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To all whom it may CONCert:
Be it known that I, FRANZ PAWLOWSKI, &

subject of the Emperor of Austria-Hungary, | tioned purpose, because 1t 1s

residing at Vienna, Austria-Hungary, have
invented certain new and useful Improve-
ments in Current-Rectifiers, of which the fol-
lowing is a specification. |

~ Among the different rectifier-cells for trans-

forming alternating currents in unidirec-

tional—that is to say, continuous—currents

~ thecellsin which oneelectrodeisformed by an
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aluminium plate are representing a peculiar.

class. The other electrode is then formed by
any other metal, presenting to the current
when used as anode less resistance than alu-

minium, and the intermediate layer is formed
by a solution of asalt or by a saltin solid state
at ordinary temperature and which must
therefore be heated in order to liquify the
said salt by melting the same when taking
the cell inuse. ﬂ
jum plate of a cell of the aforesaid kind with
the positive pole of a generator of continuous
current, the passage of the same is meeting a
very high resistance, while a much lesser re-
sistance is interposed: to the passage of alter-
nating currents.

A c)jmra(:teristic feature of the rectifier-cell

forming the object of the
consists in that the layer
electrodes is formed of hemisulfid of copper,

}{jresent invention

(CusS,) which has been prepared in a peculiar

manner. Taking the rectifier-cell in use, the

said layer preserves its solid condition, and no

supply of heat is required for starting the rec-
tifier.. 'The utility of hemisulfid of copper to
the purpose specified was concluded from the
fact that it is liable to polarization—viz., an
electromotoric counterforce is indicated-—
when the ends of a bar consisting of hemisul-
fid of copper are connected with a galvanom-
eter after having passed through the bar an
electric current. It has also been found that
the resistance of many sulfids is a different

one, according to the direction, intensity, and
duration of a current passed through them.

(Sec Wiedemann, Die Lehre von der Elektrizi-
tat, second edition, Vol. 1, page 548.) |
If a system consisting of an aluminium

plate, a layer of hemisulfid of copper and a

plate of any other metal, preferably iron,
should be used as a rectifier-cell, 1ts utility for
such purpose mainly depends upon the struc-

ture of the hemisulfid of copper, its other

physical properties being determined thereby.
Hemisulfid of copper prepared by heating sul-

When connecting the alumin-

etween the two

F

l

them into molds 1s not fit for the before-men-

at ordinary. temperatures. On the contrary,
a suitable preparation is obtained by melting
to%)ether sulfur and copper or preferably. by
subjecting sheet-copper of a thickness not ex-
ceeding two millimeters to the action of sul-
furous vapors without admission of air for so
long a period as such vapors are absorbed,
whereupon the hemisulfid of copper is slowly
cooled.” In this manner there is obtained a
very hard crystalline hemisulfid of copper, re-

sisting to the action-of air and water, which

a, bad conductor

fid of copper (CuS) to white heat and casting . |
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melts only at about 1;000° centigrade, and =

which is a good conductor of electricity. 1t

is to be emphasized that the current is con-

ducted with equal facility at ordinary tem-
perature and in both directions. |

nation of an aluminium electrode and an iron
electrode, separated by an intermediate layer
of hemisulfid of copper.
three different substances forming the cell
it is of essential importance that the contact
is the closest possible.
rectifier-cells depends only upon the extent
of the surface. . B

The accompanying drawings represent the
object of the present invention, Figure 1
showing a lamelliform, Fig. 2 a tubiform, ar-
rangement of the parts constituting the cell.
F&% 3 shows a battery, consisting of four rec-
tifier-cells.

As shown in Fig. 1, the cell consists of su-
perposed plates—viz., of an aluminium plate
4, a plate 3 of hemisulfid of copper of some-
what larger surface, and an iron plate 2, all
of which arranged between two little-boards
of wood. The shape in which the several
substances are employed 1s of no account.
According to Fig. 2 they are showing, for ex-

~ample, the shape of tubes. -

For practical purposes in order to rectify
alternating currents in continuous currents
any convenient number of cells of the kind
specified may be connected in parallel or in
series, the efficiency of the battery consti-

tuted in this manner being proportional to
the sum of the contact-surfaces of all of the

lates. Fig. 3 represents a combination of
E)ur cells of the kind shown in Fig. 1, the up-
permost aluminium plate 4 and the lower-
most iron plate 2 consisting in this case each
of one piece, while the interposed plates be-
longing to the cells on the right and on the

. . 2 15
The improved rectifier consists of a combi-

In combining the
8o
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lett are sep&r&ted by an mteMBdiate a;ir- ','

[

space 6.

. By means of six or more of the aforesaid

cells polyphase currents may be transformed
in continuous current. The efficiency of the
improved rectifier is much greate n tha
of any other apparatus of this kind huitherto
known on the supposition that the following

- principles be observed: The extent of the
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contact-surfaces and the mode of connection

must be conformed to the intensity and to |
the voltage of the alternating current to be

rectified or to those of the continuous current
to be taken off, respectively—that is to say,
when the intensity is a.greater one several
cells. must be connected in parallel, while
when the voltage is a greater one several cells

must be connected in series. With a suit-

able arrangement of the apparatus a useful
effect of seventy to eighty per cent. 1s ob-
tained, importunate development of heat is

- obviated, and no control and attendance are

- several days

g

required. Even if the apparatus is in use for
the plates show no physical or

chemical change, and losses of substance or

.products of electrolytic decomposition do not

appear. If, however, the number of cells

-was not sufficient, considerable flashing of

30

sparks and a, larﬁe development of heat take
place, whereby the lossof voltageisincreased.
Besides taking care of choosing the suitable

‘number and connection of the cells, the recti-

35

- main open and unloaded durirg all this time.
40
. some days neither loss of

fier must be ‘“formed’’ before starting the
same for the first time. For this purpose the
apparatus i1s connected to an alternating-cur-
rent cireuit of high intensity for so long a pe-
riod as strong sparking takes place, while the
poles for supplying continuous current re-

Even if this arrangement is continued for
| alternating current
nor short-circuit takes place. -

When the rectifier is formed in the afore-

| said manner and when sparking has almost
- ceased, the supply of continuous current may

begin, preferably increasin gradually the

amount of current delivere .- The limit up

~ to which such increase 1s permitted may be

established by the stronger sparking which

‘takes place between the aluminium and the

hemisulfid of copper electrodes when the said

limit is attained at, whereby the loss in vol-

~-tage 18 increased and the durability of the

55
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65 ing of the current-rectifier, which forms the |

- of copper

apparatus 1s diminished. -

If a plate of hemisulfid of copper (Cu,S)
has been prepared in the manner hereinbe-
set forth and a plate of aluminium of
suitable dimensions is disposed on the plate
and the circuit of the current is
closed, the current will find by far a greater re-
sistance when the aluminium forms the anode
than when Cu,S constitutes the anode.. Upon
this fundamental experiment or assemblage
of the plates set forth is composed the work-
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subjec —ma,tte.? of the present injreﬁﬁdﬁ and
, according to the arrangement shown

which

by Fig.3 of the drawings, is represented as a

combination of several rectifier-cells in order

. In view of the fundamental experi-
ments 1t has been found preferable to
a connecting meétal between the se
composed of aluminium and a Cu,S plate,
soime other conductor, excepting one com-
posed of aluminium.
cell is an electrolytic

: ' process carried out by
means of a dry and

solid electrolyte. The
_ inherent to the alumini-
um and to €Cu,S plaf}rr for themselves a part
quite independent from the electrolysis, as

will bé hereinafter more fully set forth. It i
of course obvious that in the present instance

a layer of aluminium oxid cannot be formed :
but, on the contrary, under the influence of
electrolysis a layer of aluminium sulfid will
be formed which possesses more or less in-
sulating properties. * Thislayer of aluminiun

sultid will, perhaps, consist only of .a thin

film, but more probably it will consist of an
exceedingly thin layer of dust or powder.

posed that the lowermost left-
hand cell of the four cells represented by Fig.

3 for the sake of greater clearness be desig-

nated by the reference characters 22 32 4ain

contradistinetion to the other reference char-
acters in this figure, the alternating current

The working of the

employ -
arate cells
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which enters at 2 will stmultaneously meet
the upper cell 4 3 2 and on the other hand the

lower cell 22 32 42, At the anode 42 the cur-

Tent upon meeting a thin layer of AlS will
undergo a complete interruption. The cur-
rent will thereby be deflected in the direction
2 3 4 and pass without any difficulty, be-
cause 1t will meet no insulating layer between

3and 4. The same process takes place in an

| exactly analogous manner in the other two

100

cells. In these cells also in consequence of

the formation of an insulating layer of AlS
the current will be driven into the exterior
circuit. - o -

~ To render the apparatus sﬁccessful, 1t is

110

necessary that the working plates have sur-

faces as smooth as possible, and the expres-

sion heretofore noted with respect to the for-

mation of the apparatus is intended to indi-
‘cate this surface smoothness.

_ By arranging
or having the surfaces of the plates smooth
and parallel to each other

The working of the current-rectifier takes
place only at the place of contact of the alu-

‘minium with the Cu,S, so that the seécond
electrode of the rectifier has, properly speak-

ing, no other function but the simple admis-
sion of current to Cu,S and Al.

ucts of decomposition which are
the first-named place are quite insignificant

as nearly as possi-
‘ble, and consequently avoiding high pressure,
an apparatus will be obtained that will work
‘1n a perfect manner. '

The prod-
formed at
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and consist of immeasurable small particles

- of dust of copper, aluminium, and combina-

IO

tions of these elements which will prejudi-

ciously influence the working of the rectifying
apparatus in the same méasure as the current

“discharged will be progressing. These par-
ticles of dust or powder will enter into chem-
ical combinations of different kinds, and these .
combinations will increase the permeability

of the rectifier for the alternating current.
It is better to explain the - phenomena
which take place in the rectifying

by the electron theory and that the electrol-
~ ysis possesses merely a secondary and arather

L5

injurious influence and constitutes not the

reason of the passage of the current, but
rather a phenomenon accompanying the

- sSaline.
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pacities of aluminium an
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It is well known that in the tension series

aluminium will stand as one of the highest.
positive conductors, whereas Cu,S 1s one of

the uttermost negative conductors. With
this in view it follows that aluminium will
contain mostly positive ions, which will at-
tract the negative charges, whereas Cu,S con-
tains mostly negative ions, which attract the
positive charges. These opposed pelar ca-
| Cu,S maintain
the potential equilibrium as long as no uni-

directional current has been discharged, and

in. this respect they present fully the action
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of valves. The alternating current remains

interrupted, there is no appreciable loss of

current, and both continuous-current poles

show a considerable tension at-the terminals.

This potential equilibrium is, however, im-
mediately disturbed as soon as continuous
current is being discharged. = This manifests

itself in the following manner: During the

first mitial stage aluminium

1ts negative charge very rapid

Fields to Cu,S
y and without

formation of sparks; but in exchange it re-
ceives simultaneously reduced copper-dust

charged positively, and this dust separated

from the Cu,S deposits firmly on the alumini-
um.” In the second stage when aluminium

becomes the anode the copper which has re-

maimed deposited on the aluminium i$ also

charged positively and combines easily with
S (or also with O of the atmospheric air;) but
at.the same time it is repelled by the positive
charge of the aluminium, since it is also
char%l d positively, and it forms a spark
which reéstablishes the original condition.
The other and greater part of.the positive

charge at the aluminium forms with the |

Cu,S a very fine layer of aluminium sulfid,
which interrupts the dischagre of any further
positive charge to the Cu,S and compels the

1

| current to take another way.

apparatus |

negative charge of the aluminium the re-
duced particles of copper positively charged

for the exchange meet no longer the pure

aluminium, but the extremely fine layer of

aluminium sulfid, and they give up to it

their charge and are again converted nto

Cu,S.

3

At the next 6o

In the above-described manner the opera-

tions in the current-rectifier are rapidly re-
peating themselves with the eflect of a cor-
responding loss of energy.. The above ex-
position concerning the working of the rec-
tifier requires still a very important theoret-

ical addition. The electrolytical phenom-

ena can be considered as being of a second-
ary nature and as having injurious effécts.
The efficacious moment which makes the
two substances employed, according to the
invention aluminium and Cu,S, particularly
suitable for producing in their combination
as a cell the rectifying of the alternating cur-
rent lies in the specific molecular properties
of these substances. The aluminium sat-

urated with negative ions effects very easily

its exchange with a rigidly-lying positive
charge of movable copper atoms )E Imni

exchange is rendered possible by easily-se

&ra,blegus_t particles of a substance like Cu,S.
The positively-charged aluminium has, how-
ever, tightly bound the charge to the sub-
stance. Its capacity is rather small for the

positive ions, and the structure is such that

a pulverization is-possible only under a very
high tension. The giving up:of the charge
of the positive ions finds, therefore, consider-

able obstacles, which as a rule are overcome
only under formation of sparks. Cu,S pre-- .

sents quite the opposite properties—a con-

siderable ca_L,E acity for the positive charge

and the facility of the easy dissolution into
electrolytical copper atoms which can change

| their place when the positive charge 1s lying

rigidly.
1. A current-rectifier cell having a solid

electrolyte composed of hemisulfid of copper.

2. A current-rectifier iInvolving two elec-
trode-plates, one of the. latter being com-
iIi)c;sed of aluminium, and a plate of hemisul-

d of copper arranged between the two elec-
trode-plates. - |

In testimony whereof 1 have hereunto set
my hand in presence of two subscribing wit-

nesses. | -
. FRANZ PAWLOWSKI.
- Witnesses: -
| JOSEF RUBARCH,

AvvEsTo S. HOGUE.
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