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To all whom 1t may concern:

of bronze wire differs according to the size

Be 1t known that I, Rubporr FraANkE, a | of the wire; it increases as the diameter di-

(zerman subject, residing at and whose post-
office address 1s No. 44 Zeisingstrasse, Iiis-
leben, Germany, have invented certain new
and useful Improvements in Improving the
Cenduetivity and Tensile Strength of Cop-
per and Its Alloys; and T do hereby declare
the following to be a full, clear, and exact
description of the invention, such as will en-

able others skilled in the art to which it ap-

pertains to make and use the same.
The object of this invention is to improve

copper and 1its alleys for electrical condue-

tors m such manner as to inerease both the
tensile strength and' the electrical condue-
tivity thereof. - |

The sales department of the German Cop-
per Wire .Association deals in copper wires
having the following physical characteris-
ties:

Tensile strength per
' per sq. mm., kg,
qutlductiv-
ity per
centfe ce. | Soft Hard
wires, drawn
CcC.. wires, cc.
1. Chemically pure copper wires. 95-100 24 4045
2. Bronze wires for telephone
and telegraph cirecuits:
(@) eseesenneecencacannanan 95 Jomeeenn... 40-46
(1) S 8 .. ....... 5052
(1) N e 60 | ... - O8-T1
(1 TP A §.eeeen.... to—-78
(€ e eeaaae.. 30 |.......... 78-84
3. Double bronze wires of any
desired quality.

The grades designated under 2 (4) and
(¢) are mainly used by the German Impe-
rial Pestal Department and by other govern-
mental postal and telegraphic bureaus,—
2 (0) 1n sizes from 2 to 4 mm., to connect

the several telephone.systems with each

other, and 2 (¢) of thie size of 1.5 mm. for
the connections within the telephone sys-
tems themselves.

The tensile streﬁgth of the several grades

minishes, and decreases as the diameter in-
creases.

Phospherus or phosphor-copper serves as
an addition for the chemically pure copper
wires; a coinposition, together with a par-
tial addition of tin, for the harder wires;
and, for the double bronze wires, always

said composition and tin. The composition

referred to consists of 64% aluminum and
36% magnesium. Whether said composition
1s capable of being replaced by calcium, or
by molybdenum has been made the subject
of the tests hereinafter referred to. In these
tests, electrolytic copper of the best quality
was exclusively employed, and hard-drawn

wire as well as soft (annealed) wire was

produced by the drawing operation, as
follows: 1. Wires without any addition.
2. Wires with the addition of ecalcium in
the form of calcium-copper. 3. Wires with
the addition of molybdenum in the form of
molybdenum powder. 4. Wires with the ad-

dition of aluminum and calcium. 5. Wires

with the addition of molybdenum and cal-

eium, (the calcium in the form of calcinm-

copper) ; and 6. Wires with the addition of
aluminum-molybdenum-calcium, (the cal-
cium 1n the form of aluminum-calcium, and
the molybdenum asa powder.) The one por-
tion of the wires remained hard-drawn, the
other was annealed, and both kinds, 1n the

hard-drawn and soft condition respectively,

were tested with regard to their physical
properties. -With the facilities at hand the
wires could only be drawn 3/4 hard, for
which reason it has been found necessary to
revise the calculation to 1/1. The additions
had the following composition: (a) calcium-
copper=12.2% of Ca; (&) molybdenum
powder=97.1%, of Mo and 3-49% of oxid,

Patented Apr. 18, 1911,
Application filed April 4, 1910, ‘Serial No. 553,339.
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1.4% 1nsoluble matter, 0.65% Fe and Al as

carbid; (¢) aluminum -calecium=42.39% of

Ca, 55.85% of Al, 1.859% insoluble matter.
It may be noted here that, asis well known,
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molybdenum has the property of making
copper harder.
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The results obtained are summarized 1n
the following tables:

Copper wires. Soft wires.
Tensile
Seria® Additions. stren; th. Resistance. g ..
namber. | ings ’Iiur—
Welght Crﬁss . over | ° ac%n
per m. |section.| 44 | poy 0 on- | ra- 75
Ca. | Mo. | AlCa. 150 | sq. | 1000 %ilvc: _déus min.
mm. | mm. | m. .
| 1ty.
% % % - 1Sq¢.mm.| Kg. | Kg. %
| RN (R DRI FI 14.51 | 1.44 401 24.6  10.6 08. 2 20 ' 40
y. S 0.05 .. ooofemenna.. 14.52 { 1.44 38| 23.4} 10.6 08. 2 26 | 42
3...... 0.35 oo e 13.57 | 1.392 42 | 27.7 | 11,3 08.6 22 | 38
4. ..... L WY, 2 SN R 13.44 { 1.387 34 | 22.6 | 11.6 97.0 191 52
L T RN 0.05 [Loeue.o. 13.77 | 1.40 38 | 24.7 | 11.1 99. 2 24 | 40
TR P, .35 [ooeuan-. 14.72 1 1.45 44 1 26.7 | 10.5 7.8 24 1 42
f PP R OO [o.....-. 14.32 | 1.43 34| 21.2 | 10.6 | 1G0.0 201 49
- SR RSO P 0.05 | 13.90 ] 1.41 38| 24.4} 11.2 97.1 20 | 38
1 SR PR P J 0.35F 14.07 1 1.42 42 | 26.6 | 17.2 96.0 22 | 36
10. ol e 1.00 [ 14.23 | 1.427 . 40| 250} 12.3 86.3 241 32
il...... 0.35 | 0.35 |........ 14,63 | 1.445 46 | 28.0] 10.3 80.81 23| 60
12 ..... - 0.35 0.35 } 14.85{ 1.456 37 | 22.21-10.31 98.4|......l......
b ]
Copper wires. Hard-drawn wires.
Additions. Tensile strength. Resistance.
‘Serial 11
nmfnber. Weight (‘.;Igis 3/4 hard. hd. Bend-
Ca. | Mo. | AlCa. | ' 1000 %}10— over 5%0.?
At | Per | Per | m.. i V- | radiug |88 79
150 | sq. | sa. ty. 5, | TOI.
mm. | mm. | mm. |
o5 % % Sq.mm. Kg. | Xg. | Kg. %
] P 14 88 | 1.457 60 { 36.0 48 o| 10.8] 94.3. . 11| 18
y S 0.05 |.ceoeei|onnnnnnn 1465} 1.447 | 62| 37.8 50.4| 10.8{ 965.7 8 8
3...... 0.35 {eceeen|omennnns 13.65 | 1.397 62| 40.5}f 540 11.3 | 98.0 8| 10
4_..._.. | 9011, 1 1 (PO R 13.85 | 1.407 8 | 37.31 49.7 | 11.5| 95.0 9| 12
5 TP 0.05 |........ 14.00 | 1,415 62| 39.7 | 52.9| 11.2 | 96.2 91 10
s JRUI DU 0.35 f........ 15.22 | 1.475 62| 36.1 | 481 10.5] 94.5 g{ 10
y S ceeae] LOO1........ 14,92 | 1. 460 64 | 383 S81.1 | 10.5| 97.0 81 10
- J DI PO 0.05 | 14.50 | 1.440 62 | 38.2 1 511} 1L.1| 940 0o} 14
S SR SRS R 0.35 | 14.46 1 1.438 60| 37.0t 49.3| 11.1 | 94.0 10 8
{1 R DN PR 1.00 | 14.48 | 1,440 581 35.7 | 47.6 | 12.2 | 85.2 81 12
11...... 0.35| 0.35 j........ 14.55 | 1.442 63| 38.6 5.5 | 1.6} 98.0 131 17
12 . |eee... 0.35 0.3b| 14.87 | 1. 457 60| 36.0|.48.0| 10.5| 96.5 1 12-13 | 13

From the foregoing tables it appears;

1. The wires designated by Serial No. 1,
and without any addition, correspond to the
requirements of the chemlcally pure copper
wires listed in the first instance under 1,
which have been customarily produced by
the addition of a certain amount of phos-
phorus or phosphor-copper, and for which
the requirements are:

¢

Tensile strength.
Conduc-
tivity.

Soft. Hard.
- %% Kg. Ky,
95-100 24 40-45

These requirements are fulfilled with:

Tensile strength.

Conduc- - |
tivity. : |
Soft. Hard.

% Kq. K.
04, 3-98.2 24.6 48

This determination serves as

an assur- |

ance of the purity of the electrolytic copper
employed, and shows what physical value
can be obtamed without any addition what-
ever, Trom such a grade ot copper.

2. The hard-drawn wires produced Wlth
the addition of calctum-copper and bearing
the Serial Nos. 2 to 4, correspond to the
hHard-drawn bronze wires designated in the
first instance under 2 @ and 6 heretofore pro-
duced by the addition of corresponding
quantities of the aluminum-magnesium com-
position, for which the reqmrements are;

Conduc- | Tensile strength

fivity. | per sq. mm., hard.

y/1 S % - K. |
/1 S gg : 4046
50--52

These requirements are fulfilled by:

Tensile strength
per sq. mim., hard.

Conduc-
tivity.

9% Xg.
g8
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This determination shows that with an !

addition of caleium up to 0.835% we are able
to produce hard-drawn wires not only of

the conditions under 2 @ and b, but even of_

a tensile strength up to 54 kg. per sq. mm.

with a conductivity of about 989%. That |

18, while with the aluminum - magnesium
composttion, the aluminum constituent is
tavorable to the tensile strength and un-
favorable to the conductivity, the calcium
addition likewise exerts a favorable influ-
ence upon the tensile strength and in no wise
detracts from the conductivity. This de-
termination shows that calcium as calcium-

copper 1s far superior to the aluminum-mag-

nesium composition. |
3. The hard-drawn wires produced with

‘the addition of molybdenum and bearing

Serial Nos. 5 to 7 correspond, with a molyb-
denum addition up to 0.359% maximum to
the requirements of the hard-drawn bronze
wires heretofore produced with the addi-

~tion of corresponding quantities of the
- aluminum-magnesium composition and listed

25

In the first instance under 2 ¢ and 2 5, for

- which the conditions are as follows:

30

39

40

45

Conduc- | Tensile strength

tivity. | per sq. mm., hard.
I|r .
% Kg.
Under2g...| - 95 40-46 |
Under 25. .. 85" 90-52

* These conditions are fulfilled by :

Conduc- | Tensile strength
tivity. | per sq. mm., hard.

-9 K. o
- 96.2 52.9

[

This determination shows, that, with an
addition of molybdenum up to a maximum
of 0.35%, we are enabled to produce hard-

drawn wires not only satisfying the require-

ments under 2a and 20, but even of a ten-

- sile strength up to say 53 sq. mm. and with

50

99

60

a conductivity of say 96%. While, there-
fore, with the aluminum-magnesium com-
position, the aluminum addition is favorable
to tensile strength and prejudicial to con-
ductivity, the addition of molybdenum like-
wise exerts 4 favorable influence upon the
tensile strength and is in no wise prejudicial
to conductivity. This determination shows
that molybdenum (preferably to be added

as molybdenum-copper) is far superior to

the aluminum-magnesium composition and
has properties quite similar to those of cal-
cium. : ~ -

4. The hard-drawn wires produced with

the addition of aluminum-calcium and bear- |

| dinarily valuable pr

8

ing Serial Nos. 8 to 10 correspond, it is true,
in general with the hard-drawn wires pro-
duced with the addition of corresponding
quantities of the aluminum-magnesium com-
position listed in the first instance under 2«
and 20, but show the unfavorable influence
of the aluminum upon their conductivity.
For this reason, this addition should not be
employed. .

9. 'The hard-drawn wire produced with a
calcium-molybdenum addition and bearing
Serial No. 11 corresponds, with an addition
of molybdenum and ecalcium addition (of
each 0.35%,) to the requirements of the
hard-drawn bronze wires produced by the
addition of corresponding quantities of the
aluminum-magnesium composition listed in
the first instance under 2a and 20, and com-
bines the good qualities which calcium and
molybdenum develop when individually em-
ployed. With this combined addition of
say 0.35% (as against the addition of the
aluminum-magnesium composition), hard-
drawn wires of a tensile strength up to 52
kg. per sq. mm. and with a conductivity of
98%. can be produced. '

6. The hard-drawn wire produced with an
addition of aluminum-calcium-molybdenum,
(made up of 0.35% each. of aluminum-cal-

cium and molybdenum) manifests the favor-

able 1influence due to molybdenum and cal-
cium, but, in consequence of the presence of
the aluminum, does not exhibit those good
qualities which calcium and molybdenum
when employed alone develop. For this
reason, this addition should not be used.
These tests have established the extraor-
osition, (1), that cal-
cium and molybdenum-addition can be ad-
vantageously substituted for the aluminum-

‘magnesium composition heretofore employed

for hard-drawn bronze wires, (2) that, (in
contrast to additions heretofore employed)

“with an addition of at the most 0.35% of

calcium, or of molybdenum, or of both met-
als, hard-drawn wires can be produced with
at least 50 to 52 kg. per sq. mm. tensile
strength and with a conductivity of 959,
and (3) that, in view of the good qualities
of calcium and molybdenum, it is advisable
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to produce the conditions referred to in the

first mstance under 1 corresponding to
chemically pure copper wires, not by the ad-

| dition of phosphorus or phosphor copper,
{ but by means of a moderate (say 0.05 -to

0.10% ) addition of calcium or molybdenum
or an addition of both metals. For tele-

phone and telegraph purposes these results.

which have never before been obtained, are
ot the most far-reaching importance.

As hereinbefore stated, the sales Lranch
of the German Copper Wire Association

also deals in bronze wires, for telephone and.
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telegraph circuits, having the following | tion of Ca, (2) bronze wires of Cu and Sn
physical properties: ~ with the addition of Mo, (3) bronze wires
Hard-drawn bronze wires.—2¢ with 60% | of Cu and Sn with the addition of Ca and
conductivity and 68-71 kg. tensile strength | Mo. The one portion of the wires remained 65
5 per sq. mm, 2d with 40% conductivity and | hard-drawn, and the other portion was an-
6578 kg. tensile strength per sq. mm.. 2¢ | nealed, and both kinds in their hard-drawn
with 80% conductivity and 78-84 kg. ten- | and soft condition were investigated as to
sile strength per sq. mm. For these bronze | their physical properties. With the facili-
wires, a composition of 64% aluminum and | ties at hand the wires could only be drawn 70
10 36% magnesium serve as the addition in | 3/4 hard; it was therefore necessary to re-
connection with tin. By the following tests, | vise the calculation to 1/1. The calcium
it was to be determined, whether, in the | was used in the form of calcium-copper, and
presence of tin, the said composition should | the molybdenum in the form of molybdenum
be supplanted by calcium or molybdenum or | powder. The additions had the g}llowing 75
15 by both metals. In these tests, electrolytic | composition; (a) Calcium -copper=12.2%
copper and tin of the best quality were em- | calcium,=97.2% Mo, with 3-4% oxid;
ployed, and hard-drawn wires as well as | molybdenum = 1.4% 1insoluble matter, =
soft (annealed) wires were produced, in | 0.65% Fe and Al as carbid. -
such manner, that there were drawn, (1) | The results obtained are summarized in 80
920 bronze wires of Cu and Sn with the addi- | the following tables:

. | | 85
95 Composition. | Hard-drawn bronze wires. |
Tensile strength. | Resistance.
E‘IJDBIﬂal | | 1/1 F};ieezg- Tor '
0. | .
| O C M ' g Welght %E%E:S 3/4 bard. hard. - upon | sion . ()
3 0 Q. 1. 0. 1. per 1., lon 0 Con- ara-|at 7o
" 1 1000, |" duc~ | dius fmm. |
At | Per | Per | m. [tivity.| ©-
150 sq. sq.
- o7 o o o7 qd. |Sqg.mm. Ky.| Xyg. | Ky. % | 0b
35 1...... 0] ¢35 70 |08 | s ["ibos| 88| 44 | 587 10.2| 8 | 11| 13
y. S 1001 0.35 |....... 1.0 17.9 1.6 99 49, 3 65. 7 11.3 |- 7.5 13 14
3 ... 100 0.35 |....... 1.05 | 18 | 1.6 100 | 49.8 1 66.4 | 14.9| 57 7] o
4 ... 100} 0.35 |....... 2.0 i8.15 1.61 | 114 | 56 74.7 18. 4 45.5 121 .9
S 100 ....... 0.36]1 0.5 17. 8 1. 585 88 | 44.3 | 59.1 10.5 81 9 11
6..... 0 100 |.....-. 0.35 | 1.0 17.5 1.58 a8 50 66. 7 15.2 57 12 12
Y S 100 {...--. Jd 0.35 (1.5 17.1 1.56 106 5. T4 18.5 48 11 13
8 ... 100 .._....| 0.35 ]| 2.0 17. 25 1.57 114 | B89 T8. 7 21.1 42 il 9 100
9. - 100 0.35| 0.36 | 0.5 17.75 1. 59 a6 48.4 | 64.5 | 12.2 70.5 10 10
40 10.___._. 100] 0.35 0.3 | 1.0 17.2 1.57 98 | 50.7 | 67.6 16. 4 Hd 1237 13
11...... 100 0.35 0.35 | 1.5 17.6 1. 585 118 59 78.7 20.1 43 31 13
12...... 100 0.35| 0.35 |20 | 17.85| 1.595| 110 55 73.3 1 2L.8| 39 gl 9
10b
45
Composition. Soft (annealed) bronze wires.
| Tensilo Resistance. |Flex- |
sSer. No. ' Btrﬁngth. : ures TOI" : 1 1 0
50 | | | Wet. | Cross | _ upon | sion
Cu. | Ca. | Mo. } Sn. |05, | section. a ra- | at 75
At 50{Per sq.| @ 1000 |Condue-| dius | mam.
mm. { mimn. m. [ tivity. 5.
9 A A 9, ¢. i1Sg.mm.| Kg. | Ky. A 1’1 5
1._..... 100 0.35 |....... 0.5 | 18 1.6 H8 1 28.8 9.9 85. 9 181 48 -
55 | 1 2._.... 100 | 0.35 |....... 1.0 16.3 1.52h 5 | 30.8 12.2 i 14 | 50
3...... 100 0.35 {.......1 1.5 | 18.05| 1.605 60 [ 29.7 14.7 57.5 17 49
4.} 100} 0.35 |..-.... 2.0 17.85 Y 1.595 68 | 34 18.4 46.5 16 | 42
Divann. 1060 |....... 0.35) 0.5 17.55 ] 1.58 6831 34.6 10.6 82 16 | 42
6.. ... 100 {_...... 0.35| 1.0 16.55 [ 1.535 64 | 34.7 {1 . 15.8. 58.5 16 | 30
Y 100 |....... 0.35| 1.5 16. 65 1. 545 70 40.5 | 19.2 47.5 18 |- 46
8.u.-- Jd 100 (... .. 0.35 | 2.0 16.15 1. 515 60 36.7 2b. 4 40.5 17 40
S 100 0.35! 0.35{ 0.5| 18.2 | 1.61 62| 30.5| 11.7 | 71.5| 18] 55 120
10.. ... 100 | 0.35| 0.35( 1.0} 165.75] 1.5 76 | 43 17.6 hb 18 | 36
66 11...... 100 0.35| 0.35| 1.5| 16.1 | 1.51 70 | 39 21.3 [ 44.5! 20| 23
12 ... 100 0.351 0.35| 2.0 17.2 1. 57 721 37.2 | 23.1 38.5 18| 19
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If we arrange the drawn wire grades according to the tin additions, we obtain the
following groups: ' * |

1

I. Wires with 0.6 9, Sn.

|

i

Hard-drawn bronze wires.

Soft (annealed) bronze

From a practical standpoint, in drriving.
at a determination of the quality of these

wires.
Tenslle ® E ﬂ ® z|
nﬁg{fgr Ca. | Mo. | Strength per - 00 o . |18 | H
. _ . 5q. mm., B Casy | W - Py s T
- . w2 i3 e~ ® £ = = t=
e 8 -+ + . & g "';
i BRI T £ |33 & o B 3 891 g
I: E E ,.g ' E 2 .,E — ’g ,g a ~ [ .S
\ | v | = | § |8 | §| & 2 18 | &
, 3 i & | & | O |A | B | H S (R 3
- Yo % | Kg. | Kg. | % - K9. | %
Yooeoo.| 0.35 ). ...-.. 44 58.7 1 84 11 13 28.8] 855 18 48
Beenane feecrne 0.35 1 44.3¢( 59.1 | 81 4] 11 34.6 | 82 16 42
0...... 0.35| 0.357 48.4| 64.5| 70.5| 10 10 30.5 | 71.5 1 18 55
I Wz‘re.s'with 19, Sn.
: . Soft (annealed) bronze
Hard-drawn bronze wires. C wires.. -
!- . . r .. B
Serial | i < BB | 5| E
erial § ~. | 4. | Strength per {. . , el = . X
humber. | ©3 | MOt | Vs Tmm. |7 g S| 1 | g 5 & §“= 2
| ' E ' = E 42 5. [ “5’ 3
| ; s g | B 83| 5] 4% | B [3”]| S
| | 5 | § | 2 |88l 2| 2y | 2 [B&| &
' | _ g |5 % a P g |X %
_ wH - o) — o @ = — Q.
| ) — O = S E Q- .k‘_ -
r | PN '
Yo % | Eg. | Eg. | % | Kg.' | % |
' Deveenn 0.35 |....... - 49.3 | 65.7) 75.5 ) 13| 14 30.8 | 77 14 50
I o Beveneifenanans] 0.35 | 50 66.7 | b7 12 12 34.7 { 65. 16 ¢ 30
10...... 0.35} 0.35} 50.7| 67.6 | 54 12 131 43 55 18 36
..... S T _b } .
III. Wires with 1.6% Sn.
 Hard-drawn bronze wires. Soft (annealed) bronze
. wires. -
Serial | strength ; - § E | < g
eria _ ' gtren per . B e d=I .
pumber. | C& | Mo. | gq mm, | B Emi 1 gg Bo|gs| .
| ' ' B B EE'. BBl 8
. - = .
| 5 |88 2| 25 | B |BE| 2
= k= I >Rl I B8 B> Rl B
g |5 5 |, H g |5 4
~H - (o} — o @ et (=
s | = | S B |8 | & S || &
% | % | Eg- | Eg. | % Eg. | %
3..-... 0.35 |....... 49.8 | 66.4 57 7 9 29.7 1 b87.5 | 17 49
Teeea. cemeras 0.3 | 55.5 | 74 421 11 13 40.5 | 47.5 | 18 46
I1...... 0.35( 0.35 | 59 78.8 43. 8 13 39 44.5 | 20 23
P — e —————— ———— - —— L .
IV. Wires with 2%, Sn.
Hard-drawn bronze wires. Soft (annealed) bronze
_ - wires.
o3 : Kw ol .
Tensile 5 - | g
Serial strength per & g o = H
Ca. | Mo. P . . . .
‘number, | 8. mm, 2 §a: 1 s E 2 E‘ﬁ =
e 0| = & b = >
} . " = g% @ 2 o e @ o
T2 | 8 (828] 8| 2s | 8 (58| B
i g T IRkl B | B | B [RT @
| - =t g (d 3 & g8 |2 =
i o — & =~ = = O K H
Yo % | Kg. | Kg. | % Ky. P
4..c.... 0.35 |....... 66 | 74.7 | 45.5 | 12 9 34 46.5 | 16 42
- JA PO ...| 0.35 59 | 78.7 | 42 11 9 36.7 1 40.5 1 17 40
12...... 0.35} 0.35 8 | 73.3 | 39 9 9 37.2 1 38.5 ! 18 19

il g 4

Filnliar

| bronze wires, only the results as to the hard
drawn wires need be considered. Neverthe-
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less, although the results as to the soit
bronze wires are without practical 1mpor-
tance, they are theoretically significant inas-
much as they justify direct conclusions as to
the effect of the foreign ingredients.

The results as to the hard drawn wires
permit the following conclusions: 1. Quali-
ties may be obtained which not only meet
the conditions prescribed by 2¢ to 2¢ of the
German Copper Wire Association, but
which, together with extraordinary tensile
strength, exhibit even higher conductivities.
9. In the presence of tin, the composition
of 649 aluminum and 36% magnesium may
be supplanted by calcium, or by molybde-
num, or by both metals. 3. In the produc-
tion of the wires, according as it is desired

~ to impart thereto (1) tensile strength, or
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(2) conductivity, the procedure should be
as follows: (a) If we desire higher conduc-
ftivity with appropriate tensile strength, we
should use as the addition tin 1n quantities
of 0.5 to 2.0%, and constant- quantities of
calcium of 0.35%. (b6) If we desire higher
tensile strength with appropriate conductiv-
ity, we should use as the addition tin in
quantities of 0.5 to 2.0% and constant quan-
tities of molybdenum of 0.35%. (c¢) If we
desire specially high tensile strength we
should use as the addition tin (1n quantities
of 0.5 to 2.0% ) and both calcium and molyb-

denum, in constant quantities of each 0.35%.

The making up of the alloys for hard
drawn bronze wire, takes the following
shape, according to the foregoing conclu-
sions: |

| ing a preponderating proportion of cop

. Se- | Condue-| Tensile |
Stress is laid upon: Ir&il tivity. |strength. s5n. | Ca. | Mo.
. : | Yo Ky. 0 v/ Yo

Higher conduetivity.... 1 84 8.7 1 0.6 | 0.35:1.....
Higher tensile strength. . 3 g1 99.1 [ 0.5 }...... 0.35
" Specially high tensile |

strength. .. _......... 9 70.5 64.5 | 0.5 | .35 | 0.35
Higher conductivity.. .. 2 75.5 65.7 | 1.0 0.35 |.....
Higher tensile strength. . 6 57 66.7 | 1.0 j...... 0.35
Specially high tensile *

strengih. .. .......... 1 10 54 67.6 | 1.0 1 0.35 | 0.35
Higher conductivity.... 3 57 66.4 | 1.5 | 0.35 |.....
-Higher tensile strength. . 7 48 74 1.5 |...... 0.35
Specially high tensile |

strength......___..... 11 43 7871 1.5 0.35 | 0.35
Higher conductivity....| - 4| A45.5| 74720 0.35 |.....
Higher tensile strength _ 8 42 78.81 2.0 |...... 0.35
........................ 12 39 73.3 { 2:0 [ 0.30 | 0.35

grades as to conductivity and tensile
strength may be produced, by using tin ad-
ditions of 0.25, 0.75, 1.25 and 1.75%. - This
atfords the possibility of not only fulfilling
the conditions of 2c¢ to 2¢ of the German
Copper Wire Association, but of producing
a great number of new grades wherein con-

While reia.ining' the 0.35% calcium or
molybdenum additions, new intermediate’ |

090,040

. ductivity and tensile strength stand in a

more advantageous relationship to each
other. |

In the appended claims it 1s to be under-
stood that by “copper” I mean any alloy
wherein copper preponderates.

Having thus described my invention, what

I claim 1s: '

1. The method of improving copper for
the purpose described, which comprises add-
ing calcium thereto 1n such proportion as to
increase the tensile strength and conductiv-
1ty thereof; substantially as described.

2. The method of increasing the tensile

| strength and conductivity ¢f copper, which

comprises. adding less than 1 per cent. of cal-
cium thereto; substantially as deseribed.

3. The method of increasing the tensile
strength and conductivity of copper, which
comprises adding substantially .35 per cent.
of calcium thereto; substantially as de-
scribed. .

4. The method of improving copper for
the purpose described, which comprises add-
ing caleium and molybdenum thereto in
such proportions as to increase the tensile
strength and conductivity thereof; substan-

‘tially as described.

5. The method of increasing the tensile

~strength and conductivity of copper, which

comprises adding less than 1 per cent. of
calclum and less than 1 per cent. of mo-

lybdenum thereto; substantially as de-
seribed. -

6. The. method of increasing the tensile:

strength and conductivity of copper, which
comprises adding substantially .35 per cent.
of calcium and substantially .35 per cent. of
molybdenum thereto; substantially as de-
scribed. _

7. An alloy for electrical conductors hav-

per
and such a proportion of calcium that the

| tensile strength and conductivity are in-

creased ; substantially as deseribed.

8. An alloy for electrical conductors-hav--

Ing a preponderating proportion of copper,

‘and less than 1 per cent. of calcium, where-
by the tensile strength and conductivity are

increased ; substantially as described.

9. An alloy for electrical conductors hav-
ing a preponderating proportion of copper,
and substantially .35 per cent. of calcium,
whereby the tensile strength and conductiv-
1ty are increased ; substantially as described.

10. An alloy for electrical conductors hav-
ing a preponderating proportion of copper
and such a proportion of calcium and mo-
lybdenum that the tensile strength and con-
ductivity are increased ; substantially as de-
scribed. .

11. An alloy for electrical conductors hav-
ing a preponderating proportion of copper,
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less than 1 per cent. of calcium and less than | whereby the tensile strength and conductiv-
1 per cent. of molybdenum, whereby the ten- | ity are increased ; substantially as described. 19

sile strength and conductivity are increased ; In testimony whereof 1 affix my signature,
substantially as described. in presence of two witnesses.

12. An alloy for electrical conductors hav- _ RUDOLF FRANKI.
ing a preponderating proportion of copper, Witnesses: _ *
substantially .35 per cent. of calclum and - RuborpH [FRICKE,
substantially .35 per cent. of molvbdenum, SouTHARD P. WARNER.
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