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Application February 1, 1943, Serial No. 474,263 
1. Claim. 

This invention is concerned with the decom 
position of alkali metal amalgam in the presence 
of Waterior an alcohol having less than four car 
3On atoms to form alkali metal hydroxide or 
alcoholate. 

I have discovered that the decomposition of 
analgam of Sodiun potassium or lithium with 
Water or alcohols having less than four carbon 
atoms is facilitated to a pronounced degree if 
the amalgam and the water or alcohol are passed 
through a tower containing a decomposition elec 
trode in the form of a packing of electrically con 
ductive material with which mercury does not 
amalgamate substantially and which is prefer 
entially Wetted by the Water or alcohol, under 
conditions Such that the Water or alcohol forms 
a thin moving film on the packing and travels 
countercurrent to the amalgam through the 
tOWer. 
As described in mycopending application:Serial 

No. 378,917 filed February 14, 1941, now Patent 
2,336,045, of which this is a continuation in part, 
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my in Vention contemplates (in a process involv 
ing reaction of alkali metal from amalgam. With 
a liquid Selected from the group consisting of 
Water and alcohols having less than four carbon 
atOnS per molecule) the improvernent which 
comprises paSSing the amalgam and liquid in 
countercurrent contact with each other through 
a Space containing an electrode in the form of a 
packing of electrically conductive material with 
Which mercury Or the amalgam does not amal 
gamate substantially and which is preferentially 
Wetted by the liquid So that the liquid forms a 
thin moving film on the packing, the space in 
the packing, except for that occupied by the thin 
film, being Substantially filled by a pool of mer 
cury or the amalgam. Preferably, the packing is 
in Such form that it provides a plurality of tor 
tuous passages or channels, the walls of which 
are defined by the packing itself. In operating 
this proceSS, the liquid preferably is passed up 
Wardly-in the tower while the amalgam is passed 
downwardly, and improved results are obtained 
if the packing is flooded by a downwardly moving 
Stream of mercury or amalgam through which 
the liquid paSSes in countercurrent. 

Miy invention further contemplates, in appa 
ratus for reacting alkali metal from an amalgam 
thereof with a liquid selected from the group con 
sisting of Water and alcohols having less than four 
Carbon atoms per molecule, the combination 
Which comprises a tower, an electrode disposed 
in the tower and consisting of packing providing 
a plurality of passages through the tower and 
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formed of electrically conductive material with 
which mercury does not amalgamate Substan 
tially and which is preferentially wetted by the 
liquid, means for admitting the amalgam and 
the liquid to the tower, means (such-as-a, bottom 
in the tower) for maintaining a pool of mercury 
or amalgam in the paSSages through the tower 
and means for 'withdrawing the products of the 
reaction of the amalgam and the liquid from the 
tower. The packing, conveniently, may be of 
graphite. Preferably, the amalgam is admitted 
to the tower adjacent the top thereof while the 
liquid is admitted adjacent the bottom of the 
tower. The mercury in Such case-should be With 
drawn from an intermediate portion of the tower, 
preferably through a conduit the outlet of which 
is substantially lower than theinlet of the conduit 
for mercury into the tower. The conduit for 
withdrawing hydrogen-gas preferably communi 
cates with the tower adjacent the top-thereof.-and 
the conduit employed for withdrawing the liquid 
product of the alkali metal and the liquid (alkali 
metal hydroxide or alcoholate solution) prefer 
ably communicates with the tower near the top 
thereof, above the level at which the mercury is 
Withdrawn. 
in the preferred form of my apparatus, there is 

an annular chamber around the upper portion 
of the tower, Communication between this an 
nular chamber and the tower is afforded by means 
of apertures in the tower Wail, at three or more 
different levels: Or by means of elongated slots 
extending between the extreme-levels. With such 
an apparatus the amalgam may flow from the 
annular chamber into the tower through the 
lowest of the three levels, with hydrogen flowing 
from the tower into the chamber at the upper 
most level and with hydroxide or alcoholate solu 
tion filoWing into the -amin Ular chamber , at an 
intermediate level. 
A preferred practice of my invention is de 

scribed in detail hereinafter with reference to the 
accompanying Figure 1 which is a diagrammatic 
vertical section of a tower through which sodium 
amalgam and Water are passed in countercurrent. 

Fig. 2 illustrates a modified form of the appa 
ratus of Fig. 1 provided with an improved means 
for withdrawing mercury. 

Fig. 3 illüstrates a modification i of the appa 
ratus of Fig. 1 in which the communication be 
tween the tower and the annular chamber Sui 
rounding it at the top thereof is by means of Wer 
tical Screened slots instead of through rows of 
apertures at different levels. 

Fig. 4 illustrates a modification of the appara 
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tus of FigS. 1 and 3 in Which the amalgam is 
introduced through a downcomer disposed at the 
center of the tower and provided With a clean 
out, the flow of amalgam and liquid being, in 
general, concurrent. 

Fig. 5 illustrates a modification of the appara 
tus of Figs. 1 to 4, provided with ineans for Com 
pressing the packing in the tower. 

Fig. 6 illustrates a modification of the appa 
ratus of Fig. 5. 
The tower of Fig. 1 comprises a vertically dis 

posed shell fo, preferably of uniform cross sec 
tion. The shell may be constructed of any ma 
terial that is not attacked by the materials 
passing therethrough. Thus, the shell may be 
in the form of a hollow cylinder of iron or ce 
ramic closed at both ends. 
throughout with electrode material that is 
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The shell is packed 

electrically conductive, non-amalgamating and 
preferentially wetted by the water or alcohol. 
Graphite is a suitable material and in the appara 
tus illustrated the packing is formed of irregular 
shaped pieces of graphite about % inch in size. 
The interstices between the pieces form a plural 
ity of tortuous passages from top to bottom of 
the tower. . 
The upper portion of the tower is Surrounded 

by a closed annular chamber 12 that commu 
nicates with the interior through three roWS 3, 
4, 5 of holes drilled through the shell at differ 
ent elevations. The holes are smaller than the pieces of packing and, conveniently, may be about 
is or , inch in diameter. A conduit 6 for in 
troducing sodium amalgam to be decomposed is 
connected to the annular chamber near the bot 
tom thereof adjacent the lowermost row 3 of the 
holes. A second conduit IT for withdrawing the 
product (say, sodium hydroxide solution) is con 
nected to the sides of the annular chamber at 
approximately the level of the intermediate row 
4 of holes and a third conduit f8 for withdraw 
ing hydrogen is connected to the top of the an 
nular chamber above the upper roW 5 of 
holes. - - 

The liquor (say, water) to be reacted with the 
amalgam is introduced into the bottom of the 
tower through an inlet pipe f9. The liquid must 
be introduced under a pressure sufficient to Over 
come the head of the contents of the tower and 
a pump (not shown) may be employed to force 
the liquid into the tower. ? ? ? 
Mercury from which the sodium has been re 

moved is withdrawn from the lower portion of 
the tower through a riser pipe 20 that paSSes up 
wardly through the tower to a point below the 
annular chamber and thence through the shell. 
An inverted distributor cone 2 is disposed be 
low the riser and attached thereto by a Spider 
22. The cone serves as a Seal to prevent Water 
from entering the riser and leaving with the Spent 
amalgam and as a distributor to cause the Water 
entering through the inlet pipe 9 to Spread 
throughout the cross section of the tower. 

In the operation of the apparatus, Sodium 
amalgam from an electrolytic cell, not shown, or 
other suitable source is admitted into the lower 
portion of the annular chamber and flows 
through the lowermost holes into the interior of 
the tower. Sufficient amalgam is introduced 
into the tower to submerge a predominating por 
tion of the mass of packing material. Water or 
alcohol is forced into the bottom of the tower 
under pressure sufficient to overcome the head 
of amalgam in the tower. The water or alcohol 
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4. 
is lighter than the amalgam and mercury and 
tends to rise in the tower countercurrent to the 
amalgam flow. Reaction takes place between 
the amalgam and the Water or alcohol so that 
as the amalgam travels down the tower it loses 
its sodium content until it is substantially mer 
cury and, as such, is withdrawn through the riser. 
The reaction between the water or alcohol and 
the Sodium of the amalgam produces sodium 
hydroxide or sodium alcoholiate, as the case may 
be, together With hydrogen gas. The hydrogen 
gas and the resulting solution of sodium hydrox 
ide in Water or sodium alcoholate in alcohol both 
rise toward the top of the to Wer. The hydrogen 
rises to the uppermost row of holes and passes 
therethrough into the upper portion of the an 
nular chamber from which it is withdrawn. 
Sodium hydroxide or alcoholiate solution passes 
through the intermediate row of holes into the 
annular chamber and thence is withdrawn into 
the conduit provided for this purpose. 

Since the Water or alcohol preferentially Wets 
the surface of the graphite electrode packing, it 
follows a path which takes the form of an up 
Wardly moving thin film of solution on the elec 
trode surfaces. This film moving up through the 
submerged maSS of packing in the tower decom 
poses the amalgam in a most efficient Way since 
the film is continuously replenished. The violent 
evolution and rise of hydrogen inside the tower 
tends to carry the amalgam as Well as the other 
fluids in an upward direction. However, this 
tendency may be overcome by employing a tower 
of relatively large cross section in order to give 
more space for the escape of hydrogen or by 
increasing the head of amalgam on the tower. 
The means provided for withdrawing the mer 

cury from the tower is particularly suitable since 
it insures that a predominating portion of the 
tower packing will always be flooded with mercury 
or amalgam. The height of the sodium amalgam 
inlet above the mercury outlet represents the 
head required to force the amalgam countercur 
rent through the rising hydrogen and Solution of 
hydroxide or alcoholate. 

Fig. 2, which is a fragmentary vertical section 
through the lower portion of a tower similar to 
that of Fig. 1, shows a preferred means for with 
drawing mercury from the to Wer. Water or alco 
hol to be reacted With the amalgam is, as in the 
case of the apparatus of Fig. 1, introduced into 
the tower through the inlet pipe 9 in the bottom 
thereof and is distributed throughout the tower 
cross Section by the inverted cone 2 disposed im 
mediately above the inlet and held in position 
by braces 23, 23A attached to the bottom. An 
annular jacket 24 is disposed around the lower 
portion of the tower. Mercury enters this jacket 
through a row of holes 25 in the upper portion 
thereof and is Withdrawn through an upwardly 
extending riser pipe 26 that communicates with 
a lower portion of the jacket, which acts as a seal 
to prevent the Water or alcoholate from escaping 
with the mercury. Otherwise, the apparatus par 
tially illustrated by Fig. 2 is the same as that 
of Fig. 1. - 

Referring now to Fig. 3, it will be observed 
that the apparatus illustrated is the same as that 
of Fig. 1, except that a series of vertical slots 34, 
32, 33, 34, 35, 36 are provided around the pe 
riphery of the tower in place of the three rows 
3, 4, 5 of holes. Thus, the vertical slots ex 

tend from the level of the holes 3 to the level 
of the holes f5, and are covered with fine screen 
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the top of the slot, sodium hydrogenior alco 
holate solitiens from thei 

vided, respeetively, for-the movement of hydro 
gen, liquiid-and-amalgam-er miërcülry have a ?creen 
in front of them.- - - - - - - - - - - - - - ? ? ? ? 
The apparatus of Fig. 4 is similar to the ap 

paratus of Figs. 1 and 3, except in the following 
particulars: The amalgam from the cell, in 
stead-of being admitted to the annular chamber 
2 through the pipe 6, is admitted into the tower 
through a downcomer pipe 40 which is sealed into 
the top of the tower and passes down Wardly and 
centrally therein to the distributor 2 which is 
fastened to the downcomer 40 by the spider 22. 
The top of the downcomer is covered by a re 
movable clean-out cap 4, and a horizontally 
eXtending branch 42 of the downcomer is pro 
vided for admitting Sodium amalgam thereto. 
The amalgam flows into the tower through the 
downcomer and thence rises concurrently with 
the water or alcohol introduced at the bottom of 
the tower. As the amalgam rises, it gives up its 
Sodium and becomes mercury which fows through 
the slots 3 -36 into the annular chamber and 
is Withdrawn from this chamber through the con 
duit I8, which in this case acts as a mercury 
outlet. 
The apparatus of Fig. 4 has the advantage of 

easy cleaning, in addition to the fact that the 
mercury passing through the downcomer is in 
countercurrent heat eXchange relation with the 
rising column of liquid and mercury or amalgam 
in the tower. 

It should be noted that in practically every 
case the packing Will have specific gravity lower 
than that of the mercury or the amalgam, So 
that there will be a tendency to buoy the packing 
upwardly. If the packing is composed of a plu 
rality of pieces, which is the more convenient 
form, it should have sufficient mechanical 
strength to resist crumbling and should be so con 
fined in the tower that it Will not crowd into 
the upper portion thereof to the extent that it 
interferes With flow through the tower. 

Unless the packing is held firmly in place in 
the tower, the evolved hydrogen as it rises in the 
tower tends to grind together the pieces of pack 
ing and produces fines which may clog the tower 
or pass out through the upper portion thereof. 
This effect is more noticeable when the tower 
is employed for the production of sodium hy 
droxide than When it is employed to produce 
alcoholates, but in either case it is highly de 
sirable that the packing be held firmly and tightly 
in the tower. This can be accomplished by pro 
viding the tower With means for compressing the 
packing therein. One such means is illustrated 
in Fig. 5, which illustrates a modification of the 
apparatus of FigS. and 4. 

Referring to Fig. 5, it will be seen that the 
shell O is provided with a movable bottom 50. 
An internal fange i around the lower edge of 
the tower Wall is provided With a Series of 
threaded adjusting screws 52, 53, 54. These 
screws, when turned in the proper direction, force 
upwardly the movable bottom which is provided 
at its edges with suitable gaskets (not shown) or 
is fitted to the Wall tightly enough for Sealing pur 
poses. As the bottom is pushed upward the pack 
ing in the tower is compressed and is held firmly 
in position so that it does not tend to be ground 
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together through the action of the hydrogen- in 
the tower. . . . . . . . . . . . . . . . . 

Fig.6 illustrates a modified form of the appa 
ratus of Fig. 5, provided with improved sealing 
means at the bottom. As in the apparatus of 
Fig. 5, the distributor:2 l is fastened to the mov 
able bottom plate 50 by uprights 23, -23A. The 
inlet pipe? 9 projects upwardly through a central 
aperture in the movable bottom 50 and the mov 
able bottom may be forced upward by means of 
screws 52,53, 54 threaded through the bottom 
60. The heads of the screws are covered by 
nipples 6, 62, 63 closed by threaded caps 64, 65, 
66, so that the entire bottom of the structure may 
be sealed after adjustment. Otherwise the appa 
ratus of Fig. 6 is the same as that of Fig. 5 and 
operates in the same manner. 
I claim: 
In an apparatus for reacting alkali metal from 

amalgam. With a liquid selected from the group 
consisting of water and alcohols having less than 
4 carbon atoms per molecule, the combination 
which comprises a tower having apertures ar 
ranged in horizontal rows near the upper end 
thereof, an annular chamber extending around 
the exterior of the upper portion of the tower, 
said apertures providing communication between 
the tower and the annular chamber at levels 
adjacent the lower portion of Said annular cham 
ber, the upper portion of said annular chamber 
and the intermediate portion of Said annular 
chamber, an electrode disposed in the tower and 
consisting of a maSS of packing providing a plu 
rality of tortuous passages through the tower 
and formed of electrically conductive material 
with which mercury does not amalgamate Sub 
stantially and which is preferentially Wetted by 
the liquid, a conduit communicating at its outlet 
end with the lower portion of said tower for 
admitting the liquid to the tower adjacent the 
bottom thereof, a second conduit communicating 
at its outlet end with said annular chamber at 
substantially the level of the lowermost row of 
said apertures for admitting amalgam to the 
upper portion of the tower, whereby the analgam 
will flow downwardly through the tower and the 
packing material therein countercurrent to rising 
liquid introduced into the tower at its lower end, 
a third conduit for discharging from the tower 
mercury resulting from the decomposition of the 
amalgam, Said third conduit having its inlet end 
communicating With Said tower near the lower 
end thereof, said third conduit also having a por 
tion thereof disposed at a level below the outlet 
end of Said Second conduit but above the 
position occupied by a major portion of Said 
packing material, Whereby in Operation a 
major portion of the maSS of packing ma 
terial is automatically maintained submerged in 
a pool of the amalgam and mercury resulting 
from the decomposition of the amalgam, baffling 
means disposed opposite and below the inlet end 
of Said third conduit to form a Seal whereby the 
liquid admitted to the lower portion of said 
tower is prevented from entering the inlet end 
of said third conduit, a fourth conduit communi 
cating at its inlet end with said annular chamber 
at a point adjacent the upper end thereof for 
removing hydrogen gas from the upper portion of 
the tower, and a fifth conduit communicating at 
its inlet end with said annular chamber at a level 
intermediate the junctures of Said Second and 
fourth conduits With said annular chamber and 
at substantially the level of the intermediate row 
of said apertures, for withdrawing from the tower 
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the liquid products of the reaction of the alkali Number 
metal and Said liquids. .2 739,140 ???? :) ? ? ? ? ? 
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