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The present invention relates to electrical
apparatus and in particular to alternating
current rectifiers in which two metals of dif-
forent character are employed as electrodes,
the metals alternately fulfilling the function
of cathode and anode respectively. ,

Application Serial No. 749,214, filed No-
vember 11, 1924 by Henri G. André discloses
o rectifier, one electrode of which comprises

a metallic colloid while the other is formed

of a material that when subject to an oxidiz-
‘yields a compound permeable to
current in one direction only. In the appli-
cation identified, there is stated the presence
and manner in which derived, of an element
in colloidal form making physical contact
with one of the electrodes and in particular
with the cathode. Apparatus made accord-
ing to the foregoing specification has the
property of rectifying alternating current of
comparatively large amplitude. The su}-)j; ect
of im-
provements both in the mode of manufacture
and in structure of the foregoing device, the
object of the invention being.to produce

greater reliability in the operation of a recti-
fier of the colloid type, and also to decrease

" the cost of manufacture by reducing the nem-
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ber of parts involved. - Other features will be
apparent as the specification 1s perused.

The accompanying drawing in which simi-
ate corre-
sponding elements throughout the several
views illustrates an exemplary
of the device forming the subject of the pres-
ent invention.

Fig. 1is a vertical section of the improved
rectifier;

Fig. 2 1s a
Fig. 1; o

Fig. 3 is a section of the upper part of the

section -taken on line 2—2 of

receptacle showing an alternative method of

introducing an oxidizing agent;

Fig. 4 is a section of the lower part of the
receptacle illustrating an alternative method
of sealing the cathode; and '

Fig. 5 represents the relation of a tube and

‘stem before being joined together to form

the receptacle shown in Fig. 4.
Referring to the illustration, the invention

embodiment

in its preferred form consists of envelope 1,

‘made of quartz or glass as pyrex, the upper

and lower ends of which are sealed about fine
glass tube 2, having a direction parallel to
the principal axis of the envelope, and lead
wire 3 respectively. The latter is preferably
of a ferrous-nickel alloy having substantially
the same coefficient of expansion as the en-
velope. When the envelope is formed of
pyrex glass, the alloy contains approximately
33% nickel, this alloy being known as invar.

The rectifier proper consists of cathode 4

‘made preferably of cylindrical form to fit

the inner diameter of envelope 1 and of a
material characterized by strong electrolytic
oxidation, for example, aluminum, nickel or
an alloy as nickel-silicon containing 25 to
329, silicon and nickel-iron. The cathode
is in intimate contact with colloidal anode b
formed in place electrolytically by action of
the alternating potential to be rectified n
the manner set forth and claimed in the
André application Serial No. 138,924 filed
October 1, 1926. However, if desired, the
colloid may be obtained by well-known chem-
ical processes and deposited manually on the
cathode as stated in application Serial No.
749,214 supra. - 3

Reference character 6 designates a con-

ductor of material, as silver, the oxidation

compounds of which are good conductors of
electrical energy and able to withstand attack
by acid, surfacial oxidation excepted. As
will be noted in Fig. 2 the conductor termi-
nates in a spiral, horizontally placed, expos-
ing a large surface to facilitate electrolytic
action and ensuring abundant supply of ma-
terial to form colloid. This elecfrode 1s sus-
pended in the glass envelope by lead wire
7 passing through fine tube 2, the wire being
preferably of the same metal as the electrode
to which it is attached.

Referring to Fig. 1, two kinks 8 and 9 will
be noted, that uppermost serving to retain
fine tube 2 in a vertical position during th:
sealing process as will be explained- herein-
after. Kink 9 has for its purpose preventing
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the movement of glass wool 10. For electro-

Iyte 11, indicated by horizontal lines, which
completely submerges electrode 6, 1 prefer
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sulphuric acid having concentration of ap-
proximately 66° Baumé combined with an
anhydrid as set forth in the André applica-
tion referred to. I have found that particu-
8§ larly good results are obtainable when 40
grammes of anhydrid are added per 100 cubic
centimeters of acid. . J -
At 10, by vertical lines, I have indicated a
. quantity oi glass wool so-called, to effectively
10 hold by absorption, acid superfluous or in
loose form, enabling the rectifying unit to
~ be handled without spill. It will be fur-
ther noted that the wool fibers are arranged to
facilitate gas flow during the initial colloid
16 forming period, i. e. in a direction parallel
to the principal axis of the tube. Cathode 4
is welded to ?ead 3 and the lower end of en-
velope 1 is fused about the cathode to make
a snug fit. By making the latter of an alloy
20 having substantially the same coeflicient of
expansion as the material comprising the en-
velope, 1t may be sealed but ordinarily it is
sufficient to make its coefficient only close
enough to that of the envelope material to
prevent a substantial quantity of liquid seep-
ing between the cathode and envelope to
lead 3 where electrolysis would be deleterious.
The entire rectifying unit is secured by
plastic material 12 in a base 13 of the Edison
screw type, the base being connected to the

cathode by lead 8. The base terminates in -

~metallic member 14 which is connected to the
anode by lead 15. ' -

~ For the purpose of protecting the unit

from external injury and also for convenience

in handling, I provide a container or casing

16, preferably of nickel plated iron. This

container is closed to the atmosphere and rests
in flanged annular ring 17 to which it is sol-
dered at a few points as 18, 19 about the
periphery. This form of joint effectively se-
cures the container to the base but allows gas

emitted by the electrolyte to escape between

the globules of solder. The casing 16 also
affords protection from the escape of acid,
either in vapor or liquid form, as for exam-
ple, 1n case the glass envelope should be bro-
ken, inasmuch as it is substantially liquid
tight; however, in case of breakage of en-
velope, the acid is neutralized by the time it
‘has penetrated through the container. The
flange 17 also helps to prevent escape of liquid
under the lower end of the container.
order further to ensure complete neutraliza-
tion of any acid passing to the upper surface
of base 12, a ring 20 of zinc or other suitable
material, may be provided.

In the manufacture of my improved recti-
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fier, procedure is as follows: lead 3 is first

(3 joined by spot welding to evlindrical cathode
4, the lead being covered with borax and the
unit inserted into glass tubing. One end of
the tubing is sealed about the lead wire, the
- coating of borax aiding in securing a good
"5 joint. Condvuctor 6 to which has been at-
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tube 2 and lead 7
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tached by welding, kinked silver wire 7, is
then inserted into the tubing and firmly held

In proper spacing from the cathode by glass

wool 10, the latter being placed about said
conductor. Fine tube 2 of glass is then

slipped over the straight portion of the silver
leadp:nd held in position by kink 8 while en-

velope 1 is sealed. It will be noted that a

tight joint is first formed between the glass
but soon thereafter the sil-
ver tends to part ieaving a vent for gas. The
rectifier unit, after being heated slightly by
baking in an oven or by enclosing in a sole-
noid of hot resistance wire, is immersed, the
end containing tube 2 foremost, in an elec-
trolyte forming liquid. As the envelope
cools, a measured quantity of liquid is drawn

through fine tube 2 and is immediately ab-

sorbed by glass wool 10. The unit is now
ready for mounting in the base which is done
in the manner employed in the lamp art, con-
nections being made to the leads, the con-
tfalinﬁr inc(liudlng ]finc- ls(l:lrip being secured in
the flanged rin soldering., -

Fig. 3 showsganyalternative method of in-
troducing the electrolyte which consists in
blowing a hole 21 in the side of envelope 1,
1njecting the liquid by a syringe and tipping
cff the opening. However, I have found the
Immersion process to be superior.
igs. 4 and 5 illustrate an embodiment
which offers simplicity in making the lower
seal and affixing the cathode. Numeral 22
(Fig. 5) designates a circular glass plate
member of convex shape sealed to a tube of
glass to form the lower portion of envelope 1,
In these figures cathode 4 consists of a nickel
silicon rod sealed in member 22, which consti-
tutes the lower portion of envelope 1. -

While throughout the foregoing descrip-
tion I have specified the cathode as of a nickel
or aluminum alloy by way of example, other
metals and alloys are adapted for this func-
tion. The requirements of such member are
simply that its oxidation product shall be
unilaterally conductive and in the case of an

electrode in rod form as shown in Fig. 4, it

shall also have a coefficient of expansion com-
mensurate with the material forming plate
member 22. When the latter is of glass, I find
that nickel combined with 289 silicon én-
sures a substantial gas and liquid seal.

I claim:

1. In a rectifier, the combination of a cath-
ode having a unilaterally ¢onducting film and
a colloid producing non-film-forming elec-
trode in spiral form located adjacent said
cathode. |
2. A rectifier having a film-forming cath-
ode and an additional non-film-forming elec-
trode with a mass of finely divided conduct-

1ng material substantially bridging the space

therebetween, the material comprising the
disintegration product of said additional
electrode, characterized in that the additional
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electrode is transversely enlarged at the end
presented to said cathode.

3. A rectifier having a film-forming cath-
ode and an additional non-film-forming
electrode with a mass of finely divided con-
ducting material substantially bridging the
space therebetween, the material comprising
the disintegration product of said additional
electrode characterized in that the additional
electrode comprises a spiral whose axis is ap-

proximately perpendicular to the opposed

face of the cathode.

4. A rectifier having a film-forming cath-
ode and an additional non-film-forming elec-
trode with a mass of conducting particles
substantially bridging the space therebe-
tween and a fibrous material in the region of
said space for holding said particles In po-
sition, the fibres extending predominately n
a direction longitudinal of the electrodes.

5. In a rectifier, the combination of an
electrode, the oxidation product of which 1s a
unilateral conductor, a colloid forming non-
film-forming electrode separated therefrom
by a film forming electrolyte absorbed in a
fibrous material, the fibres of which are ar-
ranged in a direction to facilitate gas flow.

6. In combination, a unilateral conductor
operating electrolytically and subject to gas
formation, an enclosure therefor comprising
a container fitted into a base member and a
common means for securing the contalner to
said base member and for allowing escape of
the gas.

7. In the manufacture of a cell containing
electrodes and a liquid, the method of intro-
ducing the liquid which comprises closing the
cell except for a small inlet, submerging the
mouth of said inlet in liquid and cooling the
cell to draw the liquid through the inlet.

8. An anode for use in an electrolytic appa-
ratus, said electrode containing between 25
and 32 per cent. silicon. |

9. In electrical apparatus, the combination
of a glass envelope and an electrode sealed
therein containing about 28% silicon where-

by sealing 1s promoted.

10. An electrode for use in electrolytic ap-
paratus composed of nickel alloy having a
silicon content about 28%.

11. An electrical apparatus, including a
frangible envelope, containing an acid, sald
envelope being supported in a non-frangible
casing, and a material in said casing and ex-
terior to said envelope for neutralizing acid
which may escape from said container upon
possible fracture thereof.

12. In an electrical apparatus, a body of
elass having sealed therethrough a metal con-
ductor, said metal conductor consisting of a
nickel alloy having a silicon content of the
order of about twenty-eight per cent.

13. In an electrical apparatus, the combina-
tion of a glass envelope and an electrode
sealed therein, said electrode consisting of a

3

nickel alloy having a silicon content of the
order of about 28 per cent.’

14. In an electrical apparatus, a glass en-
velope, an electrode in said envelope, a lead-
in conductor sealed in the wall of said en-
velope and connected to said electrode, said
envelope containing a material which may
attack the lead-in conductor at its sealin
point, said electrode having a coeflicient o
expansion substantially the same as that of
the envelope, said electrode also snugly fitting
inner walls of said envelope and forming a
seal between said material and said lead-in
conductor. |

Signed by me at Cambridge, Massachusetts
this 31st day of August 1926.

VANNEVAR BUSH.
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