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12 Claims. (Cl 175-366) 
The present invention relates to rectifiers of 

the contact or so-called dry type, and its object 
is to provide a new method of manufacturing and 
assembling rectifiers of this type, this method 
being readily carried out in practice and provid 
ing very compact rectifier arrangements of low 
cost, the efficiency of rectifiers made in accord 
ance with the new method being higher and their 
characteristics being more nearly constant than 
is usual in the case of rectifiers heretofore known. 

Dry rectifiers of all types are constituted by 
metal plates or discs, one surface of which is un 
Coated While the other is covered by a layer con 
sisting of a suitable chemical composition where 
by unilateral conductivity is obtained. This layer 
may be applied to the plate, as in the case of 
Selenium rectifiers, or it may be formed there 
on by a chemical process such as oxidation or 
Sulphuration of the plate. The contact between 
the metal of the plate and the corresponding 
chemical composition provides more or less pro 
nounced asymmetrical conductivity. The metal 
of the plate constitutes the cathode of the recti 
fier and the layer of chemical composition which 
covers the plate constitutes the anode. Such a 
Coated plate constitutes a rectifier element. 

In Order to establish the external connections 
of a rectifier of the above mentioned type, or 
in order to connect it in series with other ele 
ments identical thereWith, it is necessary to es 
tablish a good electrical contact between this 
anode, or second pole, which is usually poorly 
Conductive, and any metal piece which serves as 
a connecting or terminal member. In most cases 
this electrical contact has been established by 
applying under heavy pressure to the anode layer 
a plate or disc of soft metal, lead for example. 
NotWithstanding the heavy pressure, it was often 
found that the contact was not satisfactory, and 
in Order to improve the contact, a layer of graph 
ite or of other conductive and pulverulent ma 
terial has been interposed between the anode 
layer and the lead or other soft metal member. 
However, it has been found that rectifiers con 

structed in accordance with this latter method 
are in some cases characterized by a rather high 
contact resistance, and become unduly heated 
when carrying current. When it is desired to 
transmit a large amount of power, the size and 
weight of the rectifiers thus constructed may 
in some instances be considerable, thereby in 
creasing their cost and limiting their field of 
application. Further, considerable variations of 
the characteristics of Such rectifiers in accord 
ance With Variation, often unavoidable, of the 

tions and is restricted to certain oxides. 

preSSUre have been encountered in certain cases. 
To Overcome these disadvantages several meth 

Ods have been proposed. It has been suggested 
to treat chemically the layer of composition 
which covers the metal plate or cathode, with 
a view to obtaining, by a reducing process, a 
metal coating on this layer. This latter method 
requires in its application very delicate opera 

It has 
also been proposed to cover the active layer with 
a pulverulent coating, but in some cases the ad 
hesion of the coating is deficient and the con 
tact is not entirely satisfactory. 
Attempts have also been made to form the me 

tallic Coating by electrolysis, but the eletrolyte 
has tended to penetrate between the metal plate 
or cathode and the layer of active material, 
through fissures or other breaks in the continuity 
of the active surface, thereby causing irregular 
and unpredictable changes in the contact resist 
3.C. 

In accordance with the present invention, the 
difficulties encountered heretofore in providing 
a conducting layer or metallic coating in contact 
With the active layer are avoided. The metal to 
be deposited on this active or asymmetric layer 
is preferably, though not necessarily, a noble 
metal. In accordance with my invention this 
neta is first brought into a state of neutral col 
loidal solution, for example by the method de 
scribed by Brédig. The metal, thus held in the 
State of colloidal suspension or solution, is de 
posited by any known method. On the Surface to 
be metallized. Preferably the deposition is per 
formed by the electric transfer method, as will 
be better understood later in this description. 
In accordance With my invention colloidal Sus 

pensions or Solutions of Copper, palladium, sil 
Ver, gold, etc., are employed. It is preferable, 
but not eSSential, that the metallic particles be 
at a positive potential. These chemically neutral 
colloids do not attack the Supporting metal, or 
cathode, or the layer of active material which 
COvers the Cathode. Under these conditions the 
normal Operation of the rectifiers is not affected 
by the presence of the colloids during the process 
of treatment. w 
The precipitation of the metal upon the recti 

fier element may be performed in many ways. 
The colloidal Solution may be deposited upon the 
element, after which the liquid may be evapo 
rated. Likewise, the metal, finely divided in the 
colloidal solution may be precipitated by cen 
trifugation. The depositing of the solution upon 
the rectifier nay, finally, be accomplished by 
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means of drop-counters or by the "gun" process. 
Preferably, however, the depositing of the solu 
tion and the forming of the metallic layer are 
accomplished by a method which will be set forth 
hereinafter. . . . 

My invention will be better understood from 
the following further description thereof when 
considered in connection with the appended 
drawing, and its scope will be set forth in the 
appended claims. - 

Referring to the drawing, Fig. 1 is a sectional 
view of a rectifier element of the dry type em 
bodying my invention, and Fig. 2 is a sectional 
view of a rectifier element similar to that of 
Fig. 1 but having an additional Conductive mem 
ber or layer. . 
In Fig. 1 the metal disc f and the active layer 

thereon of chemical composition 2 are comprised 
in a usual rectifier element. In accordance with 
my invention, a few drops of a colloidal suspen 
sion or Solution are deposited upon the layer 2, for 
example a colloidal Solution consisting of par 
ticles of silver in distilled Water, the drops which 
are deposited forming a liquid layer 3. By means 
of the leads or wires 4 and 5 a Suitable difference 
of potential, either direct or alternating and 
from any convenient source, is applied between 
the liquid layer 3 and the metal element com 
prising plate and active layer 2. The best re 
Sults are obtained when the colloidal layer 3 is 
positively charged, since the rectifier then acts 
with its minimum resistance and the deposit of 
metal from the colloidal layer is very rapid. With 
the colloidal layer at a negative potential the 
deposit is also formed, but slowly. With an alter 
nating potential impressed upon the colloidal 
layer the metal is deposited at a rate interme 
diate between that corresponding to positive and 
negative potentials respectively, impressed as 
above described upon the layer 3. 

in all cases the metal held in Suspension (co 
loidal. Silver for example) is deposited immedi 
ately upon the active layer 2 and forms thereon 
a hard covering 6, as shown in Fig. 2, which is 
Continuous and Very adherent. After the excess 
of liquid is removed and after drying of the rec 
tifier element, comprising cathode plate and 
active layer 2 having thereon the conductive 
layer 6, the rectifier washers, discs or plates thus 
treated may then be Superposed to form recti 
fier stacks. Since the contact between adjacent 
rectifier elements of a stack is made between two 
metal surfaces, it is, therefore, no longer neces 
sary to employ the lead washers or contact mem 
bers hereinbefore mentioned or to employ the 
intermediate graphite layers, etc. Further, it is 
no longer necessary to apply a heavy clamping 
pressure to the rectifier stack; the total resist 
ance of a rectifier stack constituted by rectifier 
elements in accordance with the present inven 
tion no longer depends on that clamping pres 
sure. The characteristics of the rectifiers thus 
constructed in accordance With my invention 
are constant and Such that the rectifiers may be 
employed for Supplying measuring apparatus for 
example. 
The contact resistance being lower, a higher 

efficiency is obtained and a smaller generation of 
heat. Finally, the elimination of the electrically 
inactive lead washers permits a considerable re 
duction in weight, size and cost of the rectifiers. 
Thus, a given copper-oxide rectifier apparatus 
designed for 6 volts and 3 amperes weighs 1800 
gr. When built in the conventional manner, but 
When built in accordance with the present inven 

2,088,557 
tion the apparatus weighs only 250 gr. and its 
volume is reduced by more than 70%. 
The hereinbefore described method of precip 

itating metals in colloidal suspension or solution 
is applicable to the surfaces of rectifiers regard 
less of their form and dimensions. This method 
therefore permits an increase of the surface and 
Of the power of the rectifiers, at present limited 
by the admissible rate of compression. The layer 
6 of silver, or of similar metal substantially not 
Subject to deterioration, lasts indefinitely; fur 
thermore, notwithstanding its very slight thick 
ness this layer 6 will withstand current intensi 
ties at least equal to those which the active layer 
2 of chemical composition will withstand, and, 
in general, even still higher current intensities. 
As illustrated in Fig. 2, the adherent metallic 

layer 6, derived from the colloidal solution 3, may 
be reenforced if necessary by an additional layer 

prepared by electrolysis, the metallic layer 6, 
On which layer 7 is deposited by the electroplat 
ing process, Serving during this latter process to 
protect the active layer 2 from the chemical ac 
tion of the electrolyte. 
What I claim as new and desire to secure by 

Letters Patent of the United States, is: 
1. A rectifier element comprising a metal 

member forming a cathode, a layer of active ma 
£erial on said plate forming an anode, and a 
Inetallic layer deposited upon said layer of active 
material fron a Solition. Wherein the metal of 
Said metallic layer is in a state of colloidal sus 
pension, the liquid in said Slution being com 
pletely evaporable whereby aid metallic layer 
comprises only said last-narned metal. 

2. A rectifier element of the dry type compris 
ing a cathode electrode, a layer of active mate 
rial thereon, and a conductive coating deposited 
upon said layer from a colloidal solution of a 
metal, the liquid in Said Solution being complete 
ly evaporable whereby said coating comprises 
Only Said metal. 

3. A rectifier element comprising a metal plate 
having a layer of active material thereon, and a 
conductive layer deposited upon said active layer 
from a colloidal solution of a metal, the liquid 
in said solution being completely evaporable 
whereby said conductive layer comprises only 
said last-named metal. 

4. A rectifier element comprising a metal plate 
having a layer of active material thereon, and a 
conductive layer deposited upon said active layer 
from a colloidal solution of silver, the liquid in 
said solution being water only. 

5. A rectifier element comprising a copper 
member and a layer of an oxide of copper there 
Un, and a conductive layer deposited upon said 
oxide from a colloidal Solution of a metal, the 
liquid in said solution being completely evaporable 
whereby said conductive layer comprises only 
Said metal. 

6. A rectifier element comprising a Copper 
plate and a layer of copper oxide thereon, and a 
conductive layer deposited upon Said oxide from 
a colloidal solution of silver, the liquid in said 
solution being Water Only. 

7. A rectifier element of the dry type compris 
ing cathode and anode members, and a conduc 
tive layer deposited upon one of Said members 
from a colloidal. Solution of a metal, the liquid 
in said solution being completely evaporable 
whereby said iayer comprises Said metal Only. 

8. In a rectifier element comprising a coating 
of active material upon a metallic plate, the 
Inethod of forming a conductive element in Con 
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2,088,557 
tact with said coating, which includes bringing 
a metal to a state of colloidal solution, the liquid 
in said solution being completely evaporable and 
depositing Said metal Only upon Said coating from 
Said Solution. 

9. In a rectifier element comprising a coating 
of active material upon a metallic plate, the 
method of forming a conductive. element in con 
tact with said coating, which includes bringing a 
metal to a state of colloidal Solution in a comi 
pletely evaporable liquid, placing Said Solution 
upon said coating, and evaporating the liquid to 
deposit said metal only upon said coating. 

10. In a rectifier element comprising a metallic 
plate having thereon a coating of active mate 
rial, the method of forming a conductive men 
ber in contact with said coating, which includes 
bringing metal particles to a state of colloidal 
Solution in a liquid, impressing a potential upon 
said metal particles in suspension in the Solu 

3 
tion, and evaporating said liquid to deposit said 
metal in a hard adherent layer upon said coating. 

11. A rectifier element comprising a metal plate 
having a layer of active material thereon, a con 
ductive coating deposited upon said active layer 
from a colloidal Solution of a metal, the liquid in 
said solution being completely evaporable where 
by said coating comprises only Said last-named 
metal, and a reenforcing conductive layer electro 
plated upon said coating. 

12. The method of forming a rectifier element 
comprising a metallic plate having thereon a 
coating of active material which includes, bring 
ing metal particles to a state of colloidal Solution, 
the liquid in said solution being completely evap 
orable, placing said solution upon said coating, 
evaporating the liquid to deposit Said metal only 
in a hard adherent layer upon said coating, and 
electroplating said Jayer to form a reenforcing 
conductive plate thereon. 
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