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To all whom it maly Concermn: |

Be it known that I, PAUL GIRAUD, of -Chan-
tilly, in the Department of Oise, in the Re-
public of France, have invented a new and
useful Improvenient in Thermo-Electric Bat-
teries, (for which 1 have obtained patent in
France, No. 204,902, dated April 10, 1890,) of
which the following is a specification.

I will deseribe my invention with reference
to the drawings and afterward point out its
novelty in claims. |
- Figures 1 and 2 of the drawings represent,
~respectively, a side view and a plan of one
element of a batiery constructed according to
my invention. Iig.3 represents a horizontal
section of a group of elements connected. Fig.
4 represents a vertical section, in the line A B
of Fig. 3, of several superposed elements. Fig.
5 is an. end view corresponding with ¥igs. 3

IO

20 and 4. | :
connections between the elements. Fig. 7
represents a vertical section of a portable

stove, serving for the heating of one of the

oxtremities of the thermo-electric electrodes.

Fig. 8 represents & horizontal section on &

larger scale than Fig.

oalsection of a modification of thestove shown
in Figs. 7 and 8. | |
Tach element of the battery is co mposed of
an electrode @ and an electrode b b’, the elec-
trode o being a casting of one of such alloys
as are herein specified and the electrode
consisting of two plates of sheet metal. The
olements are formed by placing one end of
a plate b and one end of a plate b’, one in one
end and the other in the opposite end of the
mold in which the electrode a is to be cast, and
afterward casting the latter electrode in-said
mold upon the said ends of said plates.
olectrodes @ are formed of alloy of zine, anti-
mony, copper, tin, silicium, and cadmium.
Certain of these metals—such as zinc and an-
. timony—have already _
45 electric batteries; but my experience has led
" me to employ them in Various practical con-
ditions, from which- results, 4
furnish a greater eleciro-motive force without
increasing the internal resistance of the ele-

co ment, and, second, that I avoid the primitive
crystallization (those ‘resulting 1tpmed1a_tely
from casting) as well as the ulterior crystal-
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Fig. 6 is a detail viow illustrating the |

7, taken in theline Y Z
of the latter figure. Fig. 9 represents a verti--

bbb

The

been used in thermo-

first, that they
| My experiments have proved to me that the

|
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On the other hand, the tin which enters into

lizations (those produced by the heating of
the elements.) The solidity and durability
of the elements are thus increased. As to 55
copper, 1 add it, first, to angment the me-
chanical resistance of the alloy; second, to
diminish its internal electric resistance, and,
third, to raise the fusion-point of the alloy.

60
the composition. of my alloy makes it flow
better for casting and renders it more homo-
geneous and more solid. The silicinm in-
croases the resistance to breakage.. Finally,
the cadmium, which I employ in convenient
proportions with other metals above men-
tioned; has for its object to greatly augment
the electro-motive force of its elements.

I give as follows the three compositions
which I at present employ in the manufac-
ture of the elements: o

Composition A for elements of small size:
Antimony, 1,450 parts, by weight; -zine, 900
parts, by weight; cadmium, 50 parts, by
weight; pure copper, 80 parts, by weight; tin, 75
40 parts, by weight; silieium, 3 parts, by
weight. | | o .

Composition B for .elements of medinm

size: Antimony, 1,440 parts, by weight; zine,

780 parts, by weight; cadmium, 60 parts, by 3o
weight; pure copper, 30 parts, by weight; tin,

15 parts, by weight; sihcium, 2 parts, by
weight. - |

~ Composition C for elements of large size:
Antimony, 1,830 parts, by weight; zine, 960 35
parts, by weight; cadmium, 65 parts, by
weight; silicium, 2 parts, by weight.

~ As I have shown, theremay be notably dif-
ferences between the proportions of the dif-
forent metals; also, that the copper and tin. go
may be omitted (¢composition C) when the ele-
ments by reasen of theirlarge size presentsuf-
ficientgnarantee of solidity. . Imightevende-
part to a certain degree from the proportions
indicated in the above table. The propor-
tions in which the different metals enter into
the alloy may vary, in faet, according to the
areater or less. effect which 1t 1s desired to
have and the dimensions of the elements.

25
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composition of the alloy being the same the

electro-motive force of an element varies,
first, with the three dimensionsgiven tothe ele-

ment; and second, with the thickness (vertical
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dimension) of the element, the length aad
breadth not being changed. Thus, for ex-
ample, with the same metallic composition
the same length and the same breadth an
element of two centimeters thickness will
have a greater electro-motive forece than
another of three or five centimeters thick-
ness. U'he longitudinal electric resistancs
will also be greater in the former than in the
latter. |

The ehanging of the proportions of the al-
loy has forits end to preserve to the elements,
while increasing its thickness, the same elec-
tro-motive force, and that without increasing
it8 internal electric resistance. The effect is
thus greatly angmented. | -

Three thicknesses of slectrodes a; which
may be employed with the greatest advan-
tage, are as. fnllows, according to different
CASEN: | |

equals .07 millimeter, breadth equals.02 mil-
limeter,and height equals.038 millimeter; large
gize, length equals .10 millimeter, breadth
equais .03 millimeter, and height equals .05
millimeter. | -
These proportions may evidently vary in a
coertain degree. | | |
- As 1 have above explained, I modify the
somposition of the alloy according to the di-
mension of the slectrode, -
The second electrode b or b’ of each element
13 preferably counstituted of tin-plate or of a

plate of pure nickel; but the said electrodes

may also be made of sheet-iron havingits sur-

face coated with iridinm, platinum, or nickel,

or made of ferro-aluminium. Each of the
plates b I/, constituting electrodes, is united

with the electrode a by an autogeneous sol-

- der—that is'to say, produced by the casting

g0

N

of the alloy forming the latter electrode.

In order to have a perfect union.and a large
suriace of contacts, (which it is evident is of
greatimportance,) the extremity of each plate
is first divided by several longitudinal slits.
Thenthe tonguesthus formed are turned alter-
nately to the right and left and afterward
twisted, ag may e clearly seen in. Figs. 2, 3,
4, and 6, to anchor the -said plates intd the
electrodes a. The part of tke plate b which
13 next the Inner end of the electrode a is
folded overagainst thatend, then again folded

to be applied againgt the lateral face of the

said electrode a, a thickness of amianthus or
other insulating material being interposed
between the last-inentioned face and the said

~ plate. The plates b and b’ of two adjacent

00

eloments are lapped and secured together by
a solder which will not melt at the tempera-
ture to which it has to be expused. This mode
of connection permits the easy replacement
of one of the elements in case of damage by
vnsoldering the two joints between that and

the adjacent elements in the same row, and |
replacing the damaged element by a good ons

ing electricity

483,792

{1 and remakiﬁg_the connections. The thermo-.

electriec. slements of the system above de-
scribed may apply to all kinds of apparatus
emitting heat and.capable in consequence of

heating one, of their extremities, while the |

other will be maintained cold by any means
whatever. 1 may mnotably arrange them
around steam-boilers, furnaces, &e., in order
to utilize the wasie heat, and thus to pro-
duce electricity without cost while absorb-
ing the heat, which’ in certain cases is ob-
Jectionable—for example, on board shipg—
or else I may affix them around a stove in
such manner as to constitute an apparatus,

serving both for warming the airof an apart-
ment or of any space whatever, and produc-
for lighting or other purposes.
| Figs. 7, 8, and 9 show this application of ‘my 8s
| elements around a stove,which constitutes an.
. | - | important feature of my
omall size, length equals .07 millimmeteor,
oreadth equals .02 millimeter, and height -
equals .02 millimeter; medium size, length

a portable kind which may be rolled about

from one part of an apartment to another. ¢&

1'he employment of the stove in this way as

& gener.tor of heat permits me to utilize for

the heating of the battery all the heat com-

monly lost from the stove, whence resulis a

consequently great economy.

D10y & stove so constructed thatthe outersur-
face is never above a moderate heat, as it is
always desirable that the stove shall be such

invention. I have
here supposed the employment of a stove of

75

S0

{ porfect utilization of the combustible ex: ac
-pended, and
| This utilization is more perfect when 1 em-

95
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that the solderings of the elements should

not be heated to a ‘sufficient temperature fo
melt them. Inwmysystem the thermo-electric
battery surronunds thestove exteriorl ¥, thesol-
derings, which should be maintained cold, be-
ing toward the exterior and being cooled by
a current of air, for example, while those sol-

derings which must be heated are toward the

interior and exposed to the heating action of
the stove. The clements of the battery are
not in contaet either with the combustible or
the gases of combustion,nor even directly with
the walls of the heating apparatus, and this,
In connection with the special arrangement
of the elements, prevents all deterioration and
lnsures the battery analmostindefinite dura-
bility. . ' _ |

The stove represented is composed of two
distinet parts--viz., the “stove,” properly so
called, and a jacketq,whichsurrounds it,witha
space 13 between them tocontain the thermo-
elactric battery. = The whole rests 1 pon a base
l, preferably mounted upor wheelsg v, which
permit the apparatus to be moved about.

I will now describe that example of the
stove proper represented in Figs. 7 and S: ¢ is
a conical cast-iron fire-pot, of which the bottom
is constituted by the movable grate j, which
rests upon a cast-iron eylindrical piece I, car-
ried by the base I. 7 is a hollow cylinder of
cast-iron, situated above the said pot and
serving, with the said pot, to eontain the in-
candescent fuel, and 7 is a slightly-conical
‘nel-reservoir situated above the said cylin-
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der m. The said cylinderm i8 of a diameter

somewhat smaller than that of the bottom of

the fire-pot, so that there is an annular open-
ing v’ between them interrupted only under
the mouth 0 of the smoke-pipe, where there
is a horizontal flange n’, which rests upon the
top of the pot. The said eylinderm has upon

its exterior a series of vertical radial ribs m’,

the outer edges of which fit to the external
cylinder e, which constitutes the exterior wall

of the stove proper. This eylinder e and the

Jacket B both rest on-a gallery %’, provided
on the exterior of the lower cylindrical piece
% on the base . At the top of the cvlinder e,
reservoir n, and jacket g, which are all car-
ried up to the same height, there is an annu-
tar cap-plate s, which covers the space be-
tween the cylinder ¢ and the reservoir, and
that B between the said cylinder and the

Jjacket g,and in this cap-plate is provided an

annular sand-channel for the reception of the
edges of the cover s’ of the reservoir n, which
cover 18 removable for charging the reservoir
withfuel. Theecap-plateisalsoprovided with
a larger removable cover s% which also cov-
ers the annular- space provided bStween the
exterior ¢ of the stove proper and the jacket
q to receive the battery. This larger coveris
of spider form to permit the escape of air and
heat from the said annular space.

In the above-desceribed example of my in-
vention gases of combustion pass from the
fuel in the pot 7 and the lower part of the cyl-
inder m through the opening v” and circulate

within the space between the exteriors of the.

cylinder m and reservoir ¢ and the interier of

- the cylinder e and pass out by the smoke-pipe

40

50

55

o to the atinosphere, the circulation, first up-

ward and then downward, being produced by

the ribs m’ and flange n’. _
The gallery £/, hereinbefore mentioned as
surrounding the cylindrical piece £ and as
supporting the cylinder and jacket g, also
supports the battery elements. .This gallery
has in it numerous holes »’ for the admission
of air to the annular space B between the
said cylinder and jacket, and the cap-plate s
has in it numerous small holes for the escape
of air from sald space. The extremity of
each electrode a whieh is intended to be
heated is first plunged into a plaster made of
puiverized amianthus and silicate of soda
or silicate of potash, preferably silicate of
soda, and is then inserted into a little cup ¢,
which may be made by stamping out of sheet,

- metal. ” This cup serves not only to prevent

60

the metal of the electrode from fusing ex-
ternally, but also to spread the heat equally
around the-sides of the end which is to be

heated. The plaster of silicate of soda or sili- |

cate of potash and amianthus (indicated by d
in Figs. 3, 4 and 5,) contributes to assure the
electric insulation at the same time that it pro-
duces theadhesion of the electrode to its cupc.

Thecups ¢, electrically insulated from the ex-

ternal wall or cylindere of thestove by asheet
of amianthus paper f, are cemented to said

wall or cylinder by means of the plaster of
silicate and amianthus, hereinabove men-
tioned. - The diﬁere?t horizontal tiers of cups 7a
¢ are insulated one from another by rings or
-washers of amianthus paper g, (see Figs. 4, 5,
and 6,) and between the vertical faces of the
sald cups of the same horizontal tier there are
also interposed small pieces of amianthuspa- 45
perh. Imayemployany otherinsulating ma-
terial; but the amianthus paper gives very
goodresults. Imay,forinstance,employ min- -
eral wool. The cups may be affixed to the cyl-
inder ¢ by any othersuitable adhesive cement. 8¢
The external portions of the battery elements
are cooled by a current of air, which, entering
through suitable openings provided in the
base [, passes through the holes »’ of the cir-
cular gallery k', and through the three spaces &5
left around each element, finally escaping
after having been heated through the holes
in the cover s. This circulation of air takes
place over all the surfaces of the portions of
the elements which requires to be cooled, in- go
cluding the vertical exterior face, because
there is a certain amount of space left be-
tween this space and the jacket q. To favor
the cooling, this jacket is blackened inside
and outside. | | 95
With the construction of stove which I have
just described and which is represented in
Figs.7 and 8the gases of combustion pass more
or less directly to the chimney. It results
therefrom that the higher portions of the bat- 100
tery are less heated than the lower portions
and furnish a current less intense than the
latter. The utilization of the combustible
will then be better and the electric result be
aungmented if the gases remain a long time 103
within the space between the reservoir » and
the cylinder e and are obliged to rise to the
upper part of the stove. This effect may be
obtained by interposing between the reser-
voir n and cylinder e an additional cylinder 116
v, serving as a baffle. In this construction,
which is represented in Fig. 9 of the draw-
ings, the gases of combustion, arriving at the
exteriorof the winged cylinderm, risebetween =
the reservoir 7 and the additional cylinderw, 11
which may be made of sheet-iron or cast-iron,
passing through orifices v’ in the upper part
of the said cylinder, descending through the
space between the cylinders v and e, and es-
caping by the smoke-pipe o after having lost 120
the greater part of their heat. In this exam-
ple the horizontal flange n’of the winged cyl-
inder m, as showmrin Fig, 7, must evidently
be suppressed, as the additional eylinder v
| serves the same purpose and .in a much more 125
efficacious manner. . | |
Besides the above-mentioned advantages,
the additional cylinder ¢ prevents the melt-
| ing of the elements by any sudden increase |
of heat which may take place at the level of 1 30
the hottest portion of the incandescent fuel.
It is -obvious that without changing any
part of my invention instead of employingin
the stove g solid combustible—such as coke

|
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or coal—I may alsc employ a liquid or gase-
ous combustible.

The stove represented in the drawings may

be heated by gas or other hydrocarbon Ilqmd
by simply taking out the grate and introduc-

ing in its place suitable combustlon appa,u
ratus

- What Iclaim asmy invention,and desire to
secure by Letters Patent, is—

1. An eleetrode for a thermo electric bat-
tery, composed of antimony, zine, cadmium,

and silicium in proportions substantially as.

herein set forth.
- 2. An electrode for a thermo-eleetric bat-
tery, composed of antimony, zinc, cadmium,

silielum, copper, and tin in proportions sub-

stantially as herein set forth.

3. The combination, with each battery ele-
ment and the heating-surface to which it is
attached, of a metal cup ¢, receivingthe inner

end of said element and insulated therefmm
by a cement which serves to hold theelements

in the cup, the s2id cup serving to attach the
elements tc the heatmﬂ'-surfaee and totrans-
mit heat uniformly around that end of the

as herein describeg.
4. The combmatwm with a heating-surfaee

and a series of thermo-electric-batfery ele-

3o ments mmnged in several tiers against sueh

483,782

surface, of a series of metal cups ¢, receiving
and insulated from their respectwe elements

and each insulated from the adjacent onesof

the same tierand from those of the tiergsabove
and below and being secured to said heating-

surface by an 1nsulatmﬁ- cement, substan-
tially as herein set forth,
5. The combination, with the combustion-

chamber and the semee of thermo-elecetric ele~

ments with whieh it is surrounded, of three
annular walls n v e, arranged one within
another between said chamber and said se-
ries of elements and forming two annular
spaces, the inner of which spaces communi-
cates at its lower part with the combustion-
chamber and the outer of which spaces has

| an outlet in the lower part to the atmosphere,

and the middle wallv, having openingsin the
upper part, and the {hermo-electri ic elements

35

o

being outsideof andattached tobutinsulated so

from the ontermost of said walls ¢, all substan-
- tially as herein set forth.

In witness whereof I have hereunto signed
my name in the presence of two subsembmg

| Witnesses.
element which is to be heated, substantially |

PAUL GIRAUD.

Witnesses: -
RosT. M. IIOOPER

CHARLES ASSI.
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