zone 41 of the 
vessel. The portions of the vessel which are the same as 
the vessel shown in FIGURE 1 are identified by the same 
number as used in FIGURE 1. 

in the operation of the apparatus, the nozzles 27 and 
inlets 26 to the annular duct 24 are connected to pipe 
lines Supplying the quench liquid. The quench liquid 
is introduced through the tangential inlets 26 at sufficient 
rate to produce a flow of the liquid in the duct around 
the vessel. As the annular duct 24 becomes filled with 
liquid it will pass over the top edge 25 of inlet 13 at 
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the top of the vessel with a swirling motion and pass 
down along the inner wall of the frustum shaped sec 
tion 12 of the vessel. The swirling motion imparted to 
the liquid aids in obtaining complete coverage of the in 
ner surface of the frustum shaped section 12 with the 
liquid. Thus, a moving liquid film on the inner wall of 
the upper frustum shaped section of the vessel is obtained. 
While it may not be necessary to have the inlet 26 tangen 
tially located to provide the Swirling motion for the liquid 
in annular duct 24, a more uniform liquid film and com 
plete coverage of the inner wall of the vessel is more 
easily obtained by passing the liquid over edge 21 while 
it is moving in a circular path. The deflection plate 19 
keeps the moving liquid from splashing on to the furnace 
flange 33 or the insulation around the discharge line 36, 
even though the space 23 between the deflection plate 
and top edge 21 of the inlet to the vessel may be suffi 
ciently large so that the height of the liquid above edge 
21 of the vessel would not normally contact the deflection 
plate. The quench liquid being introduced into the 
quench apparatus through nozzles 27 is directed down 
wardly and towards the center. The vaporized metal 
coming from a furnace (not shown) issues through line 
36 directly along the vertical axis of the apparatus and 
passes into the vessel i through inlet 13. It passes 
through an intermediate zone or the frustum shaped por 
tion of the vessel before discharging into the quench 
Zone. In the frustum shaped portion 2, the velocity of 
the metallic vapor stream is sufficiently reduced by the 
enlargement of this portion of the vessel to obtain good 
contact with the quench liquid in the quenching zone. 
While passing through the frustum shaped portion 12 of 
the vessel, the metal particles which move out toward the 
wall contact the film of liquid passing over the surface 
and are carried down in the liquid film upon solidification. 
Consequently, it is essential that all of the surface inside 
of the vessel ahead of the spray nozzles be covered by 
a moving liquid film. Any area which is not covered 
with the liquid will result in the metal vapors contacting 
this area and upon solidification adhere to the surface. 
The volatile metals are good heat conductors. Once 
some of the metal has condensed on the surface of the 
vessel, it will continually build up until the apparatus 
becomes plugged unless prevented by the liquid film as 
provided by this apparatus. 

In addition to slowing down the metallic vapor stream, 
the upper frustum shaped portion 12 of the vessels serves 
as a means of removing the quench Zone of the apparatus 
from the immediate vicinity of the discharge line of the 
furnace or inlet without appreciably cooling the vapors. 
Since the discharge line of the furnace is located at a 
distance from the quench Zone of the furnace, it is not 
cooled by the quenching. As the result, no solidification 
of the metal takes place at the furnace outlet. 
Thus the metallic vapor issuing from the furnace is 

abruptly chilled by quenching the vapor to produce a 
sub-micron particle size product by passing the vapor 
from the furnace discharge line through an intermediate 
zone downwardly along the vertical axis of the Zone be 
fore discharging the vapor into a quench zone. The walls 
of the intermediate Zone in alignment with the direction 
of the metallic vapor flow are continuously washed with 
a quench liquid to have the surface of the walls adjacent 
to the flowing vapor completely covered with a moving 
film of the liquid. In the quench Zone the vapor is con 
tacted and abruptly chilled by a spray of quench liquid 
discharged into the quench Zone. 
The apparatus is particularly useful in a process where 

it is desirable to produce sub-micron sized particles of 
magnesium and sodium. To obtain Sub-micron particles, 
it is essential to abruptly cool the metallic vapors. To 
a certain extent, the more rapidly the vapors can be 
cooled through the condensation temperature gradient the 
finer the condensed particles will be. While particles ob 
tained on more gradual cooling may still be fine, they will 
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4 
generally be above micron size. Spray quenching is the 
most convenient way of obtaining the required fast cool 
ing to produce submicron particle size. Spray quenching 
has a further advantage in that the particles of metal 
upon condensation are coated with droplets of oil. Thus 
the fine particles of the condensed metal are carried down 
with the droplets of oil. With other methods, the metal 
condenses to form a fine particle dust which is very diffi 
cult to recover. 
To condense the major portion of the metallic vapors 

in sub-micron size, a particle size of from .05 to .5 micron, 
it is desirable in quenching the vapor to use a large 
amount of quenching fluid. As the result a slurry is 
formed which may contain only a fraction of a percent 
of magnesium. It is costly to process a slurry of low 
concentration to recover the small amount of magnesium 
that it contains. Consequently, it is desirable to cool the 
slurry obtained from the quench apparatus and to recycle 
it until the concentration of the magnesium in the slurry 
approaches usually about 3 weight percent and at times 
considerably higher. 

It is apparent that the apparatus may be modified in 
numerous ways without departing from the scope of the 
invention. The body of the vessel or the quench zone 
of the vessel may be of any cross-sectional shape. As 
shown it is cylindrical, but a square, rectangular, and the 
like may be used. The bottom portion of the vessel 
which is shown to be conical shaped or frustum shaped 
is made in this configuration to aid in draining the slurry 
from the vessel. This portion of the vessel may be made 
in any shape and does not play a significant part in the 
successful quenching of the metallic vapors to obtain the 
metal in sub-micron particle size without solidifying the 
metal ahead of the quench Zone. The duct surrounding 
the inlet to the vessel may also be of any shape. It is only 
necessary to have the quench liquid flowing over the top 
edge of the inlet so that a moving film of liquid may be 
obtained covering the inner surface of the upper portion 
of the vessel. 
The inlet to the vessel and the opening in the deflection 

plate should be of sufficient size so as not to interfere 
with the vapor stream issuing from the furnace discharge 
line. The apparatus is operated under a reduced pres 
sure with respect to the furnace so that the metal vapors 
discharge into the quenching vessel at an appreciable ve 
locity. Since the vapors are traveling at an appreciable 
velocity, the stream will discharge a short distance from 
the end of the discharge line and into the vessel through 
inlet 13 without being unduly enlarged by deflection or 
the divergence of the stream. Consequently, the opening 
20 of the deflection plate and inlet i3 of the vessel do not 
have to be very much larger than the discharge line of 
the furnace. However, generally the ratio of the diameter 
of the furnace line to the diameter of the openings of the 
deflection plate and the inlet to the vessel is in the range 
of 1:2 to 1:8, preferably in the range of 1:3 to 1:5. 
Openings having a diameter greater than 8 times the 
diameter of the discharge line is undesirable. The vapor 
stream as it enters the vessel creates eddy currents which 
may carry the metallic vapors from the vessel to the insu 
lation surrounding the discharge line if the openings are 
too large. Solidification of the metal around the dis 
charge line may thus become started. 
While the upper portion of the vessel may be cylindri 

cal in shape, as shown in FIGURE 4, a vessel having the 
upper portion shaped as a frustum as shown in FIGURE 
1 is preferred. In a frustum shaped upper portion as 
shown in FIGURE 1, the currents created by the turbu 
lence of the vapor stream entering the vessel may be more 
easily retained within the vessel without allowing them to 
leave the vessel through the opening and contacting the 
surface around the discharge tube of the furnace. With 
the upper portion of the vessel being cylindrical as shown 
in FIGURE 4, this portion of the vessel serves mainly as 
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a means of removing the quenching zone from the im 
mediate vicinity of the furnace discharge line. 
The frustum shaped vessel is more flexible, in that its 

height or length and the vapor velocity entering the ves 
sel are relatively immaterial. In a vessel having the upper 
portion cylindrical as shown in FIGURE 4, the upper por 
tion must be long enough to remove the quenching Zone. 
from the vicinity of the discharge line. However, it must 
not be too long or it will gradually substantially cool the 

i vapor stream. The vapor stream may be sufficiently 
cooled so that upon quenching the desired fine particles of 
the metal are not obtained. Thus, the velocity of the 
vapor stream will determine the optimum length for this 
particular section. Although a certain amount of flexi 
bility is possible, there is a limit as to the length or 
height of the cylindrical upper portion which is desirable 
for a given velocity of the metallic vapor stream issuing 
from the discharge line. 

Generally, when the upper portion of the vessel is not 
frustum shaped but cylindrical, the diameter of the upper 
portion is smaller than the quench portion of the vessel. 
In the quench section it is desired to have the area en 
larged so that the velocity of the vapor is sufficiently re 
duced to obtain good contact and mixing with the quench 
liquid sprayed into the vessel. The cross-sectional area 
required to obtain the required reduction in velocity is 
generally larger than 8 times the diameter of the furnace 
discharge line. 

In a vessel having the upper portion frustum shaped, 
the slope or angle of the frustum shaped portion may be 
varied over a wide range. A frustum section such that 
the wall of the section tapers inwardly at the top or out 
wardly at the bottom to form an angle of from 20 to 45 
degrees with respect to the vertical axis is generally pre 
ferred, with 30 degrees being the optimum. When the 
wall of the frustum shaped portion forms an angle greater 
than 45 degrees with respect to the vertical axis of the 
vessel, it may be difficult to maintain a liquid film on the 
underside of this portion of the vessel. With the angle 
being less than 20 degrees, the slope of the frustum shaped 
portion is small enough so that its operational character 
istics approach those of a cylindrical section as discussed 
above. 
An apparatus similar to that shown in FIGURE 1 was 

used in quenching of magnesium vapors for the produc 
tion of magnesium in a fine particle size. The quench 
apparatus was attached to a downwardly projecting dis 
charge line from an electric furnace in a manner similar 
to that shown in FIGURE 1. The discharge line was a 
graphite tube of about 2 inches in diameter. Magnesium 
was charged to the furnace where it was heated or vapor 
ized at a rate such that approximately 20 pounds per 
hour of magnesium vapor discharged into the quench 
apparatus. The vapors were drawn into the quench 
chamber from the furnace by maintaining a reduced pres 
sure in a receiver to which the quench apparatus was 
attached. 
The quench apparatus had an overall length or height 

of approximately 31 inches with the quench zone being 
about 18 inches in diameter. The upper portion of the 
vessel was frustum shaped with walls tapering in to form 
an angle of 30 degrees with respect to the vertical axis 
of the vessel. This upper portion was approximately 9 
inches in height or length. The opening in the deflection 
plate and the top of the vessel was approximately 8 
inches in diameter. The duct surrounding the opening of 
the vessel was provided with one tangential entry. The 
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quench Zone was equipped with 3 flat spray nozzles sym 
metrically spaced around the periphery of the vessel. In 
the operation of the apparatus, 11 gallons per hour of a 
jet engine fuel oil, referred to as JP-4 under United 
States Government specifications, were charged through 
the tangential entry into the duct. The fuel oil was 
passed over the edge of the inlet to the vessel and as a 
moving film flowed down the inside of the frustum shaped 
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portion of the vessel. In the quench zone, 13 gallons per 
hour of the fuel oil was sprayed into the vessel through 
the three nozzles. The slurry obtained upon quenching 
was cooled and recycled through the spray nozzles and 
the upper portion of the vessel until a slurry containing 
approximately 2 weight percent of magnesium was ob 
tained. When a slurry of this concentration was obtained, 
a portion was withdrawn to recover the magnesium while 
make-up fuel oil was added. 

In a continual operation of 11 hours, a total of 150 
pounds of magnesium was recovered. The magnesium 
obtained was in sub-micron particle size between .05 to 
.3 micron. No plugging of the discharge line or to the 
entry of the quench chamber was obtained. After the 
run, the quench chamber was inspected. No noticeable 
amount of magnesium had condensed around the dis 
charge line of the furnace or the entry to the vessel. 
What is claimed is: 
1. An apparatus for the condensation of a metal vapor 

used in conjunction with a vaporization furnace, which 
comprises a vessel vertically disposed having an opening 
at the bottom and an opening at the top, an annular duct 
encompassing the opening at the top, said duct having a 
continuous open passageway at the top around the top 
edge of the opening of the vessel communicating with the 
vessel, at least one inlet into said duct, at least one nozzle 
into said vessel located at a distance from the top of the 
vessel, said nozzle having openings directed downwardly 
and toward the center of said vessel, means to attach the 
vessel to the vaporization furnace with the discharge of 
the furnace being aligned to discharge downwardly into 
the vessel along the vertical axis of the vessel, and means 
for the introduction of an inert cooling fluid into said 
nozzle and inlet to said duct. 

2. An apparatus for the condensation of a metal vapor 
used in conjunction with a vaporization furnace, which 
comprises a vessel vertically disposed having an outlet 
at the bottom, said vessel having the wall in the upper 
portion tapered inwardly to form a frustum shaped sec 
tion opened at the top with the opening being centered 
with respect to the vertical axis of said vessel, an annular 
duct encompassing the opening at the top of the vessel, 
said duct having a continuous open passageway at the 
top around the top edge of the opening of the vessel com 
municating with the vessel, at least one inlet into said 
duct, at least one nozzle in said vessel located below the 
frustum shaped section, said nozzle having openings di 
ected downwardly and toward the center of said vessel, 
means to attach the vessel to the vaporization furnace 
with the discharge of the furnace being aligned to dis 
charge downwardly into the vessel along the vertical axis, 
and means for the introduction of an inert cooling liquid 
into said nozzle and inlet to said duct. 

3. An apparatus for the condensation of a metal vapor 
used in conjunction with a vaporization furnace, which 
comprises a cylindrical vessel vertically disposed having 
an opening at the bottom, said vessel having the wall in 
the upper portion tapered inwardly to form a frustum 
shaped section opened at the top with the opening being 
centered with respect to the vertical axis of the vessel, 
an annular duct encompassing the opening at the top 
of the vessel, said duct having a continuous passageway 
at the top communicating with the vessel around the top 
edge of the opening of the vessel, at least one inlet directed 
tangentially into the duct at the outer periphery of the 
duct, at least one nozzle extending through the wall of 
said housing located below said frustum shaped section, 
said nozzle having openings directed downwardly and 
toward the vertical axis of said housing, means to attach 
said apparatus to the vaporization furnace with the dis 
charge of the furnace being aligned to discharge down 
Wardly into the opening at the top of vessel, and means 
for introduction of an inert cooling medium into said 
nozzle and the inlet to said duct. 

4. An apparatus according to claim 3 wherein the wall 
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of the frustum shaped section tapers inwardly so as to 
form an angle of 30 degrees with respect to the vertical 
aXS. 

5. In a process for abruptly cooling of a metal vapor 
to solidify the metal in a sub-micron particle size where 
in the metal vapor is discharged from a vaporization 
furnace through a discharge line into an enlarged quench 
zone and a liquid is sprayed into the quench Zone, the 
step to prevent the solidification of the metal on surfaces 
ahead of the quench zone which comprises passing the 
metal vapor from the furnace discharge line downwardly 
into an intermediate zone prior to discharging the vapor 
into the quench zone, said intermediate Zone being en 
circled by a falling film of quench liquid covering the 
walls of the intermediate zone. 
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8. 
6. A process according to claim 5 wherein the metal 

is magnesium. - 
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