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UNITED STATES PATENT OFFICE 
TELEROELECTRICELEMENT 

Ritaria W. Wiegend, Cincinnati, Ohio, assignor 
to tae Elaeaegesi (Co., Cincinnati, Ohio, a cor 
poration of Ohio 

Application August 24, 1939, Seria No. 239,956 
Clair. 

The present invention relates to alloys and in 
particular to those alloys which exhibit an elec 
tric effect upon subjection to heat. 

In my application Seria No. 288,408, filed Aug 
ust 4, 1939, entitled “Thermoelectric generators,' 5 
I have described a thermoelectric generator COIn 
posed of a large number of theranoelectric traits 
connected in series. These Anits are constituted 
of an alloy of antimony and zinc together with 
connecting strips of a metal snown on the Inar 
ket as “cope.' It Was gointed out in that ap 
plication that, when the thermoelectric unit is 
subjected to a readily attainable temperature 
gradient, considerable thermoelectric energy is 
produced by the generator. The present inven 
tion is directed to the thermoelectric unit as an 
article of manufacture, also to the Rethod of 
making the sane, although it is to be under 
stood that the alloy employed in the unit has 
general purposes in the netallurgical arts. 
The primary object of the invention is to pro-. 

vide a new alloy which is particularly useful as 
a highly efficient generator of thernoCurrents. 
Other objects are to provide a siaple and in 

expensive method for producing an alloy of this 
character; to provide a thermoelectric alloy in 
which the crystalline structure of the metal con 
stitites a large number of thermocouples; to 
provide an improved alloy and a method of Inak 
ing the same in which the constituents of the 
alloy form inter-metallic compounds of a highly 
sensitive thermoelectric character; to provide a 
thermoelectric alloy together with terminals of 
an improved character through which the ther 
mocurrent is taken from the alloy, and to pro 
vide an improved method by which the alloy 
and terminals are secured together to give Op 
timum thermoelectric results; to provide a ther 
moelectric unit of antimony and zinc with a 
connector formed of a metal which does not cor 
rode when the unit is heated. 
The final object is to provide as an article 

of manufacture a complete thermoelectric unit 
including terminals therefor, and ready to be 
assembled into a battery of units to Constitute 
a thermoelectric generator, and, in addition, a 
cooling arrangement adapted to be secured to 
the unit, in order to increase the temperature 
gradient for a given hot junction temperature. 
The invention will be better understood when 

reference is made to the following description 
and the accompanying drawings, in which 

Figure is a diagram showing the manner 
in which the improved thermoelectric units may 
be operated to provide electrical energy. 

30 described hereinafter. 

(C. 36-5) 

Figure 2 is a chart setting forth the main 
steps in the method of making the improved 
thermoelectric unit. 

Figure 3 is a perspective view of a typical 
In Ould and a ladle just above, containing the in 
proved alloy, and 

Figure 4 is a perspective view of a preferred 
shape, in Which the alloy is cast to give opti 
In resultS. 

10 Figure 5 is a sectional view taken across the 
complete thermoelectric unit including the con 
nectors and the cooling device. 
Figre 6 is a view similar to Figure 5, but 

showing a modified manner of securing the con 
5 nector to the unit. 

Figure is a diagram showing in highly mag 
nified size a typical cross-section of the in 
proved thermoelectric crystal structure. 

Figure 8 is a graph plotted against volts and 
0 anperies to indicate the performance of a large 
number of the improved units when connected 
in series to constitute a thermoelectric gener 
ator. 

Referring more particularly to Figures 1 and 
54, numeral designates a thermoelectric unit or 
member which has the property of developing a 
considerable E. M. F. across two opposite faces 
when the constituents of the unit are of the 
character and are made in the manner to be 

These units preferably 
have a wedge-shaped form and are cast as a 
block of uniform thickness as can be seen more 
clearly in Figure 4. A number of the units are 
assembled together, with the smaller width por 

35 tions extending in the same direction so that, 
when assembled, they... form a cylinder of closed 
Configuration and have a thickness determined 
by the thickness of the unit or block. The sides 
of each segmental block are electrically insul 

40 lated from one another, except for a conductor 
2 which makes contact with the outer surface 
of one block and the inner surface of the next 
adjacent block, as can be seen more clearly in 
Figure 5. The segmental blocks or units are in 

45 sulated from one another by means of strips 
3 of mica which are interposed between the 
COnducting strips 2 and the converging sides of 
the blocks. 
The strips 2 are secured to the blocks in any 

50 suitable manner, but, as will be explained in con 
nection with the moulding operation, are prefer 
ably cast in place by means of projecting tabs. 
As shown in Figures 1 and 5, each unit is pro 
vided with a heat-radiating device, preferably in 

55 the form of a copper strip or fin 4, bent in the 
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middle, as indicated at 5, and secured in any : The segmental blocks may have any con 
suitable manner to the upper flat surface of 
the metal strip 2. In practice, this strip is suff- . . . 
ciently long to provide a pair of overlapping ends, 
as indicated at 7, these ends being spot-welded 

venient size and shape, but I have found that 
good results are obtainable when the narrowest 

5. 

together and to the strip. 2, as can be seen more 
clearly in Figure. 5. : * : * : * 

My investigation of thermoelectric effects ex 
tending throughout a long experience has shown 
that the common characteristics of alloys for 
thermo-pile use are: 

; : 1. They must, in combination of alloys or an 
alloy and a metal, generate a relatively high po 
tential for a given temperature difference ber 
tween the hot and cold thermocouple junctions. 

2. The electrical conductivity of the metalis or 
alloys should be relatively high to minimize the 

is internal loss due to internal resistance within 
the couple. 

3. Thermal conductivity of the metals or alloys 
: should be relatively low to minimize the ten 
perature increase at the cold junction of the 
thermocouples due to the heat transference 
through the alloy or metal from the hot junc 
tion. The lower the thermoconductivity the 
shorter the units can be, and hence the length of 
the conductors between units can be materially 

: shortened to obtain a given result. . . . . . . 
. . . When compounding alloys, there occurs the 
opportunity by proper choice of metals, proper 
determination of proportions of each metal in the 

: ; compound and proper technique of melting, 
fluxing, pouring and chilling to create in the re 
suiting unit a new phase or structure known as 
an inter-ninetallic compound. his composition 
is usually harder: than other compositions of the 
same metals and of different electronotive force, 

a thickness of approximately '. 

width of the segment is approximately 3%' and 
the wider width is approximately 4'', the seg 
ment having a length of approximately 1%' and 

The length 
of the block as given has been found adequate 

20 

20 

to provide a readily obtainable temperature 
gradient when using ordinary cooling means such 
as air cooling without necessitating an extremely . 
high temperature at the hot unction end. The 
Segments may be made considerably shorter, 
even to the extent of being two-thirds as short 
if adequate cooling means were employed to sus 
tain the required gradient. For example, instead 
of cooling the cold junction by air currents, this: 
junction may be cooled by liquid air, dry ice or 
forced refrigeration, in which case the length of 
the segment can be materially reduced. This, 
length seems primarily important only as a fac- . . . . 
to of permitting adequate resistance to the heat 
transition from the hot junction to the cold junc 

: tion end. While I have illustrated these blocks 
as being of solid construction, it may be desirable 

i to make them of hollow configuration in which 
Case they would Weigh less and would cause a 
reduction of the fragility of the alloy by provid 
ing chilled surfaces on the interior of the block 

30 

but not always harder than the metals from . 
which it is made or the other alloys of the same 
Systern. 

have discovered an alloy constituted of two 
metals appearing in a definite range of propor 
tions which when melted toegther in the manner 
described hereinafter producestratified layers of 
two or more inter-metallic compounds which ex 
hibit considerably more thernoelectric effect 
than either of the metals of which the alloy is 
composed. 
For the material of the block , I prefer to 

employ an alloy which is constituted in part of 
antimony. The other alloy constituent is prefer 
ably zinc with the antimony ranging between 
67% to 55% by Weight and the zinc between 33% 
to 45% to make a 100% alloy. As will be ex 
plained in connection with the moulding opera 
tion, there is also a small amount of flux prefer 
ably dechlorinated salt and a trace of arsenic 
in the alloy. Instead of employing. zinc, I may 
use any metal having a lower melting point than 
antimony and which provides a malleable matrix 
for the antimony particles. For example cad 
mium may be employed in place of the zinc. 
Silver may be used in place of the antimony. An 
alloy which has been found particularly satisfac 
tory is composed of 66% antimony, 34% zinc, 10 
ounces of dechlorinated salt per hundred pounds 
of antimony and a trace of arsenic. It will be 
understood that these percentages may be varied 
considerably or at least within the ranges set 
forth above with corresponding resultS. 
As Will be explained in connection with the 

moulding or casting operation, the alloy set forth 
immediately above meets all of the requirements 
stated hereinbefore which characterize a highly 
efficient thermoelectric generator. 

$5 

as well as on the exterior thereof. Structural re 
inforcing members could be cast or otherwise in-, 
Serted in the walls of the hollow blocks, so that 
the thickness of the walls can be still further 
reduced. 
For the electrical conductor 2, I prefer to em 

ploy a strip of metal which does not readily cor 
rode upca being heated and which has the same 
Width as the thickness of the block to which it is 
secured in any suitable manner. Two ways of 
accomplishing this will be described presently. 
The metal which I prefer to employ for this pur 
pose is known on the market as “copel,' which 
is constituted of approximately 46% nickel, 54% 
Copper. 
When tests on the block of alloy containing 

antimony and zinc in the percentages above not 
ed and provided with copal connectors at each 
end, and subjecting the block to a temperature 
gradient of approximately 600° F., I have ob 

50 tained a voltage of approximately of a volt. 
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However, it will be understood that as the tem 
perature gradient is increased, for example, by 
heating the hot junction end to a temperature 
as high as 1000 F., slightly less than the melting 
point of the alloy and cooling the cold junction 
end to as low a temperature as -60 to -100° 
F., it is possible to increase this voltage very ma 
terially. These low temperatures can readily be 
obtained by apparatus known to those skilled in 
the art. Assuming that a temperature gradient 
Specifically mentioned above is employed, when 
thirty of these units are assembled per layer and 
five layers are held in a rigid structure in any 
Suitable manner, the electromotive force theo 
retically obtainable between the first and last 
terminals of the units in the aggregate is 
150X.1=15 volts. However, due to looseness of 
contacts and other resistance losses, there is ac 
tually available at the terminals 4 of the gen 
erator, a voltage of ten to fifteen volts, as indi 
cated by the line 'A' on the graph in Figure 8. 
The voltage varies as a linear function of the 
current, as the latter is increased up to approx 
imately two amperes. The voltage at the two 
ampere load is approximately eight volts, and at 
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the one ampere load is aproximately ten volts, 
giving an electric energy output of between ten 
and 16 watts. The characteristic "A" has been 
drawn not only through the performance points 
(marked "x') as the current is increased, but 
through the equivalent points (marked "o'), as 
the current is decreased, showing that the re 
lation between the current and Voltage varies 
as a linear function regardless of whether the 
current is being increased or decreased. This is 
of importance in connection with certain kinds 
of electrical loads. 

if any uses for the energy from a generator of 
this character will readily occur to those skilled 
in the art, for example, the voltages thus ob 
tained are clearly suitable to the charging of 
storage batteries or, indeed, for Supplying the 
heater or filament current of cornercial radio 
Sets. 
While I have described this specific generator 

as being constituted of five layers of thermo 
electric units, it will be understood that any 
number of layers may be used as desired and 
any number of segments per layer employed. 
t is obvious that the improved generator may 
be designed to contain perhaps thousands of 
thernoelectric units arranged in any suitable 
number of layers to produce voltages as high as 
440 volts. For these voltages, it is desirable to 
connect the units in Series. However, if de 
sired, the layers may be arranged in parallel or 
in a series-parallel relation to give any desired 
relation between the current and voltage Values. 

It has been found that the optimum results by 
way of thermoelectric currents and voltages of 
constant character are obtained by Subjecting 
the hot junctions to radiant energy in the form 
of indirect heat. This heat. Inay be obtained 
from any Suitable source and, as a typical ex 
ample, I have shown the hot junctions of each 
thermoelectric unit as being heated by Bunsen 
burners 3 positioned under a plate 9 of refrac 
tory metal and adapted to radiate heat to the 
units S. Heat baffles or barriers are prefer 
ably positioned between the units in order to 
prevent the heat from striking the converging 
sides of each unit. . However, it will be lander 
stood that, in practice, these units when assen 
bled may lie close to one another thus eliminat 
ing the necessity for the ba?ales 9. It will be 
further understood that it is not necessary for 
the units to describe a cylindrical configura 
tion, because, as indicated in Figure 1, the units 
may be arranged in a rectilinear formation and 
still obtain optimum results. 

3 
moelectric currents which takes place within the 
alloys is due, at least in part, to the manner in 
which crystals of antimony and zinc occur in 
the unit during the moulding process which will 
be described presently. The crystal arrange 
ment may be such that zinc forms a maleable 
matrix for the antimony, and the particles of 
2inc and antimony so orient themselves as to 
form thermocouples, all of which are poled in 
a series manner to cause their respective elec 
tromotive forces to add. These electromotive 
forces in the aggregate are available between 
any two Surfaces of the alloy when the latter 
is subjected to a temperature gradient. It is 

5 
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In the event that the units are arranged so 
close to one another as to form a cylindrical 
layer, the hot junctions are in juxtaposition to 
form a cylindrical surface in the aggregate, which 
may be conveniently heated by a hydrocarbon 
fuel burner of any type capable of heating the 
junctions to a temperature of 800° F. to 1000 F. 
For reasons stated above it is preferred that the 
flame of the burner does not contact directly 
with the hot junctions. When using temper 
atures of this value, the strip 4 should have a 
length sufficient to maintain the opposite end of 
the unit or cold junction at a temperature of 
less than 200 F. The convection effects of or 
dinary room air have been found to be sufficient 
for this purpose, but if desired, refrigerated air 
or fans may be employed in maintaining the 
cold junction at a sufficiently low temperature. 
While do not wish to be limited to any the 

ory, it is possible that the generation of ther 

. 
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entirely possible that at the melting heats and 
proportions of the metals used instead of a sim 
ple alloy of antimony and zinc, being formed in 
which the zinc is the matrix, one of two com 
pounds of zinc and antimony structurally sep 
arated into a matrix and crystal is obtained. 
One of these compounds may be constituted of 
Zn3Sb (three molecules of zinc, two molecules of antimony), which chemically is composed of 
44.6% 2inc and 55.4% antimony and melts at 
105i F., while the other is Zn Sb (equal num 
ber of molecules of zinc and antimony, i.e., equal 
in bulk but not weight), which is 65.1% antimony 
and 34.9% zinc by weight and melts at 99.8° E. 
The first of the two mentioned compounds, there 
fore, has a complex structure in that the zinc 
and antimony molecules do not appear in equal 
proportions. The other of the two compounds 
has a simple structure in that molecules of zinc 
and antimony appear in equal numbers. 
The structural characteristics of the arrange 

ment of these compounds in the block is shown 
in the microphotograph, a copy of which in mag 
nified form, is illustrated in Figure 7. The dark 
strata indicated at a, depicts the compound hav 
ing the low zinc content, i. e., the ZnSb com. 
pound, while the light strata indicated at b, 
depicts the compound having the high zinc con 
tent, i. e., the 2n3Sb2 compound. It is apparent 
that the simple and complex metallic compounds 
alternate with one another and there is some 
experimental basis to indicate that the improved 
thermoelectric effect is obtained at the boundaries 
between each pair of compounds. These bound 
aries are broadly suggested by the full lines run 
ning across the figure and separating the dark 
portions from the light portions of the sketch. 
Thus, myriads of thermoelectric couples exist 
along the numerous boundaries, each couple com 
prising metallic compounds of dissimilar char 
acter but both containing zinc and antimony in 
different proportions. In case other metals are 
used instead of antimony and zinc, as explained 
hereinbefore, similar layers in alternate arrange 
ment will be formed by the improved molding 
process described hereinafter, to provide thermo 
electric effects throughout the long boundary 
lines which separate one inter-metallic com 
pound from the other inter-metallic compound. 
My invention, therefore, contemplates the use 

of any combination of metals in the thermoelec 
tric Series, which upon being melted together, 
as explained hereinafter, forms striations or 
layers of different inter-metallic compounds sep 
arated by a thermoelectric junction at the bound 
aries between the compounds. 

But regardless as to whether the theory in 
which the zinc forms a matrix for the antimony 
Cr the theory in which the zinc and antimony go 
into a solution to form striations of different com 
pounds by which the improved thermoelectric 



4 
effects are obtained is correct, it is a fact estab 
lished by numerous tests that when 30 of the 
units as described hereinbefore, are connected in 
series, electromotive force and current values, 
such as indicated in Figure 8 are obtainable when 
employing a temperature gradient as little as 
600° F. It will be understood that when greater 
temperature gradients are employed, for exam 
ple, when the hot junctions are heated to ap 
proximately 1000 F, and the cool junctions are 
cooled to a temperature of -60 F. to -100 F. 
in any suitable and well-known manner, consid 
erably greater voltages and currents are avail 
able. It will also be understood that the rela 
tion between the voltages and currents can be 
varied by changing the electrical connection of 
the units from series to parallel or Series-parallel. 

I have obtained optimum results by way of 
electromotive force and current values when en 
ploying units of the size and shape described 
herein before, but experiments have shown that 
the thermoelectric property is inherent in the 
alloy regardless of its shape or size. I have also 
found that, in general, as the size of the unit is 
increased, the current is increased in a corre 
sponding degree, but the voltage does not in 
crease in the same proportion. For the most 
satisfactory results, it is desirable to maintain 
the general proportions between the various 
dimensions, also the shape of the unit as exem 
plified in Figure 4. ASSuming that the width of 
the narrower portion is a, the width of the wider 
portion should be 2a; the length of the unit 
should be 5a and the thickness of the unit ShOld 
be 5/3a. 
The manufacture of the unit and desirable 

method of securing the strip connectors thereto 
are illustrated in Figures 2 and 3. A mold 3 
of a refractory metal is provided, having an in 
terior of the shape desired for the Segment. The 
strip 2 which connects with the outer surface 
of the unit is preferably provided with four ver 

() 
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tically extending tabs 4 pressed out of the metal, . 
as indicated in Figure 3. This strip is of Suf 
ficient length to extend flatwise against the end 
of the mold leaving an end portion 5 which bears 
against the side of the mold and is bent at an 
angle with respect thereto. 

In practice, the fins 4 are spot-welded to the 
portion of the strip 2 which lies flatwise against 
the end of the mold, these fins being received in 
a slot 6 provided in the end of the mold. The 
other strip 2 passes through a diagonal slot indi 
cated at in the edge of the mold and termi 
nates in a flat portion f8 (Figure 3) which con 
tains a pair of inwardly extending tabs S. The 
end portion 8 terminates in a bent portion 20 
which is bent at an angle with respect to the 
side of the mold. 
For the manufacture of the thermoelectric 

unit, I prefer to first test the antimony in its 
raw state by flame to determine whether any 
arsenic is present. A trace of arsenic is pres 
ent in Some antimony and is needed in the fusing 
of the crystal, its action being that of a flux to 
assist the formation of many minute crystals 
during the melting of antimony. If there is no 
arsenic in the metal, a small amount is added 
in the next step which is to melt the antimony. 
This is done at 1350° F., at which temperature, 
the metal is light red in color. There is then 
added a flux which breaks up the antimony into 
the finest possible condition and drives off any 
gas that is present in the molten maSS. Suitable 

45 
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nesiun, beryllium and vanadium. From the 
standpoint of cost and result, experiment shows 
salt to be the best of these fluxes. However, be 
fore it is introduced into the molten antimony, it 
must be heat treated for a couple of hours at a 
temperature of 800° to 900 F. to dechlorinate 
the Sait. After this treatment, the salt is dark 
brown in color, and it is added to the antimony 
in a proportion of ten ounces to a hundred pounds 
of antimony. 

Zinc is added with the temperature remaining 
at 1350 F. and its addition should be accompa 
nied by extreme vigilance to prevent appreciable 
lowering of the temperature or too rapid a mix 
ing of the metals. The final step in the process 
is the pouring of the mixture into the mould 3, 
as indicated by the ladle shown in Figure 3, the 
metal being maintained at a temperature of ap 
proximately 1350 F. during this step. 
The molten metal will fill up the entire mould, 

encompassing the tabs 4, 9 and flowing between 
the strip extensions 5, 20 and the side of the 
mould, thus securely holding the strips 2 and 
the heat-radiating fins 4 to the unit . Inasmuch 
as the tabs, in extending inwardly into the cast 
metal, tend to reduce the resistance of the lat 
ter slightly in the longitudinal direction, the 
tabs should not be too long and yet they must 
have a sufficient length and width securely to 
hold the strip 2 in place. I have found that, 
when the block f is of the dimensions set forth 
hereinbefore, particularly good results are ob 
tained by way of Securing the strip 2 in the block 
without reducing the resistance to an excessive 
degree when the tabs have a dimension of ap 
proximately 4', i. e. as measured in the vertical 
direction, and ' long as measured in the hori 
ZOntal direction. As the size of the unit f is in 
creased, the length and width of the tabs should 
be increased accordingly. 

In practice, a number of thermoelectric units 
are cast simultaneously in a multiple mould, 

even as many as thirty or more to form one of 
the five layers of a thermo-generator, as de 
Scribed hereinbefore. If desired, a number of 
individual moulds 3 may be employed for this 
purpose, and, after being cast to form, as in 
dicated in Figure 3, the adjacent units may be 
brought together, as shown in Figure 1, and in 
sulated from one another by their mica strips 3. 

Instead of providing the strip 2 with tabs 
which are cast into the metal, other fastening 
means may be employed. Thus, in Figure 6, I 
have shown a stud 2f secured to an anchor 22, the 
latter being cast in place and the strip being held 
to the stud by a nut 23. In order that the metal 
of the unit will not attack the stud 2 f, the lat 
ter should preferably be silver-plated. It will 
be noted that the stud-and-nut arrangement 
may be employed, if desired, to hold the fin 4 in 
place. It will be noted in Figure 6 that the stud 
Securing means is illustrated as being employed 
only for Securing the strip 2 to the upper face 
of the unit ... I prefer to use this securing means 
Only at the cold junction end of the unit so that, 
in the figure, I have indicated the tab method : 
of securing the strip to the unit at the hot junc 
tion end. 

Figure 2 illustrates, by way of a flow diagram, 
the main steps of the method for producing the 
improved thermoelectric alloy, i. e., an alloy 
which, upon being heated, exhibits thermoelec 
tric effects between any two surfaces thereof. 

fluxes for this purpose are ordinary salt, mag-75 Upon fracture, the alloy will be found to have a 
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marked crystalline appearance, is somewhat brit 
tle and is slate gray in color. . 

It has been pointed out that when antimony 
and zinc in the proportions stated are melted and 
cast as described hereinbefore to form a block 
of thermoelectric material, an alloy is produced 
which has a new phase or structure known as an 
inter-metallic compound. This compound is in 
addition to the Ordinary Sb-Zn, and is character 
ized by being composed of three molecules of zinc 
and two molecules of antimony. An alloy in 
which each of these compounds exists generates 
a relatively high thermoelectric potential for a 
given temperature difference between the hot and 
cold thermocouple junctions. Such an alloy also 
has a relatively high electrical conductivity by 
which the internal loss due to the internal re 
sistance within the alloy is minimized. Finally, 
the thermoconductivity of the alloy is relatively 
low so that the temperature increase at the cold 
junction of the thermocouples due to the heat 
transferance through the alloy from the hot junc 
tion is minimized. 
While I have set forth the constituents of the 

improved alloy as comprising antimony-zinc, an 
timony-cadmium, silver-zinc and silver-cadmium . . 
combinations it will be understood that in ac 
cordance with my invention, other combinations 
of metals or pure metals may be employed which 
have the high potential, high electrical conduc 
tivity and low thermoconductivity comparable to 
the corresponding characteristics of the alloys 
specifically mentioned. My invention also con 
templates the use of metals, either in the pure or 
alloy form which upon being melted and cast or 
moulded as referred to hereinbefore produce in 
ter-metallic compounds throughout the metal or 
alloy which is harder than other compositions 
of the same metals and which exhibits a higher 
thermoelectromotive force than the metals from 
which it is made or the other alloys of the same 
metallurgical system. 
Again, it is desired to state that the invention 

is not limited to the use of "copel” as the con 
necting strip between the thermoelectric units as 
this metal or alloy may be replaced by any metal 
or alloy which does not corrode at the tempera 

tures employed in heating the hot junctions. In 
addition, the substitute alloy or metal should 
appear at a position in the thermoelectromotive 
force series of elements which is more positive or 

5 less negative than antimony or than the combi 
nation of antimony-zinc or the equivalent com 
pounds of these last two mentioned metals which 
have been set forth hereinbefore. For example, 
a metal known on the market as "constantan' 

l() may be employed in place of the copel; constan 
tan is composed of 40% nickel and 60% copper. 
I have obtained particularly good results by way 
of a higher thermoelectromotive force by em 
ploying a copel strip secured in any suitable 

15 manner to a block of antimony-zinc in which the 
antimony and zinc have the range of proportions 
set forth hereinbefore. 

It will be understood that the use of the im 
proved antimony-zinc alloy is not limited to a 

20 thermoelectric uint but has many other applica 
tions among which may be cited by way of ex 
ample its use as an effective hardener when added 
to zinc, to aluminum alloys and to Cast iron. The 
improved alloys may also be used for inexpensive 

2 jewelry, as with proper handling, the alloy comes 
from the moulds with brilliant and beautiful col 
OS. 

It will be understood that I desire to compre 
hend within my invention such modifications as 

30 come within the scope of the claim and the in 
vention. . 

Having thus fully described my invention, what 
I claim as new and desire to secure by Letters 
Patent is: 

35 An article of manufacture comprising a block 
-of thermoelectric alloy, electrical conductors pro- - 
vided with a plurality of vertically extending tabs 
pressed out of the metal and which enter the 
block at each end whereby the conductors are 

4n rigidly secured to the block, and a strip of metal . 
in the form of a closed loop bent reversely at 
the middle and having its ends in overlapping ar 
rangement and secured by spot welding to the 
Overlapped portion of the conductors at one end 

45 of the block. t 
MARTN. W. WEGAND. 


