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-- Introduction --

This information has been cempiled in the study

of the problem of bronzes containing ne or little
»

¥

strategic metals. It represents infermatien collected

from various sources and to a small extent infcrmation

ob%ained in the Arsenal Laboratory.

S. &. Conner

Watertown Arsenal

May 11, 1933,
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1. Briei History and Reasons for Development --
Sources, etc. -- An alloy of copper, silicon and
manganese of the solid solution type was developed by
Mr. Charles B. Jacobs while at the du Pont Company.
It was patented May 26, 1925 and manufacture was
started by the du Ponts.
In 1927, the smerican Brass Company purchased 3
the patents and took over its manufacture.

During the war, the du Pont Chemical Company

was faced with the problem of finding a metal which
would show high strength and, at the same time,
withstand acid corrosion in order to make quick
repuirs of acid works which they had taken over at
that period.

At that time, tin was very expensive and difficult
to obtuin, and tin bronzes were cut of the question.
Silicon was being produced in commercial quantities
but was not being used for alloying or hardening
copnper.

The plain copper-silicon bronze had been known

for somc time but scems to be rather difficult to
handle and no one was successful with its fabrication.

Mr. Jacobs found that the addition of manganese to

he copper=-silicon alloy gave very favorable results
and the resulting material had high strength as well

as acid-resisting prOperties.12
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high=-stroength cngineering material with

It ic a

& strength cuual to medium carbon steel when hot

o
relied into shects and exceoding that of medium
carbon stecl when cold rolled or drawn into shects

and rods, It is noa-rusting, non-magnetic and

highly resistant to corrosive gases and saline fogs

encountered in industrial and scacoast communitics. 4
This mctal is produced by the American Brass
Company and can also be obtained in fabricated form

from lcading manufccturcrs.

Nearly all tin used in the United 3tates is
imported from foreign sources;over 707 of the ore
comcs from Malay,and the greater portion of the
reimainder from Aaustralia, China, Bolivia, Nigeria

—-

Dutch Zzast Indies, and the United States uses halfl

Of th\_; V\lor'ld_“: tot':l.l Output. P\*’etal N’J.(t; & PuNI-G- Report

This 2lloy ic non-magnctic,
Tin in 1930

United States Burcoau of Mines, Fart 1, January 15, 1932,
Fages 355 to 3Co

Inports in 1630 oxcoeded 350,000,000 in valuc

Domestic Iiine Production $10,500 in valuc

(15 long tons). Alaska furnished 13.1 tons of this.
(Alaska furnished 54,5 tons in 1929).

The remainder (1,9 toans) came from North Carolina and

boutn Dakota.

In 1930, 23,393 long tons of ccecondary Sn werc

d Klidsacny idasicact
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recovered, o decline of 245 fronm 1929.65This sccondary 4

Sit is 29y of the virgin Sn imported in 1930. Imports
of 30,7354 long tons (&7,127 in 1929) were morc than
the previous yeur cxcept 1929, but less in valuce than

cny year sincce 1922, This was imported 2s follows:-

Sritish izlaya 697%
United Kingdom 155
Nctherlands 9%

dong Kong _ 6% *

Total 99% <

Australia, lMetherland Zast Indies, Germany, China, ]

Conada, and Haitl furnished the remainder. “orld
production of Sn in 1930 (174,000 long tons)
duercased 99 from 1629,
PG, lictol

It might be well to maks mention of another
Pituented tinless bronze known as PJ.M.G. mctal, a
substitute for phosphor bronze, mangancsce bronze, and
gun metol which wag brought to the attention of the
“iar Diphrtment . by the POllGG. Tlotzl Trust Ltd. of
snglend.  This substitutce is an 88-10-2 nlloy-copper,
silicon, iron and -lco containg zine. It is covered
by rronkford Arsenasl report ol 12 in which it has

bouin,to some extent, compared with Evuru~;,1% copper,

silicon, vronze «lloy. Seo Section 10,
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2. Comyosition -~ General for Castings and

~rousht laterizl. -- Thic alloy is furnished in two
comgcsitions, one being that used for castings and
the other usea in wrougat form,
The comwosition of this alloy for castings is:
Cop,er 94.C%
Gilicon 4.57
l'anganese 1.5%
For use in wrou_ht forms the comrosition isg:
Cop,er 26,00y
5ilicon 3.005;
vanganese 1.00¢ 12 .

the American Brass Company on Lvegaur

C oper 82 to 96.557
Silicon 3 to 15 7
ranganese C.5 to 3% 15

S« Physical Characteristics of Various Forms., --
The wrought foris of tliese allovs are siieet, rods,
tubes, wire anc¢ forgings. “hen aunnealed soift, the
various forms of the aetal have a tensile strength --
52,000 to 56,000 1lbs. per syuare inch; yield point
about 15,000 1lbs, per square inch; elongation 607 to
907, in 2; reduction of area 080, or above.lz
Jruwing or rolling hardens the material and

increases ltensile str.ngth considerably and small

rods huve a
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Tensile strength 90,000 to 100,000 1bs,
Per sq.in,
tTield point 75,000 to 85,000 lbs.per
50.1n,
Zlonzation In hard condition abcut 15%
Reduction of Area Upwards ot 507 12

In syring wire, the tensile strength is 140,000
to 150,000 1bs. per square inch with a yield point
approacaing 100,000 1bs.

The modulas of elasticity is 15,000,000,

The density 8.46 and a cubic inch weighs 0.306

12

pounds,

Sopper-silicon-Manganese bronze and Copper

In order to understond the general properties of

tnese alloys, a comparison in tank siieet thickness is

i

made to those of copper, which metal is generally

KNnown.

Eroperty Copper Copper-oilicon-
Lianganese Sroncze
Coloar Coy..er red Distinctive bronze
Density 5000 . B.4C

Ten.otr,lbe,por
rj.in.annealeac 92,000 52,000

Ten.Ltir.lus.p.r
3.in.c0ld rolled 45,000 75,000

wliiie 2 inLper cent
-~ annauled 35,0 50.0

~lein 2 in.per cent
-- colad rolled 15.0 . 35.0

Corrciion resistance (food In general better
than copper




Coppoer-vilicon-

Froperty Lopper ianganece Dronze
-3 feat conductivity,
| Cal./CHs/52C/ 0.91 to 0,94 0.078
2‘ Deg. C
& Zlect.ccenduct.,per
& cent of 1.A.C.5.
k| 20 deg. C 97 to 101 6.5
X lelting Point
A deg. I 1981 1366
¥ )
1
i ilelting Point
: deg. C 1033 1019
lfachinability Difficult
drags with
tool Sxcellent
ieldubility Good in Excellent by
thickness any method
1/& or less.
Difficult in
! ' tank sheet
thickness,
2/16 in. or
- above
) Tiiese alloys are not subject to corrosion cracking
3
' or so-called “"s:uson cracking”. Tnis feature 1is
{ . . 4 . .
F extrenely important in connection witi non-terrcus
3 allors to be used under corrosive conditions in a
4
strainced state. Iany non-fcrrous metals usually
. clzosed as hish strength amaterials give satisfactory
b
crvice indoors or in the absence of corroding
d .
3 ngentu, but are likely to fail by corrosion cracking
E-‘ uider some of the exuacting demunds of outdeoor service.

This tipe of failure 15 more prevalent with alloys

? of i .1 zine content, and cxperience has siaown that

: . el NIRRT — _‘J




alloys with a copper content of 8077 or over are

practically immune to this tyne of failure. liis

alloy may be uved in bhe hard drawn or strained
conditionn, under scvere corrosive conditions, without
thae least danger of "sceason cracking”.12
Machining Jualities

The machining qualities of the wrought alloy
are comparable to those of steel as used for
automatic screw machine work. A refrigerant base oil
and hign speed tools are essential. k

Forging
This alloy flows readily under the hammer and

may be hot forged without difficulty.

The heut should be brought to a dull red
"?50°C“;working should be rapjid with Llows not too
heavy. At higher temperatures, it may become hot
snort and break under the hammer. » few trials on
the part of tihe operator with test pieces will soon
enable hinm to Zetermine the correct forging
temperdture.z

Ingots for Ceetings

Ingots for foundry use contain approximately

94.45) copper, 4.5, silicon and l.1% manganese. It

is supplied in small notched ingots weighing

woproximately 25 pounds each, case in iron molds.
‘e nse of aenxidizing argents or hardening alleys

is not necessary during the melting to produce good

-10-




castings.

The metal comes to the foundry man ready for
use and can be melted and cast with the regular
equijyment of brass and bronze foundries,

Due to the ease of handling in the foundry, and
the dense, close-grained castings produced, the
percentage of rejected castings on the foundry floor
and 1n tne machine shop 13 reduced to a minimum,.

It also casts well by the centrifugal process and in

bchilled molds. Under either of these methods greater

density and a closer grain structure are obtained
than when the metal is cast in green sand or baked
molds. The castings may be heat treated (annealed)
at 12000 = 1300°F (6509 - 700°C) to further toughen
the metal, improve its machining qualities and remove
casting strains from certain types of castings.
Annealing also iuncreases the resistance to pressure.

‘ihen bloveholes resulting from improperly vented
cores or mnolds, or scabs; oceur in castings they can
frequently be chiseled of bored out, and then filled
up by weldlng with a similar composition welding rod
or electrode. After macihiining the salvaged casting
will be as sound as if the defect had not occurred,
ana tihe welda will have the samc strength as the cast
metal;l

Melting and Fouring

“tien melted the metal is very fluid and

scarching, which makes it possible to run it into

-11-




small castings of thin sections, producing sharp and
well defined castings.
Helting

The metal should be mclted in a quieck fire and
not exposed to contact with the flame any more than
necessary. Keep well covered with a gasless flux,
sucit as ordinaty bottle glus. The use of charcoal as
a cover suould be avoided. Always have enough molds
prepared in advance to insure taking the metal from
the furnace as soon as the proper temperature is
reached. The metal should not be allowed to remain
in the fﬁrnace too long after reaching the pouring
temperature.

Ilelt with the least possible disturbance,

4void excessive stirring or puddling during the
melting, as this is not necessary and tends to disturb
the protecting cover and may cause gas pockets in the
castinge as a result of contamination of the metal
by furnuce gases, “Then stirring is nccessary, it is
better to use a graphite stirrer. Iron stirring rods
are liable to lutroduce iron and injure the metal for
certuin uscs,

Holding, Gating, louring

flolds tor heavy castings should be prepared
careiully, as any agitation of the metal by wet or
hard sand, improperly vented cores and molds or

pouriug the metal too ranidly, will cause a drossy

-12-
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and dirty condition.

The castlag ma; be wade in a similar manner to
higan-gsrade phosphor bronze or gun metal castings,
but careful attention should alwais be paid to the
seting. For some castings, a good method is to pour
tiarough a stiraincer gate that can be clhioked quickly.
"hen risers are on tile side of tihe casting, cut the
sprue leading from the strainer considerably larger

han tiae combined area of the holes in the strainer.
This will prevent the metal from squirting into the
riold, whicu would cefeat the desired object of
naving the wetal flow quietly.

“nere it is possible, pour from the bottom,
always rememnbering to reduce the pressure between
tine sirainer and the casting. Thece alloys require
w litele morce generous treatment as to risers than
red briss alloys, but expericnce will demonstrate
vhat an excessive number of risers is nect reguired.

wotie {oundry men prefer to use a by-pass and
runner in pouring taese alioys. The by-pass is
cluced in the drag of the meuld and cut decper than
Lo runner.  Thae runner amay be pnlaced cntirely in
‘¢ o at the parting of the flask, nalf in the
drag ana a:1f in the cope.

The by-ass checks tne velocity of the metal and

Lol cut doeen, acts as a strainer, insuring clean wmetal

ng

aiter g the runner, The sprues from the runner to
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tae nold propoer are cut eitier ot right angles or
sta_gered bucik., This acts oz o further checlt to the
velocit, of tie metal and assures its flowing into

ible disturbance. It

o

the wmold with tiie least pos
is desirable to nave the metal enter the meld as
gquietly ac manganeseé bronze.

"en tiie character of tho casting permits, it
is reguontl, advantageous to pcour under pressure in
order to aveid shrinkage and the resulting sorosity,
rather then to feed the sihrinkage oif the metal by
using neavy risers.

In waking patterns, allovw for same shrinkage as
for brass. Shrinkage 3/16 inclh jer foot.

Fouring Temperature

Thie metal should not be poured at a higaer
tem.crature than is necessary lor it to run satis-
factorily, oo castings pourcd at too high e temperature
are suujoct o porosity due to sarinkaze.  Thce metal
flows very ireely und no trouble is exp2: tznaced 1in
~unining, thin zections. leavy castings should bpe
poured ot lower temperature taen smoller or lighter

c~otinzs.  For the average run of castings the best
rerults heve teen obtained by pouring at teamperatures
of from 10209 to 2050°F (1071° to 1121°C). Soie
castings may require a pouriag tespcrature slightly
aheve 2100°F (1149°C) in oricr te bove the metal run

prouerly in the mold, Iour the metal as slowly as 1s

-14-
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i consistent witi the run of tne castings to be made,
3
Ej especially in the case of large castings. The slower
b

l the metti is poured, the less will be the possibility
-1

of scruf

[
-

In routine foundry practice it is necessary to

reiielt gates and ricers from previeus castings. The ;
scrap from this source, if entirely ifree frpm foreign
scrap, cun be added in the usual amounts to furnace

1

charges without detriment to the castings produced.

Copper=5ilicon-ilanganese Bronze Pipes and Tubes

They are supplied in the foram of seamless cold
drawn pipe and tubes in all sizes up to 6 inches in

dianeter and in lengths up to 20 feet depending on

diameter and gauge required.
b The tubes can be bent, flanged, flattened
tarcoded and otherwise worked into the usual forms
( rezuired.
f‘ Under ideatical conditions of test tne comparative
resictance oifered by these tubes to fatigue by
vibration was as follows:
Annealed -- 3507 more resistant than annealed brass

Amuzaled -- 258, more resistant than annealed copper

[av]

3 Anneczled -~ 2579 more resistant than annealed aluminum
= The following tables siow in general the range

of these alloys in various foriis: #
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Tensile
Strength, zlong.
lbs.per % in 2
_S./].' lf}_' R ———— -
turecn wand Castings 55,000- 22-28
£2,000
lot Forging 60,000~
65,000 45-65
Rolled Sheet 65,000~
92,000 8-38
annealed oheect
(.285 Ga.) 55,700 84
Drawn Yire
(.120 Dia.) 148,000 46
Drawn Tubing
(15/16 to 2 0.D.) 63,000/
87,000 27-67

Cold Drawn Rod
(1/4 dia.) 101,€00 67

Tests as llade on Test Bar Cast to
bize by Frankford Arsenal

e s e s e e m A fme s 8 e e mmmar =i -

Z17 " Brinell 7

BHN
—_

103-107

175

69

©2-170

189 15

Rockwell “E~

Type No. T.b. in 2 (500-10) Scale 1/16"
S Ball
AS cast 1 61,850 27.5 107 54,5
To size 2 62,350 28.5 107 57
Machiined 1 41,350 7.5 1i¢ 585.5

2 43,500 8.5 116 5415

3. Physical Properties. --

fielting Point 1,019 Deg. C (1867 Deg. F)
3

Density, grums per em”, 'rought 8.339 Cast £.15

16~




sheel 20Tt dot Rolled = Hard Rolled
(Tank “tock)
TS 50,000  $5,000-65,000 85,000
7P 20,000 27,500-32,500 65,000
2lein 2 in
per cent 50 30-40 in & 6
Hard Rod
Over 1 Over 13
Diameter Up tol to lz to 3
T.L. lbs. per sqg.in. 90,000 50,000 70,000
Y.F. 1bs. per sq.in. 65,000 60,000 50,000
Zl. in 2.,per cent 159 25 25
e e S -
i Hire Soft Harda Hargd Spring
T.5. 1lbes., »per sq,in. 50,000 90,000 120,000 145,000
E 7.F. lbs. smer sg.in. 20,000 60,000 80,000  95,0C0
' ‘ <l.in 10 inches per cent 50 4 2 1
- Hard Tube Cast Ingot
Outside diameter Up to 2 in. Size tested
3 dia.,in. 0.722
1 T.5.1bs.per sqg.in. 80,000 50,000
~w Y. lbs.per sg.in. 65,000 25,000
El +l.in 2 in.per cent 15 15
! — —— ———
|
fﬂ Hot Rolled Copper-Silicon-ilanganese
- Bronze Tank I'late T.5. = 55000-65000
s Y.P. = 27500-32500
b
- El.in 8 30-40%
{
; Cold drawn seainless shells
| (Copper-silicon~-manganese bronze) T.S. = 80000-85000
Y.P. = 65000-70000
b

209,
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Tank Construction

ot roliled tanx plates can be furnisned in
widths vp to 150 inches x 300 inches and in thicknesses
of from .032 to ) iach,

Cold drawn secamless shells or this metal, with
the ncad left in are available in diameters up to

2% inches and 80 inches in length.

Comparative Physical Data
Hot rolled alloy tank plates with the physical

properties for steel boiler plates as specified in

the . M.Z. Code and cold rolled anncaled copper plate.

Tensile Yield Zlongation
Tank Strength, Point, in
Flate lbs.per lbs.per 8 inches
PSP sq.in, 5q.ine.
Copper-oili- 55,000~ 27 ,500-
con-ilangancse 65,000 32,500 30-40%
bronze
oteel 55,000~ 27 4500~ 257 (min.)
BB, 000 32,500
Copper 30,000- 10,000~ ”
31,000 12,000 30=35%

Tensile Strength of 3/8-inch dia. Rod (Light Tempered)

Temperature Ultimate Zlong. Reduetien -
Degz. F lbs.per in 2 in. of
sq.in, Gauge Area
e Length J
7 -~
80 72,550 43,5 51.0
500 €0,200 53,0 67 ks .
750 35,930 25,5, 69 .¢ - cee = -
1,000 14,480 18.0 Tled o w ..

at Slev. Temperasures
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Thale alloy 1s non-magnetic
Teignt wrougnt,lbs.;er cubic inch ©.308
‘elgat cast lbs.per cubie inch 294
Thernal conductivity,B.T.U.per sq.ft.

per aour 1 ft,thickness,per 1 deg.F 19
Zlectrical resistivity olune por

cir nmil-foot at 20 degices T

(annealed) 155
Cozfficient of linear expansion

ner deg. C 0.0C00170
Coefficient of linear exXpansion per

deg. T 0,0000055

lodulas of clasticity

“Yield point is taken as the load
producing an extension under stress
of 0.75%

15,000,000

NOTE:~ The above values are not actual tests, but

the minimum values that may be

practice,

Comparative Fhysical Constants

Thermal Conductivity Per 1°F

Tenverature b.T
17

pirference L
Coppeir

Copper-oilicon-iianganese tronzc

gracs (65 copper~-35 zinc)

Iron (wrought)

Nickel

Steel

Lead

«]19~

expcected in

.U, 5q. Ft. Hr,
t. Taickness

220
19
70
34.9
34.4
26
20
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slectrical Conductivity

(Intcernational Annealed Copper Std. at 20 C)

Copper (Annealced)

Copper-Silicon~ilanganese Bronze

snnealed
Hard Drawn

Aluminum

Nickel

Iron

slectrical Resistivity

(Ohias per Cir.Mil-foot
at 20°C).

Copper (annealed) 10,37

Copper-silicon-
iangonese Bronze

(anncaled) 155
hard drawn 167
ilickel (Fure) 70
Constantan 296
iliicurome 660
Nicliel Lilver 120
Jtecl, Soft 30

Cocificient of Linear Zxpan.
(Pes 1°C at 25-100°C)

Copper 0.0000168

Copper--ilicon-
llanganese Bronze 0.0000170

Nickel 0.0000127
Lteel 0.0000121
Iron Vrought 0.0000116

N.B.Zxcept in the case of
the bronze and copper, the
above data are taken from
Engineering Hard Book.
Tables and the figures
sinould be regarded as
approximate.




orass Comuany

Testez of Coppror-_ilicon-ilangaincse Sronze at
Yatertown Arscnal Reccived from american

On two sanples, consisting of one 1.

diameter

and one 3. ciameter rod the following rosalts

«ed

. o

rod
were ootained.

[]
Origi- -1ze
nal Teat-
wize ed
Dia, Dina,

S I

. 305

Lrinell

Rockwell

“Tewn

L oiuce

5 38000 80500

35000 {79000

e
32000 163500
12000 39000

400.:0 156000

36000 151400

L e e e e

1000Kg. Load
100 Kg. Load

taxaen from ceo

Fro- Yielleen- EElongu

por- roint!sile in
tionall Lbs. !'Str- 2
Limit | per {ength i
Lbs,  sq.in!Lbs.

. I h

per l ; 2er

SuedBep o _oiSeernt oo

26000 76000 | £2500

-+

|

| 935001{17.5

be- = o ot I e

815001)19.5

REptehtd R

77500125.0
S

68000
64000 ==

B R &

Re-

duc-
tion

of

o ;
| - B T ek E Ry &

t.r
%0
200
at
edge.
Rock-
well
BG5S
at
cen-
ter
to
BOO
at

a2t -
c;n~J_:

edge |

Bri- jTest
nell |Fiece
and rlark
Rock-

well

iard-

ness
rbri~

nell {IZl-1
185 T 7
Qock-|£1-2

“.Transverse tests

nter of bar
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Report Mo. 14531 - Dec, 15, 1930

Charpy Tewts (Std.tonsile notcled impact
specinen)

e e e
f
+
1
1
.

] Caarpy
Llark Ft.Lbs.
- N - - - - ..~.—....14__‘ 1
“1-1 NN S .
1=z _28.5 Telhen from 1. dia. bar
=20 RS ORI
:1-4 ] gz, ]
B o950 ] &
X P4 . L
3 23-3 34.4
! =54 51 T
. AT Sleo L -Taken from 3.
) E dia. bar
¥
E
Cricmical CTonpositicn of Rods Tzsted
] B ok
Cazn. 1. Rods | 3. Lods _
4
cu 95.7% £.60
-— - e e .1’, - - - 4 - - -
51 5.0 5410
- s e e e e - Ao - 4 e e e e e e s e 4 —- - - ~ e -
iin OO0 .36
b N A A
‘ Te 5 .42

Tests Tlade by American Erass Company

Theso toests “rere made on sanples retained from
i t

- Lhe zhdpment ugade to Vatortovn Arscnal for tosting
Jurposce. ote difference in results obtained
whiecn mal” be due in mart to mcethod and dcetails of

. thie teust.

1l

o

O
as]




) \
Origi- Size Yisld | Tea- Re- Llong.] Bri- Rock-
nal Test~ | Foint | sile duc- in ncll well
Size ed 1us. Str- tion 2 Hard- | Hard-
Dlam. Diam. | cr cngth |of in. ness ness
f.ind 1bs. Area No, 100
.75 per 1000
Div. sq.in.| 7 % ig. ng.
— R T o m e - — .o SRR S R S— o
1 . 500 TS50 1 1047001 08,7 18 208 3101
S 1,095 4100 | 71700 154.1 44 185 394
——— = e emn Rt VSRR AL U S S,
14
Physical Touts of uO)HLr~~1llcon—”anbaneau Bronze
(Coppur %y, ilicon 3¢ ,Hangancsce 1%) approx.

Rods
Cola

o Lofl't

ﬂh@

i

Tutes ,Joft

Lheet,.ard

bol't

)}ebt Hard
L tard

darq

Druwn.LN”“"

4 .Z u_/l_d

Yicld

vilze Point
Incn Les,per

1/4 83,200
1/2 50,000
R

3/4 | 73,000
75,000
89 ;..8_0..0.._4

56,500
114,000 |
5.} 24,700 ]

C.D. 114,100 |
.188 | 75,000

strong-
th

¢ .in. !Lbs.per

" ————

55,200 |

) | 63200

| sg.in.

101200 |

96400

........

56100

. 876C0 ]
52900

.
Tcnsile:

- v e sy e e e e e

54200 |

Elong..TReduc— 1

princll
in |tion dard-
¢ 2 in. ! of | ness
A larca |} No.
. ? 1
l /o

bo67 © 189

che e e e e e

15.

T T
UQU_'?OO_ lo.u . 57.5 ¢ 133 o
L 92800 ? _&3 o

-

66,0 . 177

!
i

i

{

'O

[}

h
i

m
.O.

[N @]
o, 00,
Clo¢ o

36,0 | 55.0 | 16z
- - .4}..-..4—_ - e e —
42,0 | 56.0 @ 14

KS?)
2,0
.
(JK‘

.
.
'
1

4
\
H
1

')
[
.

C

e = rfT.r= e - ==
LES.0 4850 4 170
_67.0 . [ . 60.0 | 90 __

’ 54600

-")r OO
9150Q~

¢2.0 | _€€.0 59

20,700

_QQYQQ

50,0 OO

axXtra dard
~pring

wYleld Pornt taken o t!
3truss of
211 ilardn

L unooer
“"Rockw

—al e

Loy,
CeTO,5

E a3
o538 Bt

e loaa

scale,

4.3 33.0 XYoo

prodacing an cxtinsion

1/16 in.Ball 100 Kg.Load.,




v o)
o/ §HUIUT 7 UT UOTIRBUOTT &
o your T 4T UOTIRIUOTT v

G4 JO §32J13 JDpUR UOT3UIR XD uUR Futoupoad prol U S¥ UTRL JUTOod PIITA,

O~

B eot RERE g e ola‘sg 007 0C Z2L" [ 830Ul 358n
96 - 0°S§ o 0°.L8 00T 49 EREE cua |)
oL C*99 A NN OG0T 6¥ ,ﬂ 7R w 83914 10k
SS5UP 6n TI9UTg - 5°% UGG avL 00066 oot | Furada
-—— - 2 1 Ul aPl 00076 pat” Pty BIIXTY
g*a - 2 041 G2T uuo’es CEN PIBH
-—- - 9 QuUR‘H 0Q0“G9 8% " patH /1
L9 -—- LGV oc8‘ss 00082 L92° 130g ‘3.I1
of - o o’ TadT v 3 *ur °*bs
_ vy sayouT 9l daod 30§ xad*sql uoul sulog
*g°0°V°1l Jo Uy ‘qaduailg ‘qutod az1g { Pa1BOTIQEY
£11AT39MPUOY rotionpay uo13u3uo iy SLISUdL |  PIATA. | i

*xo1ddy (9L agounduek ‘¢ U0DTLTg .ﬁom a3ddop) azuodg 3S2UBIUBW-UODTTL 1=JDU00n TO 9188] [BIT1sLug




TTTITTIT T e o e e e

.oty

~ - e p—— . . —
_”
2
EEEETEXY — —_———— —-——— G | SRR _ 2eutos ! | 9ZU0IE 973URIUR]]
Q8L 4Yenoayy -ur T w I unac numm“ ~ICOT [ T7=dB3.7 109 0
t
~ | ,
-, - .. » — - .
§891330 (81 VUl 90" ue uoGton 1 woctoue [CEER 129317 100QJEN
ysuoIuy sut z/T “ m * Yl I65H usdG |
“ .m _ | ;
] ‘ ! - — 4
$ EELEXER ENE 90° G2 05003 T osutus [eU0T3do| 19331 uoquxey
] 03T JduoIyy *ut [ f Futasduag, . X0 12¥01T m
5 | 110 ¢ 1®ouuvy U3 Iesq uads m i
Y ! " ]
4 — n !
3 = 5 [ . 4 ~ & 3 T N € - - M
AN  393J49p bouro U 12 P 00029 1 Gouge Iodwag, {10 T9938 Toxetl ,  arm
& sl Ydoayy -~ur 1 ; ' IR [BIUUY IBas usd) : ug
) __ _ m
| mudiug | snaoyd o’ _ ‘Ut *h3 SuTc s J i
3 ~50Yd T ] ! sl m _
Y 30 I313WBIC Jsuul Jo *UT ¢ Ut _ FTWUTl 3G L ; JUIUT T IBT 39 Ll ; 338
4] U® 3n0Qqy¥ pusg E10) 38B1U30I9g .m;oﬁ: oTyserT ! 38 “ _ '
! WAWTXB "UTIL unii bocuni | : m
3 g3 LG Jog 1BTJI3LBI,
3 *ALTOE ILUOXE 930UBIURI[-UCOTITTY
rhu;&o» ULTHR UOTITIDT $76T ‘¥00E pusH JUTJIIaulduy [BOTURYDSI] 3,JIB]]
‘5TL 2xed ‘g7 Duw G rofl S99 TAEY TRIJINGLT 1105 PIrpusigy Jo wwostredwo)
.:.4
4

e e - - —— —— p— — e e e . - - —

LAY “» 3%,



e e s e e ———

[
094tz ogate cou'a vz e CLG* STLtT oectl 060 cl
81 oLl 08I EL AR grett 0PT L L6 Gy 143
09%°'T GeL T 09%v°T 98Tl I 460°1 216 S L ga¢ C
G211 uPC L AL L S16 ¢v3 oL 799 732 at
o¢8 986 9199°] S4Q 6924°) 614G G17 JAC PT
109 12w’ T02 38% 6% 94LG Toe 0StT 9T
36¢ 0L? I6¢ 34C L6S Lve 861 66 3T
622 242 62z 931 Zat oyt STt LS oz |~
3FALZI07 l.r
*youl duUITE ;
gduisI0y 2 et el [CTI936i1 DESR LR !
ZUIIY *Yon5.] <4 1rod 3704 T10L o ang m.ﬁ uz
33 9UBIUBL{ L& dy v T g pue 3T UVIY 21 ug _
~-u0aT {Ta~Taddon UdTn SSELN gawln | [IBIN uoxj IoUdI0Y( o’gR nn yourg i
N 1ydnoIr LoTTY J3J 1 590U
000%0 UL Y6 20Q 09 000 591 " 0uu*u9 000 08 QU LT 000 uz ] seeaauy | asieter
youl sJenha J2g taql ‘y3dusiy - 91 BWILLN o ! TBUTLY
i
53 [og pIBPUBY " 03831 P9l 1Y J0F $SPBOL 9FBT

e it ciiion

.

R N I -




Bronze Castiase - opec. 57-70D

For which Cop er-Lilicon-langa=-
2se bronze may be used to

obtuin similar physical properties

aii: without considering resistance
to wear and corrosion
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Copper-Silicon-llangancee Brorze Pipe -- Taple of welghte
Standard Pipe Sizes
Repular Lxtra dueavy
otd. Dia. Inchese Wall Ponnds Ter 2Jia. Tnclec iall Tounds Per
Pipe
Size | Outside | Incide Inches Tinear 't. Qutside | Incide Inches Tinear Ft.
1/8 405 .281 L0620 <245 .540 .294 L1823 .592
1/4 .540 .75 N85 .45 L
o/8 675 494 .0905 610 675 421 J127 | 8OO
1/2 . 840 685 1078 .908 . 840 .542 |  .149 1.1886
9/4 1 1.050 B2 .1140 1.201 [ 1.050 L7586 .157 1.618
1 | 1.015 1.062 L1265 1.704 1.015 .951 .18z 2.0979
13 | 1.660 1.068 .1460 £.550 1.660 1.272 .194 5.281
1% | 1.900 1,600 .1500 0028 1.990 1.494 LE00 2.974
2 2.075 | £.062 1565 4,005 2,075 1.900 czcl 5.491
2% 2.675 2.500 .1875 5.610 | 2.8Y5 2,015 - 280 __EB.uBZ
3 w500 0. 062 .2190 8.269 [ ..50N i,892 LoN4 11,..08
& | 4.000 | &.800 .£500 10.815 4.000 v.ub8 ! 15,620
4 4.500 4.000 . 2500 L. 857 4,500 0.618 U 041 | 16,061
2
(Copper 965, Silicen 35, jluganete 1,0 .prro..
-30-
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4. Corrosion Resistance. --

voprer-silicon-iianganesc Bronze

Tnis alloy offcrs good corrosion resistance to

sucir agente as:-

Lulphuric acid

Alum solutions
Alkaline sulpnates
Zinc sulpnate
Sopp:zr sulphates
Hydrobromic acid

dvdrochloric acid

Brine solution

o2a water

Sulphits solution

ory chlorine

Calciwa cirloricde

Cold up to 954. Hot up to 50%
in the absence of oxidizing
agents.

All strengths hot or cold.
Meutral or acid - hot or cold.
11 strengths hot or cold.

Neutral or acidified - cold.

Cold vy to 65 hot,
1L strengths - cold in tae
absunce of air - hot up to 2057
at 70°C ia the absence of steam
ana air.

411 strengtihis hot or cold
neutral or acidified with
hydrocloric acid.

- lot or cold.

- lot or cold as used in sulphite

pulp mills.

- COld.

- &1l strengths not or cold.

-32 -
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Zine chleric - 411 strengthis up to 709Be hot

or cold.

vdrofluoric acid - Uy to 187 cold.

Oxalic acid - Cold and in saturatazd solution
at 100°C

rhospioric acid - Uy to 50 Le Lot or cold (Not

reconmitended for crude acid at
boiling point)

Zorrosive industrial
and natural waters

Citric and Tartaric
acids - Hot or cold

Latie acid edible

or dark - ot or cold 12

Tais alloy is not recomnended for s.rvice in:-

Nitric ..cid
Ajua anonia
rerric Chloride - Hot
dydrogen Lulphides
Ferric Lulphate - ilot
Aniline Hydrochloride )
Crude Phosphoric Acid -~ At boiling point
dydrochloric ..cid - Mixed with excess
of stewm und air
fixtures of Charomic and "wlphuric acid
Mixturcs of Bichromates and wulphuric Acid

Sulpauric Jeid Test

-- 2 1/27 Lulphuric acid --

Tem,. crature Lengtih of Tust 2st.Penetration
Inches
ler Year
C Hours
25 37 0.01

-~ 107 Lulphuric Acid =-

60 SE 0.5

opecimens were linersed 1 1/< minutes and exposed to

the air 1 1/2 minutes this crele being repeated for
14

various lengthis of time.
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Conper-mangainlese~silicon allovs were prepared
containing from v.5 to 4,07 silicon with manganese
content approximately three times that of silicon.
These were draws into wire 0,183 inch in diameter and
corrosion tests in both hard and annealed (1/2 hour
at 750°C followed by air coolinz) conditions, were
carried out in solution of 1ui hvirochloric acid at
room temperature and 107 sulphuric acid at 60°C. The
specimens were ralsec uzna lowered so that immersion
period of 1 1/2 minutes was followed by 1 1/2 minutes f
in air; the process being repeated for 216 hours.
soth loss in welght and loss in tensile strength were
icacured. Addition of silicon up to 17 materially

increases the resistance to corrosion but further

additions confer little additional benefit, With two 3
silicon nard drawn wires are nore ccrroded than

annealed wires, but with smaller amounts of silicon

the difference is much less. “'iih hard drawn wires

the corrodibility becores jsreater as the silicon content

increases from 3 to 4 ver cent, but thig is not so for

Iy

/

annealed wires.

5. Wear and ratigue, llicrograph Properties. --

lear
“iith negard to wear resistance, laboratory and
scrvice tests have shown that these allevs exhibit

good resistunce to abrasion against steel -- Tor

instance a steel shaft in a copper-silicon-manganese

-34-
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bearing. This allowance shows food abrasion resistance
in contact with bronzes at low speeds and vith good
lasrication but 1s not recomaended for higher sreeds

1‘(2 . o~
against bronze.” Tt snouls not be used for 5ears.15

An outstanding feature of tiis alloy is its
resistance to fallure by fatisue.

The ftaval Aircraflt Factory at Piiiladelphia has
tested tabes of this composition to determine their
suitability for aircraft fuel lines in a vibration

A

machine decsi .d fer sach toests. Taese tests were

carried out witis fibre stresses ranging from 9,000 to

)

50,000 pounds per sguare inch. ne tubes showed

| . . . 12
’ averuge life scven times t.ot of copper tubes. ”

i In the soft annealed state the fatigue limit
rolleu or drawn at 200,000,000 cveles is 25,000

5" pounas per sagiare inch. That 1s, if the material is

1 not Ftressed more than 25,000 pounds j.er square inch,

F; 1t will witustand 200,000,000 or more revarsals before

' ‘ fracturing under this load. “hen finished hard the

i f fatigue limit agproaches 5C,C00 pounds pur square inch.

Eb1 The fati e limit of rolled or drawn Tobin Bronze and

?r Manganese Eronze in the annealed state is approximately

E 1&6,00C founds per square inch.?

- vee Section 3 under “Pipe and Tubes” for
coaparative resistance of tubes tu fatigue. :

.

~325-
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wome of the special manganese-silicon-copper
alloys which have good static properties are
disa;polnting in their endurance properties. The
silicide allovs that are given high tensile strength
by a precipitation-hardening heat treatment are prone
to hove a low endurance ratio so that their endurance
limits lie pretty much in the same range as those of

the crdinary brasses. On account of their high

copyser content, they may be good under corrosion-fatigue,

but data on this, as well as on notched endurance
tests and on cast alloys of this type, are lacking.
However, preliminary reports state that a copper
beryllium alloy of about 2 1/2 per cent Be, given a
precipitation nardening treatment, has the unusual
tensile strength of 192,000 1lbs. per sguare incn and
stands 16 million cycles wien stressed at nearly
100,000 pounds per square inch, waile in a comparable
test, phosphor bronze broke in less than half a
million cycles at 57,000 pounds per square inch., It
is alzo claimed that such an alloy stood 20 million
cycles without Tailure at a ctrese at which a phosphor
bronze spring alloy failed in .4 million cveles. Also

ini compgarison with a standard cpring steel which failed

Y
z certain stress in two @million cycles, the Cu-Be
alloy had not lailed at three million.

Indications are that the Cu-Be allory may not be

cencitive to the notch effect, since that in the case

v . WAL ws

B N ]




of the spring-plate material rcepeatec bend tests have

indicatea tnat any deleterious c¢ffect of the surface on

“as relled plates, is small. It would seem probable
that the Cu-Le alloys will be found capable of being
given the nighest endurance limits of any known copper-

base alloy. Tiaeir aigh copper content should give them

good corrosion-fatigue properties, tinough this, of

. g . s e , 25
course, needs experimental verification.
6. elding Cnaracteristics. -- These alloys

PO

&
w
n

532c8 jood welding cunaracteristics and are readily
welded by the oxy-acetylene metal or carbon arc and
resistance methods. By using the alloy as a filler

rod for oxy~accetylene or carbon arc welding and for

&

¢lectrodes for metal erc welding, all the types of

5

welded jolnts usually made in stcel can be made in
these alloys with the saine favofuble comparison
boetween tac strength of the weld and trat of the parent
metal,

b

fhe sheet metal is alsgo wdaptable for continuous

—

scam woelding or cpot welding on automatic welding ma-
chiines.  GShects from 010 thick to .125 taick can be

gean welded at approximately the same specds as those

v

obtained waien welding steel sheets of the sanme

«

thic.ceos.

The alloy welding rods show good pinctration when

4

uscd on steel and for this rcason it 1s possible to weld

AR A A codiab e AR A anthaianteas ALACEMARAE R0 S O A et
. e ——— e —
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alloy inserts in steel plates (used for the construc-

tion of elgctrica14 cquipment), to break the magnetic
circuit and to sccure oil tight joints between the
steel plate and the alloy inscrt. '7ith thacse welding
rods no flux is reguirced in tack welding thin sncets
of steel znd no difficultics arc encountercd in
applying standard painted and cenamncled finishes over
the welded surfaccs. 4
Telding Procedurs
Freparation of Plates and Lhests
Platces for butt welding 1/4 or thicker should be

beveled. Flates thinner than this do not rcquire a
bevel., If plates or shects are not beveled the space
loft for welding should be at least cgual to the
thickncss of the plate or shuct. Using boveled plates
a space 1/16 butwoen the plates give the bust rosults.
Cleaning of Flutys and Shcets

. I'lates and shoects of the hot rollced alloy saould
be sand blasted or pickled in 5 to 109 sulphuric acid
st about 140°F to remove the black oxide (CuO), which
huas bocen found to give trouble in welding. The
pickling cun be done nt the mill if it is known that
the matoricl is to be woeldoed.

“hen plates are beveled, pickling or sand blasting

is ot nucussary, although it is advisable to
remove tuc black oxide adjacent to the top of the
buvel with caery paper, 2 portable grinding waccel, or

o filc,
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In the case of cornebk welds, when the sheets have
not been previoucly cleaned, ithe black oxide can be
removeu in the same manner.%

In oxy-acetylene or are welding, the welding rod
or electrode should be made of copper-silicon-manganese
of percentages identical with material to be welded,
drawn to a sufficient degree of hardness to insure
uniformity of grain structure, freedom from seams and a
bright clean finish.

Fluxes

A flux should be used to obtain the best results
in welding these alloys. Ordinary fused borax works
satisfactorily, but the best welds? have been obtained
by using a flux cdmposed of 90% fused borax and 10%
sodium fluoride.. The flux is applied by first
dampening the work with water and then sprinkling on a
very thin coating of flux.

Backing Bars

AS a greater amount of parent metal is molten at
the point of welding in the case of these alloys than
in the welding of steel, a backing bar is usually
needed to prevent the bottom of the weld from falling
out.. Copper is generally employed for this purpose,

but cast iron or a large section of steel may also

be used.4




XL

3

s

LY

pAN. S Sy

1

JRSOY

o

Oxy-icetylene velding

If what has been said above is kept in mind, the
welding of these alloys by the oxy-acetylene method
rejuires no more skill thar welding any non-ferrous
metal.

The flame should be slightly oxidizing for the
reason that recducing flames are likely to cause absorp-
tion of carbon monoxide by the molten metal and produce
porous welds.

A flame about five inches long with a very short
white tip gives uniformly good results. The length
of the flame, however, must be governed to some extent
by the thickness of the plates or shecets and the
character of the weld,

Arc Telding
In arc welding both the wmetal and carbon arcs may

be emploved for Jjoining the alloy to alloy or the alloy

Metal Arc ZSlectrodes

£n electrode of the same composition as the plates
or sineets yives the best results, i.e., (copper-silicon-
manganese welding rod). Zlectrodes 1/8 in diemater
are usually employed for welding sheets and plates up
to 1/4 inch thick; 5/32 rods for 1/4 up to 1/2 thick;
3/16 rods for plates 1/2 or thicker.

Ixperience has shown that the beszt results are

obtained when the following aiperage is used. 4

-42-
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90 to 100 amperes for 1/8 electrode

100 to 120 amperes for 5/32 clectrode
130 to 160 amperes for 3/16 electrode i
Polarity

In metal arc welding the polarity should bve
reversed, winich is tne practice followed with most
non-ferrous metals.

In welding these alloys a longer arc is mairtzined
than in welding steel. The metal should not be
allowed to drop from the electrode but should cross the
arc in an almost continuous stream. The welder should
not pass his electrode over too long a path, but
should concentrate on as small un area as possible.

In starting the weld the electrode will heat up
muc:a faster than the work, due to the reversed
polarity, so that some metal will be deposited before
the parent metal is sufficiently heated to obtain good
fusion., If the starting point is preheated to a
red heat with a small torch and the welding operation
started while the parent metal is still hot, 1009
fusion can be obtained.4

In welding an alioy, insert into a steel plate,
The precaution to preheat the starting point to a red
heat should be taken. The weld should be started at
the pre-heated woint, continued in one direction and
finished over the starting point. If that starting

point is not pre-heated, a small shrink crack will 4
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invariably appear after cooling at that point in the
weld.,

ohould it become necessary to siop the welding
operation 1in order to change electrodes, there will be
poor fusion if the weld is resumed at the point where
the stop was made. To overcome this condition, it is
advisable to resume welding about 1/2 inch back of the
crater, so that by the time the crater is again reached
the metal at that point will be heated sufficiently
to permit the deposited metal to penetrate the parent
metal,

/hen tack welds are necessary the points to be
tacked should be pre—heated4 as mentioned aboves If
semi-automatic welders are available, better results
will be obtained, as the welding operation will not
have to be interrupted in order tc change electrodes.

Carbon Arc ‘ielding

satisfactory welds can also be made with the
carbon arc. The suggestions given above regarding
metal arc welding with respect tc¢ preparation of the
work, fluxes, etc. also apply to carbon arc welding.
With this method, rods of the proper diameter are used
to fill the gap in the work to be welded. It is
advisable te¢ maintain as short an arc as possible. The
welder after a few trials, will be able to determine
the proper rate of melting to obtain a good bond

between the parent metal and the filler rod, In many4
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cases the filler rod can be laid over the gap between
the parts to be welded and held in place by clamps,
jigs, or other similar methods. In other cases, due

to the character of the work, it is necessary to apply4
the filler rod in the same manner as employed in oxy-
acetylene welding.

The welds, properly made, will show approximately
from 80 to 907 of the strength of the parent metal.

Approximate tensile strength of the copper~silicon-
manganese welding rods is 65,000 pounds per square inch
(annealed rods).4

The welds, machined flush,have a tensile stirength
of about 85% of that of the parent metal.

“Iith the reinforcement bead left on, the welds
will equal or slightly exceed the parent metal in
strength. Resistance welds on thin sheets cool so
rapidly that there is practically no difference in the
strength of the seam and of the sheet.7

A reinforcement of the order of 1/32 inch, 1/16
inch, and 3/32 inch for the 1/4, 3/8-inch and 1/2-inch
sheets in the order named is all that is required to
develop the full strength of the base metal. These
allovs should be welded as rapidly as pocsible.

The reason for this is that it is desirable to
keep the shrinkage stresses in the red hot metal as
low as possible, and, of course the besit way to avoid

them is to cut the heat flow into the bame metal as

-45.
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short as is consistant with good union.

Moreover, the most homogeneous solution the metal
can nave is that of its liquid state. Hence the quicker
the metal is solidified, the more uniform will be the
cold metal and the finer its structure. LSxample:=- A.
l2-inch seam in 1/2-inch plate about 8 minutes.

Annealing of the weld confers no benefit on the
connection unless the weld metal first be cold worked..

The cold work exerts a marked benefit to the weld

reflected in the yield point and the tensile strength..

Cold working of the weld metal by severely hammering

reducing larger welds by 1/16 inch followed by an
anneal .of approximately 650 degrees C (1200°F) dull
red, is;roves weld in both tensile strength and
ductility.16

The weld metal should be placed in beads approxi-
mately 1/4 inch thick, wire brished and each bead
thoroughly peened with air hammer..

The annealing should be done by an oxy-acetylene
torch and where seams run out to an edge, the
annealing should always start from an inside point
and finish at the edge.,. If started at the edge a crack
may result due to tension at the edge when the torch

is moved inwards.16

Erazing j
This metal may be brazed and soldered in the same

manner and with the same equipment used for copper and
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bronze. Borax or fluxes used for welding serve for
orazing.
Zinc cinloride and hydrochloric acid make an

excellent soldering flux.

Strength and ngﬁht Data ~~ Telding Rods
i LADPDTex.
Dia. 1/16 [3/32 |1/8 |5/%2 |3/16 /s /16 13/ Ir.s.Lbs.
per sq.
- inech
| ﬁmgg@led
Weight Per Foot ' '65, 000
e .01127}.02530] . 04511} .070W1] .1012Y .1800{ .28127 .Loug
 j Feet Per Pound |
ok H 8l .
88.73 | 39.53/22.17 [14.20 |9.881 |5.555 3.555}2.&*45

Zelded Tanks (Copper-3ilicon-langanese)
Using the carbon arc, welded joints like those
shown in Figures 1, 2 and 3 gave the following results

A’ when tested for strength,

Tyvpe of Tensile Strength, Thickness of
_29?23_.,-"-4__w,“9?i:§?r SqLIn. Metal
‘ _Po. 1 _580,200 _ 0,131
1 _Ne. 1 57,400 0.070
. _Moe2 ) 49,300 1 ooer
No. 2 42,300 0.129
o. 3 57,000 0.129

(Copper 963, OLilicon 3%, llanganese 1%) Approx.
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500-Gallon Tank (Copper 967%, Silicon 37,Manganese 17)

Approx.
The tank is eighty-four inches overall by forty-two

inches in diameter, Both shell and heads are of three-
eighths metal, The heads were dished and flanged. The
heating unit is in the tank.

The snell was formed from a single plate in the
same manner as if the material was steel., The
longitudinal seam was of a single vee type.

The welding was done with a three-hundred-ampere
capacity arc welder, using reversed polarity and five-
thirty-seconds inch alloy welding rod of the same
composition. The vee groove on the outside of the shell
was filled with a single bead, the welder moving his
arc in an elliptical path. This is necessary because
this material flows more freely than steel and if the
arc werce plaved on the top of the molten metal,the
metal would flow rapidly in front of the arc. To
prevent this, the welder built up a portion of the
bead, thnen dropped the arc into the unwelded groove and
brought it back again over the top of the metal Jjust
deposited, A water-filled copper tube was used as a
backing plate,

“/hen the vee was filled, another bead was run on
the inside of thoe seam, The outside bead was peened
with an air hammer, The peening reduced the height of

the bcad and densified and strengthened the weld metal,
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The heads were pushed inside the shell and
fastened with lap welds. Beads were run around the
girth seaims both inside and outside. A port for the
heating unit was welded to one head by a single pass.

This tank was tested to three hundred pounds
hydro~static pressure for a working pressure of one
hundred twenty-seven pounds.

The foregoing procedure has bveen found to produce
successful results with tanks of that capacity. Where
thicker metal is used, the seams are usually built up
in a series of courses, each approximately one-quarter
of an inch thicks Zach course is peened separately
and the final course annealed with an oxy-acetylene
torch. The preceeding courses are annealed by the
heat of the bead laid over them. For oxy-acetylene
and carbon arc welding, the procedure, of course,
differs in certain essentials.

Tank Testing }Methods

Among the rigid tests to which this metal has
been subjected 1is a "breather” test which consists
of a pulsating pressure in the tank from O to 150
pounds, thirteen times a minute. TFive hundred hours
of this test is considered the equivalent of 20 years!
normal service. |

A more severe test to which this metal has been
subjected involved the application of pressure by means

of a piston arrangement which variated the pressure

«49-
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from O to 300 pounds, fifty-three times per minute.
shell tanks 12 inches in diameter, 48 inches overall

. and mace from .056 gauge metal were held on this

test for 700 hours then tested to 700 pounds hydro-

static pressure without showing any signs of failure

. . 17
or cnange in shape.

Mkt bz )

il
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7. Ceneral Uses and Tossikle Ordrance Awplica-

licrse -~ The wrcught forrms of these alloys are sheet,
1ods, 1utes, —ire ard forgings.
It is Ceing veed in the £:1llowings
Fivese
Tire fittings.
Tury casings and valves,
Ventiluting fans.

Ducts and eliminators for storage tatteries and
sleling Yoomse

Castings 7 c1 {loor ¢drains for caryryving off corrosive
licuidse '

Acid sluvdge livec ir 0il 1efireries,
Fittings and st1ills in scan factories.
Fitre plant esuinrentea

Gates ard screer [raoieg ior water supvly Tescrvoirs
and for sewire vlarntsa

Txansior plate for Eridye worke.
fotor Loat shaftiing.

2ilce Turs.

Tarine castings.

Fot watey storace tanks,

Voultse.

31wnding Ironc.

709d screvs, nails and rivetse
nfur wircs and catles.

“olts, nuts and waishers for mole line hardwarle and
tus Yar clamre.

Lining tarks.

e by s
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Flaching.

Skylight Pracs.

Fuel containers.

Iadder or stene in ranholes,

Shovels for handling ex-losives or corrosive materials.

Goe fired unit fluese.

Crdnance Uscs

Corrrescsor tanks (of used for 16~inch Howe & Barbettec).
Ticing for akove tanks,

Cil tvkes for lukricating.

Tiving for convecting 4" and "B"™ units of speed gears.
Riveds and tolieg, “Fer all typce of ordrance rmatericl®,
Srrivgse

Surmporte for Latterics.

Instrunmcnts {(Fire control).

Becarirvgs. (where used fcr slcw sreeds or unimrortant

conditions - otherwise bushed).

(T3¢ ¢ 110y .hould not be used for gears)

8. Car be advantageously Bubstituted for Certain

~1

for the Cidnance Tin Bronzcs as covered ty Specalo.
57-70D fcr castings and also foxr naval brass 1o0ds,
tars, charcs, nlates, shects and sirips as called

for Ty 8vcce Fco 57=161 and SwcCe NO. 57-162.
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9. Foreign Rescarch (Britich). -- Silieon is

wecll knowrn as a dcoxident for conductivity covper,

tut thie airm ic gencxally to add only just sufficicnt
silicon (at curro-cilicon) for the complcte removal

of t1hc oxygcn, lcaving no rcesidual cilicon in the
rctal, cn acccunt of ite cffcet unwon thce conductivitye.
The prcecnce cof gilieon, howecvcr, improvcg thc mceh-
anical nrcncxtice of copner, but until rccently therc
scers 1o have been 1ittle attempt on any large ccalc
to decvclon the ucsce of conwer, ©r covpcr alloys, con-
taining apmxcciablﬁ guantitiecs cf silicomn.

In the folloving scheme of r¢search, the
nyonertice of the gilicocwm-conper alloys have bcen cx-
arincd in the form of wire up to l. pcr cent silicon,
in thc cast conditizn up tc 645 pcxr cent silicomy and
in the Torr of shecet up tc 5 pcy cent silicony sili-
cc%-mangancsc copncy alleye have tcen made containing
vo t2 5. wer ccrnt silicon and 5. mer cert mangancee,
and their propcrtics Inveotigatcd in the cast 5nd
rolicd conditionse Corrxosion and ocxidati-n tccete
hove been carricd out =n ecilicon-con €r and silicon-

TAngGancsc=-asnper shecte




rcchanical Yropertics of Cast Silicon-Coppex

Matcrial Silicon Compex

: :Si

v 27 opfoe o8 lsa o>

cent in 2." 7

Compogition 8i 3.0 Pcxr cent = 2D to % QEQ%
o ChillsChills Chlll'C%ill.Cﬁ%llgC
Conditinon Cast 2Cast 2Cast :Cast 3Cacet :Cast :Cast
*5/8n 1., sand :5/8% :1." :and :5/8"
*tare :box ianneattars :bars sannc-ibars
. : tled @ H saled
Limit of : : : 3 : : T
Proportionality ¢ - : 2.62: 2.93: - 21,79 3 =~ § -
: ¢ : : : :
Yicld Pzint 4 & 7.95: 6.88: 5. 55 12 56311.55: - 213.15
Ultimatc tensile: $ H : s 3 i
strength :16.90:14.87:14.65r19.60.18.14.16.33:14.55
Elongatizm pexr ¢ $ : : B H :

Reducticn of

‘e s
¢ H H : $

1 294 00:23.50;36.5 $12.25:11,00:15.50: 0.0C
52.30:40.90:46.9 224.6 :14.70:17.50; 1.20

Brinell hordnes

area pcer cent H
5: -  181l. 166, 1 = 31100

95

Z = Tons pcr sq. inch.

The T'xonerties of Cagt Silicon=-Copper A110yS

R-und bars were cast vertically in chill moulds, and
g-cd tengsile test recults were sbtained without diffi-
cultye The silicon conient ranged from 3.8 t2 €.5
wer ccntea The castings were machined for tensile
strength test, and in cvcry casc the machining quali-
tice were cxcellente Ccrtain »f the tcst pleccs wcre
anrcalcd £o1r 1-1/2 hours at 750 degrces C. to 800
degrecs C t2 degtrzy the cored structurce. The results
arc =28 shown in prceccding tables The 4.5pcxr cent silk-
icon 2112y ic very similar in proncrtics t» Admiralty
gun metals Three pecr cent of cilicsn givev a ductile

mcinl with consideraklc tenvile strcugthe

-54-




T

BTN SO AEDIAT-b AT Bhditd

1L ot

“Tith 4.8 nexr cent “f silicocn the tensile strength, and
especinlly the yicld pnint, nre raised, while the duc-
tility, thovgh rmuch rcduced, ic ctill fairly gcod;

6.5 ver ccnt cilicom complctely destrycys all ductility
ond diminighes the vltimatce strcngthe This embrittle-
ment ic cvidently duc t~ the nrecencc ~-f the ¥y con-
gtitucnt. The truc clastic 1limit is very 1-we. Anncal-
ihg haos but 1ittle effecty under ite influence slight
strength is sacxificed:t? a small increasc of elas-
ticity =rd ductility. The 5/8" diameter bars yicld
£lightly bettcr figures than the 1 inchs this is p1cb-
ably cmnected with the greater rapidity of the chille.
In the 12ablc will alss be found figures fo1 the
311nel1l haxdness >f the tars, sbtaincd by thc use f

2 1 mme 21l undcy o 1ond of 10 koe They range from
66 t> 1C0 Brincll.

A 5/8 inch bar c ntnining 3 per cent of silicon
crst s £or temgile tcegte wns bent thrsugh an angle of
18C dcgices in the ccld with-ut showing the lcast
cigr -f crncking. A el £1at ing-ot 1/4 inch in
thickrege ond containing 3 vey cent of wiliczn woo
wrepareds ~ne end f which wae cubjected in the c¢»ld
to repented sledgec=hammer %1lowg until marked crack-
ing ~ccurred. The thickncgs hnd been reduced from
Ce25 ine to C.12 in., or 50 pcr ccent »n thc o21iginals
the -ther end w~e then hcated to full rcdnecs, 2and,
in thi~nt condition, it 1eceived the sme treatment.

The mallec~kility w~o v???'much greater, the thickncee

o




The mallecbility wag very much pgreater, the thickness
havine been reduced 1o 0.€4 in., or by 80 per cent,
ard the tcrmcrature of the metal having fallen below
red-hcat before cracking commenced.

The Mcchanical nnd Electrical T'ropcrties of Silicon
Cononcy Wirc contniring un» to I nexr ccnt of Silicon.-

A scxics of 21leys waos prenarcd covering a range
from 0.0 ncr ccnt to 1.€ per ccnt silicon, and wEre
101lled 2nd dravm into wire. 8ix 3lloys wexe preparcd,
the " pircentages of £ilicon ndded being 0.1, 0.2, €3,
6.5, 0.7 2nd 1.0 pexr cent, respectively. Duplicate
cylirder bnre were cast vertically in split chill
moulds 14 inches long by 1 inch in diameter, with fun-
ncl heads. The pouring temperaturc was about 1190
degrces Cey 0 8 to 10 pexr cent supcrheat. Bcfore pas-
sing to the mills the outcx skin wns removed in the
1~the. 411 the 2lloys turned well, but there was a
distinct imorovement in the machining quolities as the
cilicon content increascde.

The fixsi stoge in bycaking down the baxs con-
zisted iv 101ling them ccld from 1 inch diameter 1o
rrorc -1 lest squarce rod with rounded corners and about
1/4 inch ~crocc. This was nexformed in nine passes
with nerfect case, 2nd without ary intcrmediate anncal-
irg, the rcduction in area beirg about 89 pcrx ccnt on

the originale The a2l20ys, €ven with the highcot cili-
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con contcrt, nxe thecrefore nexrfcctly malleable. This

ratcrinl ~Alrcdy ~t over 89 pex cenmt cold work, wos
vweted through cight cteel dies and finished to .05
inch dinmetcr through ~ dinmond die in the cold
without any ~rnenlirg whatcocver - 2 total rcduction
of 99.8 per cent on the originnl turncd castingse.
Suksequert experiment showed thnt the wire could be
taken to much finer gouges without fenxr of breakage.
Specimens of the hard rod and wirc and alss of
the 211 ~fter anrealing for 1/2 hour at 750 decgrees Co,
were sukmitted to tensile testse The 1esults for
ultimte strength are plstted with reference to composi-
‘tion 2nd ¢251d work in which the mean of the results for
the duvlicnte cnstings hags been takene The contours
dewonctratc in » mirked manuner that heavy drawing has
frx more cffeet with much than 1ittle silicome, i.€ey
cr the 1cft -~f the diagrom the contours nxc‘czcided
tcegether, whilc 2r the rizhit they are much scparated
“nd ntd4nin higher v~lues of tencile stréngth. Pexcent-
4 C elongrticng, determined over o gruge length of
2 inches shioied comparatively little variati-on with
vilicor contenty for the hard-rolled rod they were
nbout 9 pexr cent t2 10 pey cent, while f2r the same
mrtcrinl after anncaling they 1ange fyom 42 PEY cent
10 49 ner cent. All the wires ot thcix finnl stoge

of recduction prosed the test »f wiapning three times
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n ~nd “If thcir wn diwmeters. In many caseg, five
vines were rcenrdede

The elccirical resistonce of the wires at their
final tnge »f rcduction were determincd bty the tridge
ricth~de. The rcsults ~ktained -n specimense onec-hundredth
of - nilc iv length werc c-rxrected for variations of
gmuge ond terperature, Resistznces 28 high as 121 ohms
ey mile werc yecorded, as compnycd with o standnrd f
21.73 chms per mwlle for high-conductivity c ppexy and
432 ~ame per rile o1 tclenhi>ne bronze Dflsimilax
£rufFce. Even o076 pey cent cilicon (with .040 pcx cent
iron) Zncxeascs the yYesistance by 56 pcer cent.

Tiice iron econtent of these 2117ys was rather high,
¢siccinlly ir the cnge »f that containiag 181 per cent
of .i¥ic:on (.188 pcr cent of ixon). In thce harxd
v2rked conditisn, the ircn c-ntent appeaxs to have
liitle effeet upon the mcchanical propexties, but in
the ~nne~led ctatc it increases the ultimate strength
~t whe cxpense of ductility. Its pcrnicious influcnce
unon the clectrieal conductivity i1s markede It is pos-
8ililc 17 ocvnly 2 12ugh mathemntical corycetion f£or
1. °n content on the ngsumotion that issinfluence ic
ny - rortisnal t2 the amount vwrcscnt.e Curves 8o cirrect-
€d nrc¢ distirctly smosther thawm those of the »observed

drtre
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11 fuctitn nnd Tronertice nf Silicon-Conper Sicet

Stris

in2°te 12 Inchee by 2 inchcsg, cncl

28 1.t ., werc cnet £721 ¥ 11king into shect,

wcighing

The ing~ts

werd o7 two oevmzeitictng, nominally 3 per eent ond S

ey cinty ilicm, durliznotes f 1hesc making four in

=13, Tie c¢cneling tckhnique w

~lrcndy decseribed fr

2 NS

»s muca the some

the 1-7urd bnrce.

¢cneh cmmntgitinong v 19211cd hnt, the

¢ iti
7EC O proc
S wer cent

vhile the

I3
-

rilicon

g T.C¥e o gucce

28 thot

One ingdt for

sther cold. Both

cufully 121led hot o1 about

Jeyg full r1ed hcnt.

In the ¢old, the
11Xy cracked at the first nags,

4 per cent silicn 1-1Xcd excellently with

thie £2112wirg recductiors; ~rrenling being carricd out

teticcr stapene~

let wmpe C.64 inch 10 0,250 inch, 21 61 per cent
°rd n"us «25 inch t~ 0.125 inch, >r 50 pcr cent
&1 )26 04125 inch to 0465C inch, °r 48 ocx cent
41r g 006D dineh to 0,003 inclhyy 1 49 pecy cent

o2l ingot containing ~bout 6 per cent gilicon
¢ ui’ vt e r1led het nor ¢H1d, but flew tc pieces
prnuacy rrcgenre o1 the 1ollg,

At lcnet four nd, in gome cnscs, S5iXx, sSpeccimens
J-1/7 incheg by 1-1/2 irches vcrc cut frem each nicec
“f <hiwwety, B2th n xnllcl ~and ncrpendiculaxy t: the dir-
ceti v ~f 191live, cnrce being taken t2 ~void ungscund

ot iee  Folf the nurkerxr ir cich scet verc packed
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in n-wdcrcd chnrczal and nncaled £21 1/2 h~ur at 75C

degrcece €. A1l wecre then shaned into tensile tcst
vicere.  The subgequent tengile tests indicatc that
coppri-oilizcon shect posnsceses very specicd) mechaniecal
pY oney tiis, Tno 4,58 yver cent gilicon 2112y is con-
sidecr 2t ly oirrgcry but hoe Icse ductile than the cor-
1egnrding hot-x21led 2117y ctnizirning 2.51 per cent
cilicene The directisnal propexrties are retained to
~omarlied digrece, even ofter annmcaling. Tensile
streig o ur t2 50 1ons wer squnyc inch were xecorded
for ihc hard-rolled metal and, in onc case, the €longa-
tion ~f*c» ~nncnling exXceeded 8C per ccnt on 4 Varea,
vwitnh » tensile strength 2f 23 tons per square inche.
The yicld r-ints werc very indefinite, amd 1ittle re~
liance c:uld e placed unon the figurcs obtained. The
Brincll Iinrdness numbers £or the shect, as determined
ty -~ 1 mm. k211 undey 10 kg. 1o2d, ranged from 78 to
175

v i tition of the thinncst gheet containing 3 perx
cecnt milic rn (anrcaled) wag tcsted by svinning. The
A térpt wne mde to srin 3 irvddinmeter disce into cyl-
irv..v1e2l cvrns 1 ineh in dismeters Owing to the un-
zoun'nesg 1 the metal this proved a failure. The
r~ntericl wne saicd to be, if anything, morc easy t: spin
th2n brass, given, >f ciurse, ssund met2les The cylin-

¢ex csuld have been produced with tvwo intermediate
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anneals at full red-heat, and possibly with one, which
compares favorably with the practice for brass.

Though no sign of true season-cracking occurred,
even in the armoniacal atmosphere of the laboratory the
spun cups responded to the mercurous-nitrate test for
internal stress, By immersion in a solution containing
1 grm. of mercurous nitrate and 1 c.c. of strong nitric
acid per 100 cc, of water, cracks appeared in from 3
minutes to & minutes. Several cups were given a low-
temperature anneal at 270°C to 300°C for 1 hour, which
is generally regarded as being sufficient to remove all
tendency to season c¢racking from brass. In cups so
treated, the cracks appeared after about the same period
of immersion as before, but were more numerous, and the
advent of each was heralded by a sharp report., However,
a cup annealed for 1/2 hour at $00°C gave no indication
of season-cracking. Probably a less drastic treatment
than this would suffice to remove internal stress.

Silicon-Manganese-Copper Alloys

-

Tith the exception of several pamphlets emanating
from American manufacturers, no published work bearing
directly upon the silicon-manganese-copper alloys was
found. As the result of preliminary tests upon small
gamples, 1t apneared that the most useful alloys, com-
bining good strength and hardness with reasonable mall-
eability, probably lie vithin the somevhnt narrow range

betreen 2% and 5% silicon and 0% and 57 manganese.
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Alloys outside these limits are either too soft to
possess any special advantages or too brittle to be of
use for structural or engilneering purposes. The com-
positions selected for study varied from each other by
steps of 1.5% in both silicon and manganese content.
They were: 1% manganese with 2%, 3.5%, and £% silicon,
2.5% manganese with 2%, and 3.5% silicon.
4% manganese with 2% silicon.
The precautions taken during casting were the same as
those for the plain silicon-copper alloys. All con-
tamination by iron was rigorously avolded; stirrers
were of charred wood, and skimmers of gas-retort carbon.
The iron moulds, warmed, were dressed wlth a thin coat
of graphite-grease paste, and the best pouring temper-
ature was found to be the lowest possible. Under these
conditions, two strip ingots (12 in. by 4 in. by 1/2 in)
for sheet and two round bars (14 in. by 1 in. diameter)
for tensile tests were successfully poured from one
pot of metal for each of the six compositions defined
above, Careful analysis of samples from different
parts of the castings show no segregation in any one
ingot. Relative high percentage of iron was present
in a2ll the castings ranging from .04 to .177, being
considerably greater than that which should have been
introduced by the cupro-silicon 2nd cupro-minganese
used,

Samples taken from well within all the ingots were

ex1mined microscovically; for the most part, they ap-
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peared to be sound. The typid#al structure was that of

a highly cored dendritic solution, but in a consider-
able number of samples a second constituent was visible
between the dendrit = while the ¥ was present in
certaln cases. The two secondary phases could be clear~
ly distinguished; etched with ferric chloride, the v
is a bright bluish-white, while the new constituent,

for convenience called X, is usually brown. It 1is
probably composite in character,

Mechanical Properties of Silicon-Manganese-Copper

Alloys.in the Cast Condition.

Fach of the cast cylindrical bars was divided into
two halves 7 inches long by 1 inch diameter, and mach-
ined into tensile test pleces of the recognized stand-
ard dimensions giving 1/4 sq. in. sectional area. Sil-
icon has greater effect upon the ultimate strength than
manganese. Alloys ranging between 3% and 437 silicor
possess high strength. With less silicon, the alloys
are soft and of poor quality, while with more, they be-
come increasingly brittle, owing to the presence of
the ¥ phase. In moderation, thc latter may tend to in-
crease the ultimate strength, but it is much more prob-
able that the high strength in the range mentioned is
due to the influence of "X", for when Y is present in
any quantity, the ultimate strength is lowered. Vith-
in the optimum range of silicon content, namely, 3%
to 437 silicon, increase of manganese raised the ulti-
mate strength to a certain extent, but only at the ex-
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pense of ductility. The highest ultimate strength re-
corded was 24.6 tons per sq. in. for the alloy contain-
ing 4.74% silicon and 3.19% manganese; its ductility,
however, was low. A considerable amount of the con-
stituent "X" was present in this alloy.

The outstanding feature of the results for percent-
age elongation in 2 in. is a small area of high ductil-
ity between 23 and 4% silicon and O and 13% manganese.
("Everdur": Si, 3.43%; Mn, 1.04%; and Fe, .04%) is in-
cluded in this area and had the greatest elongation,
25%, of the whole series. With 5% silicon and over,
practically all elongation disappears, while the alloys
of relatively high manganese content are not especially
ductile. The results for reduction of area are of the
same general type as those for percentage elongation,
except that the area of high ductility 1s more restrict-
ed.

After the tensile tcst, the grip ends of the test
pleces,which were originally located at centers of the
castings, werc sectioned transverselv and the sections
used for hardness determinations. Hardness tests were
likewise applied to certain of the Izod specimens pre-
pared from the strip ingots, as described later. Bri-
nell hardness figures were obtained bv the use of a
ball 1 mm. in diameter under a load of 10 Kg. applied
for 15 seconds. It was noted that the values for the
strip ingots were, in general, about 20 Brinell numbers

higher than those for the round bars of the same conmp-
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ositions. The strip ingots werec 1/2 inch thick, vhile

the round bars were 1 inch in diameter, vwhich means

that the strip ingots were more severcly chillcd than

the bars, and this accounts for their greatecr hardness,
In cach case, four distinct ranges vierc visible, thelr
boundarics being 2t 2bout the same chemical compositions
though the actual hardnesses were differcont., Silicon

has far morc Influence upon the hardness than mangancse,

and the four ranges may be described by reference to

da B Ll s e

the silicon content alone, as follows:

Range I - From O to 2% or 3% silicon, all the al-

loys arc relatively soft, the higher 1limit of hardness
being about 70 Rrinell in the cagse of the round bars

and 90 for thc strirz ingots.

Eange TII - At about 3% silicon there is fairivy
»]

rapld inrreass of about £) Frinell points in each case,

3

marizing the first anpearance of the constituent "X",

to the influcence of vhich thie increacad hardness is

e

doudbtless due,
Fonge ITI - Botvwecen 3 and 490 silicon, in an arca
corrasnondirs almost exactly with that of good ultimate

strongth, the Brincll number remains at an almost uni-

e e

! form and fairly high valuc, namely, 80 te 102 for the
bars and 110 and 120 for the ingots. Fere the best
Brincll prepertics occur,

kanze IV - V'ith rore than £ silicon the hardness
incr:iscs rapidly, owing to the prescnce of excessive
amounts of Y .
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The Shore scleroscope test was performed, using
the universal hammer, upon the Brinell specimens, and
the results were found to follow the same general trend
as the Brinell numbers, Unlike the Brinell figures,
however, there is no marked discrepancy between the val-
ucs for the round bars and strip ingots.

Samples machined from the strip ingots were sub-
jected to the Izod notched bar test upon a 120 ft. 1b.
machine, the specimens being of the usual standard dim-
ensions, namely, 1 em, by 1 cm. section, notched 2 rm.

deep at an angle of 45°, with ecircular bottom of radius

«25 mm, The notches were 28 mm. from the ends of

specimens to be struck. ™ith the exception of those
very rich in silicon, none of the alloys showed brittle-
ness; in fact, specimens of only two compositions suffer-
ed breakage in the annecaled condition. Thrce classes

of alloys were distinguishable depending upon the con-
tent of silicon and to a lesser degrec, of manganecse.
with low percentages of these elements, thce alloys are
soft and malleable. Their “Izod figures, which range
from about 45 to 5C ft. 1lbs. are slightly lowered by
annealing. Secondly, around the composition of optimum
tensile properties appears a range of tough alloys wvhich
remailn unbroken under test while absorbing over 50 ft.

1bs of energy. Upon annealing, these Izod figures are

distinctly raised, while thec region is extended to in-
clucde certain of the more brittle alloys. These latter

form the third class - namely, those which broke under
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test., Both "as cast" and anncaled specimens show the
enbrittling influcnce of the Y constituent, and the ef-
fect of anncaling is simply to localize this in its
true corner of the field by inducing approxivntely e-
quilibrium conditions,

It is thereforc concluded that, in the chill-cast
state, silicon-manganese-copper alloys of about the
composition 3%% silicon with 1% manganesc had the best
all-round mechanical properties of any between the lim-
its of 0 to 5% each of silicon and manganesc.

Production and Properties of Silicon-Manganese-Copper

Shect.

This part of the research was designed to invest-
igate the bechavior of silicon-mangancse copper alloys
under both hot and cold rolling, and to ascertain the
properties of the rcsultant shect. ¢f the twelve
strip ingots cast, as described in the previous sect-
lon, six werc selected for hot rolling and six for cold
rolling. With the cxception of the allovy contalning
5.14% silicon with 1.51% mangancse, good shcet was ob-
tained by cold rolling all siz irgots.

In the investigation of the plain silicon-coppcr
alloys, onc containing 44% silicon could not be rolled
in the cold.

The conditions of hot rolling were much less care-

fully controlled, the initial temperaturc being 750° K
+ 200C. For the most part, the ingots rolled well as

long as a falr degree of temperature was malntained,
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but upon cooling off, and particularly if the attempt
were made to cross-roll a cool speecimen, serious crack-
ing took place at the cdges. In spite of this fact,
hot rolling can be said to glve much better results than
cold for the alloys rclatively high in silicon, provid-
ed that the temperature be maintained above redness.

As in the case of the plain silicon-copper alloys, how-
ever, care must be taken not to excecd a tomperature of
about 800°C, or the material becomes "crumbly" and hot
short. Specimens of hot rolled shect were afterward
pickled and brought to a "soft bright" finish at ,062
inch thickness; the last pinch (after the last anneal)
bcing .08 inch, as for thc cold rolled sample. From
cach specimen of shect in cvery condition, at lcast

six samples 4 in. by 1 in. were cut, three becing taken
parallel with (lengitudinal) and threc at right angles
to the direction of rolling (transversc). Thec samplces
were machined to tensile test pileces by bolting 2 num-
ber together between two mild-stecl plates and shaping
the cdges. About 250 specimens werce thus prepared.
Upon measurcment, few, 1if any, of the parallel portions
varicd by morc than .CO05 in, from thc intended width

of .28 1in.

The selection of the gauge length was governed by
the sectional area of the speecimens. The standard
spocification for pruge length is four times the sqguare
root of the sectlonal arca. In the majority of cases

this worked out at about 1/2 inch, which was according-
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ly chosen and adopted for all the specimens. The most
patent fact revealed by an examination of the results
was that the ductility and in meny cases the strength
also is lower when tested across than along the direct-
ion of rolling, and that this condition is by no means
destroyed by annealing. The dircctional properties
were rather less marked for the hot rolled specimens,
due perhaps solely to the fact that they were cross
rolled. Any directional properties which they retain
were presumably imparted during the last pass or two,
when the metal was becoming cool. The effects of the
rolling conditions are summarized below.

Cold- Elongatio n
Condition Worked Ultimate 4 area
Strength %

Hard bright 33 18-45 tons/sq.in. 4
Soft bright 11 22-41 tons/sqg.in. 7-43
8

Hot rolled Indef-22-50 tons/sg.in. -19
inite
Annealed O 14-31 tons/sg.in. £0-75

The relative low elongations of the hot rolled
specimens were simply duc to the cold working effect
of the last few passes. Had the rolling been stopped
at an earlier stage, 1. e. before the metal had cooled
down below a red-heat, the rcsults would no doubt have
been more comparable with those for the annealed mat-
erial. However, thcey show definitely that 2wt rolling

(especially with cross rolling), follcwed by cold
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work, imparts good strength without the introduction

of objectional dircctional properties. Such procedure
is thereforc rccommended; 1t gives greater fuel and
mill power cconormy, as well as a better product than
cold rolling with intermediate anneals.,

The results of tensile tests carried out on
annealed silicon-mangancsc-copper sheet show that the
most ductile alloys contain from 2 to 3%% of silicon

vith up to 3% of mangancse, and correspond fairly well

PRI TPV TPY VN N

with those of maximum toughncss, as shown by the Izod
test on the annealed castings.

Corrosion Tcsts

An extensive scrics of corrosion, or perhaps rath-

er endurance, tests in various liquids, including min- :

eral and organic acids, was undcrtaken upon silicon-
copper and silicon-mangancsc-copper, with purc copper
ag A standard of refcerence.,

Coppecr and silicon-copper resistcd strong sulphur-

ic acid fairly wcll, but silicon-mangancsc-copper vas

modcratcly attacked. All the nctals resisted normal
and deccinornal sulphuric acid quitc well, the rate of
attack being from 8 to 13 mg. per saquarc ccntimeter per A
month., Normal and decinormal hydrochloric acid attacked q
all the allnys to a greater cxtent than sulphuric acid k

of the samc concmntrations, the loss in weight varying

from about 30 to 90 mg. per squarc centimeter per ronth.
As might be cxpeccted, normal nltric acid rapidly at-
tacks copper and the silicon alloys. On the other
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hand, decinormal nitric acid has scarcely more action
than sulphuric acid of the same concentration. All
the metals showed a fair degree of resistance to nor-
mal formic and acetic acids (8 to 15 mg. per square
centimeter per month), and mixing the two acids did
not increase the rate of attaclz, In synthetic sea-
water, there was 1little to choose between the alloys.

In general the corrosion of the silicon-copper
alloy containing 4.5% of silicon proved very similar
to that of the silicon-manganese-copper alloy tests
under identical conditions, but was rather less severe.
As this material contains no manganese and 13% more
silicon than the ternary alloy, the foregoing result
would seem to indicate that 1t is to the silicon rath-
er than the manganese that the latter owes 1ts resist-
ance to corrosion, For all liguids except ncrmal ni-
tric acld (by which both were rapidly dissolved), the
silicon-manganese-copper alloy, containing 3.17 % of
silicon and 0.99% of manganese, was slightly inferior
to copper tested under identical conditions.

The Oxidation of Silicon-Copper and Silicon-Manganese -

Copper Alloys at High Temperatures.

Carefully cleaned, measured and weighed specimens
of 3% silicon-copper, 4.5% silicon-copper and a silicon-
manganese-cepper carrying 4% silicon and 1% manganese,
in comparisén with arsenical-copper, all in the form of
sheet, were heated in air in a muffle to a temperature

of 728°C, This temperature was maintained for 1 hour,
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after which the specimens were allowed to cool in the
muffle with free access of air, They were then examined
and reweighed. In addition to these experiments, the
rates of oxidation of the two silicon-copper sheet samp-
les together with silicon-covpper wire (0.92% sSi) were
determined in pure oxygen at 7257C and 825°C.

The maln conclusions drawn frorm the results of the
two series of experiments are as follows: the scale
formed on silicon-copper alloys resembled that ordinarily
formed on copper, insofar as it conslsted of a black
cupric-oxide layer superimposed upon a firmly adherent
cuprous-oxide film, In the case of allocys contalining
apprecinble quantities of silicon, the cuprous oxide
film is buff in color and contrasts strongly with the
red oxide produced on copper., The modification of the
color is probably due to the admixture of silica. The
resistance of silicon-copper alloys to high-temperature
oxidation in the neighborhood of 700°C increases with
the silicon content. At 725°C, the rate or oxidation of
an alloy containing 4.58% silicon was from 1,/4 to 1/7
that of copper. The adherence of the outer layer of
black oxide was likewilse a function of the silicon con-
tent, For the 4.58% silicon alloy, it was very firmly
adherent. At the tempcratures above 800°C, the oxidation
rate increases and approximntes that of pure copper.

The addition of 17 manganese to a 4% silicon alloy did

not appreciably alter the rate >f oxidatlion, but rendered
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the bhlacl oxide mirh lega adhoavent,

Comparison of the Silico~n-Copprer and Silicon-Manganese-

Copper Atlors,

The results of this investigation show that the
straight silicon-copper alloys are litile 1if at all
inferior in their mechanical nroperties to the more ?
complicated ternary allecys containing manganese, and f
that therc is no marked differcence in their resistance
to cerresior., The experiments on the resistance to

attack vy chemicals indicated the suitability of the ;

alleys, with or without manganese, for certain engineer-
23
ing purposes in chemical industries,




Foreign Research (German)

In a paper on a somevwhat similar subject, namely,
"A New Silicon-Zinc-Coppcr Allcoy", it was stated that
silicon-zinc-copper alloys possessed a homogeneous sol-
id solution structure up to a much higher silicon con-
tent, in the ccpper corner of the ternary thermal-equil-
ibrium diagram, than hitherto been assuwned.

Whereas 2% silicon had been thought to be the max-
imum solid solubility in the 90% copper alloy, it was
now shown that about 4% of silicon could be rectained
in so0lid sclution. These alloys with a high silicon

content, c¢speclally when it was all retained in solid

solutions, possessed valuable properties. They could
be worked hot as well as cold. Some of the alloys of
this type had cutstanding properties as bearing and
bell metals. These alloys contained fmm 71 to 95% of
copper, 2 to 6% of siliccn and 3.5 to 27% of zinc.

Y"™hile silicon-zinc-copper alloys decrease in
strength and ductility with the addition cf tin, owing
to the separﬁtion of a new hard constituent, their val-
ue as bearing alloys was thereby increased. Tests of
some of the silicon-zinc-copper alloys, containing a
little tin, had shown that they would withstand a
specifically higher load, as bearins metals, than
coculd ordinary bronzes,

It va~s tound that vhile the actual rate of oxid-
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ation might be lessened by the addition of silicon,

the surface oxidation products contained silica which [
was insoluble in ordinary pickling reagents, and; in
order to remove this silica, it required some type of
mechanical cleaning in addition to the usual pickling
and washing. It was noted that the silicon-copper
sheets made were not all of good quality. It might be
that some means of casting, so as to obviate turbulence
might be of advantage in obtaining clean ingots. The
season-cracking tendencies of the silicon-copper alloys
were very marked and it would appear that nothing short

of complete annealing would remove them entirely.

This provides a serious argument against the use of

these alloys.

These alloys also piped very definitely.24
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Foreign Research (French) Abstract

Copper Alloy Systems with Variable Alpha Phase - ;

Range and Their Use in Hardenlng of Copper.

I When one metal dissolves In another at a high
temperature and precipitates on cooling, some hardening
effect czn take place in the binary alloys, but the
amount of it cannot be great becausc there are but a ;
few solutions forming hard enough precipitates. The
limits of solid solublility of thesc elements in copper
narrow with the rise of the temperature as in Cu-Zn,
Cu=-Sn and Cu-Al systems. Metallic substances which

when alloyed with Cu can harden 1t successfully must

easily dlssolve at high temperatures and form on pre-
cipitation hard by comparatively non-brittle minute
particles. When two are used, one must not form any
compound with Cu whatever, while the second must have
more affinity to it than Cu. Taken separately one of
them, but preferably both, must be soluble in sclid
Cu to some extent.

Eutectic temperatures of Cu with these compounds
rmust not be too low, Many ternarv systems are possiblc
but only a few rcalizable, Cu-Co-Si, Cu-Ni-Si, Cu-C-
Si, Cu-Fe-Si and Cu-Mn-Si all harden on drawing.

IT A study of Cu-Si series. Alpha solution range

increases with the temperature. Limits of solid sol-
ubility at low temperaturc are not definite, The
secondary constitucents slowly prccipitatc along cleav-

age planes. For practical purposcs the l1imit of solid
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solubility can be placed at 3 of silicon, Long anneal-
ing at 200-300° drops it to about 2%. Normalizing,
rolling and annealing permits following the changes in
physical properties as reclated to increasing Si con-
tent up to 2.3% wherec the results become irregular.,
Above 2.3% thc excess silicon precipitates causing
chianges in hardness.

Hardness of alloys quenched and drawn at 400-500°

for 3-6 hours increases, reaching a maximum of 280
Brinell with 6.7 silicon. Hardness does not affect
tensile strength but strongly changes elongation. For
low silicon content the improvement in conductivity is
caused by precipitation of more resistagt B-phase.,
With higher silicon content,~ -precipitates. The
structure of low silicon alloys is strongly affected
by heat treatment, though the physical properties re-
main almost the same, Grain sizc increases with sil-

icon.

III A study of hardening copper by heat treating its

alloys with silicides. In Cu-Ci-Si systems Si greatly

incrcases the solubility of Cr and its precipitation

at lower temperature ranges. Thc limifts of its solub-
ility are not as sharp as inCu-Cr system, and the temp-
eratures required for treatments arc lower than those
necessary for Cu-Cr alloys. The usc of Fe silicides
did not prove advartageous, though some hardening

could be produced. Alloys with Ni,Si and CopSi give

eptimum rcsults. The state of so0lid solution docs not
«77=
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cause the maximum resistivity because it can be in-
creased by higher heating. High NiQSi alloys harden

on mere cooling in the blast of air. Ductility figures
are not consistent,

Iv In pseudo-binary alloys like Cu with N1231 or
CooSi, anncaling after guenching precipitates constite-
uents in many different shapcs. Sorbitic structurcs
gradually (with the increasing HigSi content) change
into revon ~atectoid precipitated at the grain boundar-
ies, reippearing again as a complaex structure at 9,67
followed by the former structure with 12%. Alloys pro-
duced by keeping silicon at 2.5% and increasing Ni to
50 and 90% could be worked only when a 1little mangancse
was added in the casting. Their properties were sim-
ilar to those obtainable on hardening rich Cu-Ni all-
oys. Constitutional diagram given shows that up to
30% Ni, the lower limit of solid solubility remains
practically constant, being 0.10% silicon at lower
temperatures and 1.0% silicon at 9.78°C. Above SO%-

Ni the proportions of silicon rcmaining in solution in-
crease ith 50% Ni, no hardening or precipitation
occurs with less than 0.8% silicon. No free silicides
can be found after 975%quench with less than £.3% sil-
icon. Hardening is produced by fomation in Cu alloys
of NigSi and Cog3i. FeSi cannot be used for the pur-
posc. The existence of NioSi is well cstablished.

CooS1 is unstable. Preparation of the allors doos not

call for any s»nceial preecrutisns.,. Silicon ¢an boe re-

18~




placed with Be which forms NigBe. Corrosion resistance
of the alloys is average. Alpha brass and bronze can
be hardencd by dissolving in them Ni and Si and heat

treating. 27
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10, P, M. G. Metal (88 Copper-10 Hardener-2 Zinc)

P. M.G. metal 1s a copper-silicon-iron alloy dev-
eloped as a substitute for phosphor bronze, manganese
bronze and gun metal, as the name impliles.,

It is stated that 88-10-2 P. M. G. alloy is 10%
stronger, rcsists corrosion more, has better casting
properticse 3md possessecs greater anti-friction proper-
ties than most of the bronzes it is intended to substi-
tute,

A hardener for this allov was developed, 8% of
which is claimed to be equivalert of 10% tin.

In tests made at “atertown Arsenal of 88-10-2
grade, the physlcals were about the same as those ob-
tained on Instrument Bronze No. 5. As cast, average
tensile strength of 54,650 lbs./sq.in. with an elong-
ation of 23.5% in 2 inches were obtained. Machining
88-10-2 P. M. G. metal was equal to Bronze #5. (Sece
Report No. 343.2, June 25, 1931, appended.)

Heat treated. Forged P. M, G., tensile slightly im-

proved; castings showed the most apprecciable increase
in tensile propertics. Greatest hardness obtained by

heating casting or forging at 5500C after quenching.

Maximum hardness and tensile propertics do not occur at
game time. The hardness of castings and forgings are
close, showing a differcence of only 8 Brinell points.
The hardness range is approximately 85-121 Brinell with

l1ittle differcnce between trecated and non-trecated

specimens, ~80w
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Annecaling. DNeither castings or forgings showed any

responsc to normal anncaling temperatures,

Hardener-Actual Analysis P.M.G.(88-10-2) Analysis
Iron 17.60% Copper 91.-93.%
Silicon 40.01% Zine 2.5-4,5%
Copper 40.53% Iron 1.3-1.8%
Manganese .65% Phosphorus .10%
Phosphori- .32% Menganese 10%

Tro nasrdener is commerciall; called 40-40-2 alloy;
it is of standard composition ina 21! of the ingred-
ients arc obtainable from domestic sources. Silicon is
the principal hardcning agent, hardening copper 2% times
more e¢ffectively than tin. 1% of silicon is equivalent
to 10% of zinc when alloyed with copper.

Sec Frankford Arscnal Report No, 12 on P.M.G.
metal covering information on casting practice, machin-
ing,magnetic properties, physical properties, macro-
structure and microstructurc, patcnts, proposcd tinless
alloys, rccommendations, specifications for analysis

and physical propertics, cte,

=8l




Other Tegts & Data

A P.M.5. test (British)

Test Piece - 3" round P.M.3. Metal Rar (88% Coprer,
10% P.M.G. Hardener, 29 Zinc.

The bar was heated once only in an ordinary -
smitht's hearth which 1s generally used for the heating

of steel billets.

Yield U.T.3.

tons tans Elon.
per rer sa. in Brinell "
8q.in. n. 2" Hardness

lst Stage: The temp-

erature was raiscd to

757°C and then bar was

ferged dovn to 1" sq. 18. 33.2 437 149

ol the bar was extcnded
in length a further 12"
’ by forging without fur-
thor heating to 5/B™ 5q. 28. 37.6 o0 187

t  2nd 3tage: A pertion

3 3rd Stage: A portion of
the 5/8" sq. bar was

forged without further 28, 37.6 25% 179

5 heating from 5/8 to a

,‘ point; during the opecr-

i ation being cxtended a

1 further 10 inches. !

Note: Tons are long tons (2240 1bs.)
In the 1" square portion of the bar, the metal was

|
i
”J then Bent And Closcd Up Cold.

i
= In the 5/8" portion of thc bar, the sccond Rend 7
- was made and Clescd Up Cold.
;,t Thereaftcr, the First Bend was Opencd up Again
f Cold and Closed Down Cold.
f l No Fracture Occurrcd Anywherc and the metal proved
b

to be sound after these very scvere tosts.o9

|
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Report No. 343.2
PM3 METAL
{Sample cbtained from American

CHEMICAL ANALVSIS

Cu Si Mn Fe Zn

June <5, 1931

BRrass Co.,

91.80 3.66 .38 2.24 1.92

PM3 METAL (A0 Cnt7

" os. per 3q. In. Per Tent
Tt i Tlon. Red.cT
Fe. P.oL, Y., P.RT. S, 1" Areca Fracture

1-L 14,000 30,407 48,000 .0 13.4

2-1 10,000 26,000 43,000 7.0 9.6

-T 14,000 26,000 57,000 14.0  11.7
T 10,000 23,000 36,000 9.0 10.7

233

90° break,grayish
crystalline,cop-
per scgregation
near edge.

90° break,grayish
color,crystalline
yellowish segre-
mnted spots,

cheocks on sten.
" 1t "

Irregular 90°
break,coarse cry-
stalline, 50%
prayish,50% cop-
per segregation,
checks on stenm.




Report No. 343.2

“Yield point taken as the load producing an extension

under stress

of D.75

TENSILE CHARPY

Na., *t. Lbs, Fracture
1-L 9.8 Coarse crystalline, grayish cclor,
dull yellow sezregation.
1-T 4.0 Coarse cryst~ilinec, pitted 7)% copper
segregation.
HARDNES3S
brinell Ro-imwed!
1708Kg '
Load "E' szalc
181 gb

-84
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P, M, G. General, The metal has a very closc struct-

urc, and offcrs considerably greater resistance to cros-
lon than c¢ither Gunmetal or Phosphor Bronze in hydraul-
ic appliance such as Impellers, Volves, Spindles, cte.

It is a2 good forging metal with high Brinc?l hard-
ncss in Spindles, ote. and makes a good bearing, when
running with stccl or similar spindles.,

It is inclined to draw in castings, but this can
be allowed for.

In‘Bronzc Pump Spindles rcauiring forged couplings
1t offers the advantage of grcater resistance to wear
and abrasion by packing, than forged Mangancsc Bronzc
wilth Improved running qualitics in combination with
¥hite Metal Bushes,

The working and machining of P. M. G. 1s very
similar to Phosphor Bronzc cxéept thnt in forging it
recquircs morc thorough soaking iIn the furnacc, while

in griniing it is rmuch frecer in cutting, Phosphor

2ro s ciacking the whecl much more rcndily.31
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It is stated that samples of P, M. G. which have
been analyzed carricd zine at 2%, iron at 1.7%, mangan=
ea¢ at 0,507 and silicon at 3.67%; that skill would
have to be uscd to kcop the ~mount of iron prcscent in
complecte solution. Microscopic examination of the same
plcs indicated that the material containcd undissolved
iron silicidc,

In the coppor-silicon bronzecs, it is belicved that
high iron 1s somewhat detrimental n»nd has been avoided,
The prosence of zince has also becn avoided although
Investigations indicate small percentages of zinc have
no injurious effect and, in fact, may be somewhat of
advantage in secﬁring sounder castings. It 1s belicved

that P, M. G. mectal would be equally as good as No. ©

Bronzc.52
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Forging., For the purpose of forging the P. M. G. Mctal
IQreing ’

e — b e e

this can be donc by hcating the metal in coke-fired
1 ovens or ordinary smithy hearths, up to 700-750°C. The
“{ metal should be sonked a8 1little longer than Phosphor

Bronze, and then when forged it willl respond readily

and give good results,9d
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Publications and Sources of Information on Everdur.

-

3.
4.

6.

8.

9.

1'3:

14.
15,
16.

Everdur Ingots - A. B. Co. Anaconda Publication
El-4th editlon.

Fverdur Metal-Gen., prop. and applications, Anaconda
Publication E2-9th edition.

Everdur-Strength propertics, Anaconda Publication E3
Everdur-Yelding Propertics and methods of proccdure
A. B. Co., An. Pub. E4.

sverdur-Uscs, Physical Propertics, constants, corr-
osion resistance data, An. Pub. ®5-5th Ed.

Everdur tanks-capacitics & dimensions for various
pressures, An, Pub, E7

Everdur Mctal-Rust-proof tanks, American Brass Co.
Large “olded Everdur Pressurc Vessels by Marsclis
Powel and I. T. Hook, A. B. Co., Pub,

Fverdur in Sewage Treatment Morks-Row Engincers,Irc.
Fyeodur Storage Heaters-The "hitlock Coil Pipe Co.,
Coilniin 45,

Report on Silicon Bronze for fucl lines - Navy Dept.
9-22-31, Serial No. ABL=-347.

A. B. Co., Letter July 15, 1932 to . A.

A. B. Co,, Letter Dec. 29, 1931 to V. A. Everdur
Picklo baskets

A. B, Co., Lettcr Nov, 29, 1930 test on 1, 7 3. rods
Report #12 on P, M.G, Metal by Frankford Arsonal.

Journal of the Amcrican Y'¢lding Soclety, Sept. 19351-

Large Y'¢lded Everdur Pressurc Vessels.,

~ 88~
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17.

18.

19,
20.

21.
22.

27,
28.
29,

A0.

Journal of the Amcrican Yelding Society, March 1832«
500 gal. "'elded Everdur tank. |

Iron Age, Nov, 28, 1929, Vol. 124-No. 22 (Hardened
copper for electrical and |

chemical equipnent

Mctals & Alloys, Jan. 1932-Everdur Metal-high
strength, corrosion resistant engineering material.
Welding Eng., Feb. 1932 - Tanks & Containers |
Navy Spec, MiOS-Copper-silicon-bronze seamless tube
Engineering = London, Oct. 3, 1930, P 441
Enginecring - London, Sept. 26, 1930, P 387

Mctals & Alloys, Dec. 1932

Journal of the Institute of Mctals, No. 1, 1929,
P. 479.

P. M. G, Metal (F, A. Report No, 12)

Y. A. Report No. 343.2 (P. M. f%.)

Letker - 0. 0. 470,1/4448, July.l4, 1931.

Lasier - VL AL 470;1/3270A

147 N0r - o; 0, 470.1/4444, June 12, 1931

Lettcr - A. B. Co., June &, 1930
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