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ABSTRACT

Studies on development of low melting point materials
for x-ray and gamma ray shielding for medical applications
showed that the casting temperature range of 120-175 °c
.was suitable for Bi-Pb-Sn, Bi-Cd-Pb, and Bi-Cd-Sn ternary
alloys while 00-120 C range was suitable for Bi-Pb-Sn-Cd
quaternary alloys. Ternary alloys had sound texture without
any presence of low density phase of intermetallic compound
as found in quaternary alloys, thus enabled their density
estimations by calculation. Both system alloys had 2-3
times hardness values compared to that of lead metal.  This
indicated the'improvement in strength to wéight ratio while
their casting temperatures were lower. Radiation shielding
properties of both system alloys at 60-150 keV energy range
were not far different from lead metal. When material or
composition was fixed, the attenuation coefficients
decreased while the radiation energy increased. In contrast
when the radiation energy was fixed, existing elements and
their compositions would play important role on the
obtaining attenuation coefficeints. Oxidation ' effect on
composition change and precautions during casting of alloys

were also discussed.
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Bismuth Bi

Physical properties
Atomic number

Atomic weight

Crystal structure

Colour

Specific gravity
Density

Melting point

Boiling point

Specific heat

Thermal conductivity

Coefficient of linear expansion (20-100°C)
Latent heat of fusion

Latent heat of vaporization

Thermal neutron absorption cross-section

Electrical conductivity

Specific resistance

Temperature coefficient of electrical resistance
Electrochemical equivalent

Electrode potential

Magnetic susceptibility

Young's modulus of elasticity
Tensile strength
Hardness

83

209.0

Rhombohedral

White with reddish tinge

9.8
9800 kg/m? (0.34 Ibfiin.%)

713G

1420 °C

0.13 Jg°C (0.030 cal/g °C)
10 Wim °C (2.4 cal/m s °C)
13:3:%'10% °C -

544 Jig (13 cal/g)

854 Jig (204 cal/g)
0.032 barns/atom

1.7% IACS (copper 100%)
1120 microhm mm

0.0043/ °C

2.5% g/A/h

+0.2 VY

-1.35 x 10%

31.7 x 10° N/m?
- N/mm?
- DPN

(4.6 x 10° Ibffin.?)

General notes on bismuth

Bismuth is soft but quite brittle, being similar in many re-
spects to antimony, arsenic and zinc. It has considerably
more metallic properties than either antimony or arsenic
but is a very poor heat conductor and, like antimony, ex-
pands on solidification, this property being transferred to
its ailoys.

The pure metal can be extruded as a very fine wire
which is used in high guality pyrometer and galvanometer
suspensions, as well as hair lines in optical instruments.

The bismuth alloys are characterized by their low melt-
ing point, low contraction rate and high fluidity. These
low melting point alloys are used as fusible plugs or links
which melt when heat is applied, and are found in fire
sprinkler systems, holding open fire doors, and other
safety devices which must automatically operate when
the temperature rises above a certain limit. Alloys melting
from 60 °C upwards are available,

Bismuth alloys exist which expand on solidification and
remain dimensionally constant or contract very slightly,
All of thes= are used in engineering to fill pipes at bend-
ing, to hold intricate parts during machining, or as pat-
terns to simulate certain shrinkage characteristics.

Molten bismuth does not readily oxidizs and it is this
property which enhances the fluidity of some alloys. This,
wath the low contraction rate, gives castings of a very high
definition, and is thus used as type metal in good quality
printing.

Small quantities of bismuth added to austenitic stainless
steel are reported to increase the machinability without
detracting from the corrosion resisting or mechanical pro-
perties, while some zinc alloys have also been produced,
notably in Germany, with bismuth added f{or the same
purpose.



Symbol

AAF 11078AN
AAF 11078A72
ANATOMICAL

ALLOY
- BISMANOL

BISMUTH
BISMUTH
CERROBASE
CERRO-CAST
CERRO-LOW 117
CERRO-LOW 136
CERRO-LOW 147
CERROSAFE
CERROTRIC
CERROTRU

D'ARCET

GLANCE
hBil

LICHTENBERG

Nominal analysis. supplier, condition ard remarks.

7% Pb 13% Sn 1% Cd Bi alloy: US Service;
melting poimt 71 °C

4% Pb 7.0% Cd Bi alloy: US Service: meling
range B3-91 °C

17% Pb 1%5% Sn 105 Hg Bi alloy: Meling point
60 *C: used for making bone replicas

20%% Mn Bi allov: Pressed powder for magnets;
consult PMA for further information

Commercially pure Bi metal: Blackwells: primary
metal

High purity Bi metal impurities 10 p.p.m.:
Johnson Matthey; supplied as ingot or wire
44.5% Pb Bi alloy: Mining and Chemical Co.;
melting point 124 *C

Bi base alloy: Melting range 140-170°C; Mining
& Chemical Co.

Bi base alloy: Melting point 47.5 °C; Mining &
Chemical Co.

Bi base alloy: Melting point 58 °C; Mining &
Chemical Co. [

Bi basc alloy: Melting range 61-65 °C; Mining &
Chemical Co.

37.5% Pb 11.3% Sn 8.5% Cd Bi alloy: Mehing
range 70-%0 °C; Mining & Chemical Products Ltd
42% Sn Bi alloy: Melting point 138.5 °C;

Mining & Chemical Products Ltd

42% Sn 1% Po Bi alloy: Mining & Chemical Co;
melting range 134-135 °C; zero contraction on
solidification 4

25% Sn 25% Pb Bi alloy: Information from Tin
Research Institute; melting range %6-98 °C
Bismuth suiphide ore

$9.9999% Bi rod, 12 mm diameter; Light Ltd; high
purity metal

20% Sn 30% Ph Bi alloy: Information from Tin
Research Institute; meltng range %6-100 °C

Symbol

LIPOWITZ

MALOTTE
NEWTON
ONION
ROSE

WOODS

43

Nominal analysis, supplier, condition and remarks.

13.3% Sn 26.7% Pb 1052 Cd Bi ailoy: Information
from Tin Research lnsiitute: melling range 70-73
e

34% Sn 20% Pb Bi alloy: Information from Tin
Research Institute: melting range 9%6-123 *C

18.8% Sn 31.2% Pb Bi alloy: Information from
Tin Rescarch Institute: melting range 9%6-97 °C
20% Sn 30% Pb Bi alluy: Information from Tin
Research Instituze: melting range %6-100 °C

12% S5n 18% Pb Bi alloy: Information from Tin
Research Institute: melting range 96-100 °C

12.5% Sn 25% Pb 12.5% Cd Bi alloy: Information
from Tin Research Institute: melting range 70-T2
o :

e e e T T
Note. The fallowing abbreviations and units are used in the tables:

DPN
TS
Elon
Proof

Hardness, diamond pyramid number
Ultimate tensile sirength, Nfmm®
Elongation, %

0.1 % proof strength, N/mm®

1 Nfmm?=0.1 hbar=0.102 kgfimm?=0.06475 tonffin®=145.04 Ib{/in®
e e e e T S e



Lead Pb

Physical properties
Atomic number

Atomic weight

Crystal structure
Colour

Specific gravity

Density

Melting point

Boiling point

Specific heat

Thermal conductivity

Coefficient of linear expansion (20-100° C)
Latent heat of fusion

Latent heat of vaporization

Thermal neutron absorption cross-section

Electrical conductivity

Specific resistance

Temperature coefficient of electrical resistance
Electrochemical equivalent

Electrode potential

Magnetic susceptibility

Young's modulus of elasticity
Tensile strength
Hardness

8
207.21
Face-centred cubic

Blue-grey

11.34

11340 kg/m’ (0.42 Ib/in.%)
327 °C

1750 °C 7
0.129 J/g °C
17.6 W/m °C
29.1 x 10% °C

A1 (5.75 callg)

803g - (203 callg)
0.17 barmns/atom

9% IACS (copper 100%)
208 microhm mm
0.0043/ °C

3.858 g/A/h

D.126V

$.12 % 10%

14 x 10° N/m?
18 N/mm?®
5 DPN

(1.2 tonffin.?)

(0.0308 callg °C)
(8.2 calories/m s °C)

(2 x 10% 1bf/in.3)
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General notes on lead

Lead occurs in deposits widespread throughout the world
and it is of note that this metal, which has been used for
plumbing since Roman times at least, makes up only
0.002% of the earth’s crust. Lithium, which is looked on
as a rare metal is present as 0.004%. Lead ores however,
tend 1o be found in concentrated pockets which makes
their mining more economical than lithium, which is even-
ly distributed.

The excellent ductility of lead which has a complete ab-
sence of cold working properties has made this a favourite
material which is further enhanced by its excellent comro-
sion resistance and ease with which it can be cold forge
welded.

The Romans had lead water pipes and used lead as a
roofing material. Lead pipes are now being replaced by
copper, aluminium and plastic tubing, as these have thin-
ner wall sections for the same strength and do not suffer
creep failure at normal temperatures. The use of lead for
sheathing electric cables is also largely being replaced
with aluminium and plastic. Lead will be attacked corros-
ively by soft or neutral water which contains carbon
dioxide. This can cause a health hazard when lead pipe is
used.

The largest use of lead and its alloys is in the lead/sul-
phuric acid elecrrical storage battery or ‘accumulater'. No
other material can supply the nccessary electrical, chemi-
cal and corrosion resistant properties as economically as
lead.

The chemical industry still uses large quantities of lead
in contact with acids and chromium electroplating equip-
ment is lead lined and uses lead anodes.

Some of the newer plastics, stainless steel and titanium,
are now threatening these uses of lead, which suffers
from the disadvantage of eing the heaviest metal in com-
mon use. This added to its low strength and very low
creep properties means that it almost always has to be
supported by other metals. Additions of antimony to lead
increase the strength without affecting its chemical re-
sistance to any great extent, but make it more difficult to
weld or solder,

A range of bearing metals exists with lead as the main
constituent, Here the lead is used as a soft matrix support-
ing the hard intermetallic compounds of antimeny, cop-
per, tin and cadmium. These allays are used for high bear-
ing loads. and can stand reasonably high temperatures,
Lead pearings do not however have good fatigue strength
and must not be used where reciprocating loads are invol-
ved unless special precautions are taken, A number of dif-
ferent alloys have been developed which cater for con-
ditions varving from lightly loaded slow moving. up 10
such purposes as bearings on stone crushing equipment.

It is strongly advised that use is made of the detailed in-
formation available from the sources listed for these very
special purpose alloys.

Lead is also used as a base for soldering and some fus-
ible alleys.




GENERAL NOTES ON LEAD

As an alloying element lead has many uses. It is more
economical than tin and has many similar properties being
present in many tin based bearing alloys and almost all tin
based solders and fusible alloys.

Lead is added to steel, aluminium and copper alloys up
to 0.3% to improve machinability. It does not dissolve in
any of these materials thus has little effect on their pro-

‘perties, but does form a discontinuity which prevents long
curling cuttings. The soft lead also acts to some extent as
a built-in solid lubricant, but there remains doubt as to the
extent of the practical advantage of this property.

Lead sheeting has been the standard protection until re-
cent years against X-rays and radioactivity.

lead and its alloys have no natural resonant
frequencies, and it is thus a 'silent’ metal. This property is

Symbol Nominal analysis, supplicr, condition and remarks.

2.3010 99.94% Pb: German Standard

23020 $9.985% Pb: German Standard

2.3021 0.06% Cu 99.9% Po: Chemical grade; German
Standard

2.3030 %9.94% Pb: German Standard

2.3040 99.9% Pb: For chemical use; German Standard

2.3075 0.1% Cu 99.75% Pb: German Standard

2.3085 98.5% Pb: German Standard

2.3131 0.005% Sn & Sb Pb: German Standard

23132 0.126% Sb 0.0055% Sn Pb: German Standard

23137 0.8% 55 0.005% Sn Pb: German Standard

23138 2.5% Sn Pb alloy: German Standard

23139 0.04% Te 0.005% Sn & Sb Pb: German Standard

2.3201 0.7% Sb 1.2% As Pb alloy: German Standard

31 - 0.25% Sb Pb alloy: German Standard

2.3203 3% Sb 1.5% As Pb alloy; German Standard

2.3205 6% Sb Pb alloy: German Standard

2.3208 8% Sb Pb alloy: German Standard

23212 125 Sb Pb alloy: German Standard

23229 8.5% Sb Pb alioy: German Standard

1319 8.8% Sb Pb alloy: German Standard

A | BABBITT Pb base bearing metal: Medivm duty; Magnolia
Anti-Friction Metal Co
DPN:26  UTS: 66

AS Ag Ph base soft solder: Mallory Metallurgical;
electrical conductivity 7.2% [ACS; melting range
304370 °C

UTs: 37 Elon: 35%

AlS Ag Po base soft solder: Mallory Metallurgical:
electrical conductivity 7.2% 1ACS; meiting point
304°C "

{T5:37°  Eloo: 3%

Ade Lead base white metal: For railway waggons;
Anti-Altrition
DPN: 25

A 105 Lead base while metal: For gland packing: soft;
Anti-Attrition

AllD Lead base white metal: For heavy duty and

eccentric bearings: Anti-Alntion

Note. The following abbreviutions amd units are used in the bles:

DPN Hurdnews, diumund pyramid number
LTS Ultimate tensile streneth, Nimm®
Elon Etonpunwn, %

Prool 01 % proof srencth, N'mm'

1 Nimm?=0.1 hbar=0.102 kgfimm =0.06475 tonflin?=145.04 bfinl
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being studied at present, as much of the world’s consider-
able noise is caused by the vibration of metals.

The corresion resistant and bearing properties of lead
when applied as an electroplated deposit are now being
exploited.

Lead oxide as a base for paints has been used for many
years, and there are modern ‘paints’ chemicully producing
an adherent deposit of metallic lead on steel which show
considerable promise. Metallic lead and most of its com-

‘pounds are toxic, thus cannot be used in contact with

foodstuffs, or on such articles as children's toys.

Although many of the newer materials are joining cop-
per as a competitor to lead and its alloys, there is little
doubt that lead will remain an economical material for
many purposes for years to come.

Symbol Nominal analysis, supplier, candition and remarks.

Al Lead base white metal: Capping metal;
Anti-Aftrition

A 205 Lead base white metal: For gland packing; hard;
Ant-Altrition

A210 Lead base white metal: For railway waggons;
Anti-Attrition
DPN: 32

ALLULOY No.1  Lead base white metal: For heavy duty &

eccentric bearings; Anti-Anrition; as A 110
Lead base white metal: Capping metal;
Anti-Attrition; as A 122

ALLULOY No.2

AMS 4750A 459 Sn Pb alloy: Solder
AMS 47554 5.5% Ag Pb ailoy: Solder
AMS 4756 1.5% Ag 1% Sn Pb alloy: Solder
AMS TT20 6.5% Sb 0.55 Sn Pb alloy: Casting
AMS TN 6,55 Sb 0.5% Sn Pb allay: Sheet & extrusion
ANTIMONIAL 30% Sb Pb: Used in chemical plants battery
LEAD plates; common name 1
ARSENIC-LEAD  25% As Pb alloy: Blackwells; primary meta!
ASTM B23.7 1065 En 15% 5h 0.5% Cu Pb alloy: Bearing metal;
melting paint 240 °C; compressive strength 100
Nimm?®
PN: 22
ASTM B33 3% Sn 15% Sb 0.5% Cu Pb alloy: Bearing melal;
" melting point 237 °C; compressive streagth 100
. N'mm?
"DPN: 20
ASTM BIV13 6% Sn 105 Sb 0.5% Cu Pb alloy: Cearing metal
ASTM B231S 1 Sn 165 Sb 0.6% Cu Pb alloy: Bearing metal;
melting point 248 *C
DPN: 21
ASTM B29 99.85 - 9.94% Pb pig: Specification covers 4
grades
ASTM B321'5 8§ IS Sn 1.5% Az Pb solder; Melting pomt 309 °C
ASTM B31725 S L5% Ag Po solder: Melting point 304 °C
ASTM Bi12 A 1% Sn Pb solder
ASTM B122 B 2% 5n 0.2% Sb Pb solder
ASTM B325 A 5% Sa Pt solder: Melting range 270-312 °C
ASTM B32S B 5% Sn 0.3% Sb Pb: Solder; melting range
70-312°C
ASTM B3Z10 B 10% Sn 0.3% Sk Pb: Solder: meling range
’ 268-199°C
ASTM BI2'IS B 155 Sn 0.3% Sb Pb: Solder: melting range
D7-18R°C
ASTM B3220 B 2% 5n 0.3% Sb Ph: Solder; meling rangs
183-277°
ASTM B2 C 0% Sn 1% Sh Ph; Solder: melting range 183-277
o s

ASTM BI22S A 25% Sn Po: Solder: melting range 18328 °C




Symbol
ASTM B3225 B
ASTM B3225 C

ASTM B3230 A
ASTM BR230 B

ASTM B3230 C

ASTM B3235 A
ASTM B3235 B

ASTM B3235 C

ASTM B340 A
ASTM B3240 B

ASTM BI240 C

ASTM B34S A
ASTM BJ245 B

ASTM BI10Z Y10A
ASTM B1GZ
YTISSA

ASTM B32§
AUTO A
BABBITT

BABBITT No. 6

BAHN METAL
BS 21918
BS 219/55
BS219C
BS219D
BS219G
BS219H
BS 219
BS29L
BS2IM
BS2i9N
BS2I9R
BS 219V

BS3IMA
BS34B

BS 3352

BS 3353

AL 1 s

v

inal analysis,

25% Sn 0.3% Sb Pb: Solder; melting range
183-266 °C

25% Sn 1.3% Sb Pb: Solder; melting range
183266 °C

30% Sa Ph: Solder: melting range 183-255 °C
305 Sn 0.3% Sb Pb: Solder; melting range
183-255 °C

30% Sn 1.6% Sb Pb: Solder; meiting range
183-255 °C

35% Sn Pb: Solder; melting range 183-247 °C
15% Sa 0.3% Sb Pb: Solder; melting range
18247 °C \

35% Sa 1.8% 5b Pb: Solder; melting range
183-247°C

40% Sn Pb: Solder; melting range 183-238 °C
4% Sn 0.3% Sb Pb: Solder; melting range
183218 °C

40% Sn 2% Sb Pb: Solder; melting range 183-218
<

45% Sn Pb: Solder; melting range 183-227 °C
45% Sn 0.3% 5b Pb: Solder; melting range
183-227°C

10% Sb Pb alloy: Bearing metal

5% So 15% Sb Pb alloy: Bearing metal

For refined secondary PB; two listed; soft; Cu
free and Cu bearing with 0.04% Cu
165% Sb 1% Cu Pb alloy: Bearing metal; Stone

Manganese

Sn Cu Sb Pb white metal bearing alloys: Further
information from Lead Development Association
Pb base bearing metal: For general engineering;
Eyre Smelting; liquidus 272 °C

DPN:0  UTS:45  Elom 3%

0.6% Na 0.7% Ca 0.05% Ni Pb: Bearing metal;
German origin

1.2% Sn 0.1% Sb (max) 1.5% Ag Pb alloy solder:
Mehting range 309-310 °C

5% Sn 0.1%% Sb (max) 1.5% Ag Pb alloy solder:
Melting range 296-301 °C

40% Sn 2.2% P alloy: Solder; melling range
185-127°C

30% Sn 1.5% Sb Pb alloy: Solder; melting range
185-248°C

A% Sn 0.4% Sb (max) Pb alloy: Solder; melting
range 183-234 °C

35% Sn 0.3% Sb (max) Ph alloy: Solder; melting
range 183-255°C

30% Sb 0.3% Sb (max) Po alloy: Solder; melting
range [83-255°C

32% Sn 1.8% Sb P alley: Solder, melting range
185-243 °C

45% Sn 2.5% 5b Pb alloy: Solder: melting range
185-215°C

185 Sa 1% 5b Ph alloy: Solder; melting range
185275 °C

45% Sn 0.4% Sb (max) Po alloy: Solder, melting
range 183224 °C

20% Sn 0.2% Sb (max) Pb alloy: Solder; melting
range 183276 °C

99.99% Pb chemical lead: Primary material
Cheemcal Ph containing protective slements:
Primary material 0,005% Bi (max)

7% Sb Pb alloy: Casting: corrosion resistant for
lining tanks: "Regulus Metal® y
DPN: 15 LUTS: 40

%% Sb Pb alloy: Casting: "Regulus Meral;
cofmosion resistant: wear resisiant

DPN: 16 UTS: 45

and remarks,

Symbol

BS 33544
BS 135/

BS 60211
BS 6022
BS 6023
BS 643

BS 801

BS 801 B

BS 801 D

BS 801 E

BS 1085

BS 1178

BS 33327

BS 33324
CAPSULE METAL
CERROBASE

COMSOL

CRUSHER

DIN 1707 LPB 985
DIN 1707 LSn 8
DIN 1707 LSn 25
DIN 1707 LSn 30
DIN 1707 LSn 33
DIN 1707 LSa 35
DIN 1707 LSn 40
DIN 1719

DIN 1741 Sb Pb 46

DIN 1741 Sb Pb 59
DIN 1741 §b Pb 85
DIN 1741 5b Po &7
DIN 1741 Sa Po 97

DIN 16512 Pb Sn 3
Sh4

DIN 16512 Pb Sn 3
Shi2

DIN 16512 Pb Sn 4
Shis

DIN 16512Pb Sn 5
Shi

DIN 16512 Pb.Sn §
Sb 28

DIN 16512 P5Sn %
So 17

DIN 16512 Py
S§ni55h4

DIN 16512 ¥ Ph
SnSSb28

DIN 16512V Pb
Sn30Sbé

DIN 17640

DIN 17641
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Nominal analysis, supplicr, condition and remarks,

11% Sb P alloy: Casting; ‘'Regulus metal';
corrosion resistant; machinable
DPN: 17 UTS: 57
125 Sb {min) Pb alloy: Casting: "Regulus Metal';
corrosion resistant; machinable
DPN: 19 UTS: 60
99.8% Pb: Pipe
99.5% Pb: Pipe
0.05% Te Pb: Pipe
3% Sn 15% Sb Pb alloy: Used for capping wire
ropes
95.8% Pb: For cable sheathing
0.9% Sb Pb alloy; For sheathing
0.25% Cd C.5% Sb Pb alloy: For sheathing
0.4% Sn 0.2% Sb Pb alloy: For sheathing
0.004% Ag 0.0045% Cu Pb: Pipe
$9.9% Ph alloy: Sheet & strip for buildirg
12% Sn 13% Sb 1% Cu Pb alloy; Bezring metal
3% Sn 15% §b Pb alloy; Bearing metal
8% Sn Pb alloy: Origin unknown
Bi Pb alloy: Casting for pattern metal; Mining &
Chemical Ltd; can be cast into paper moulds eic.;
melting point 124 °C ;
Ag Sn Pb base soft solder: Mallory Metallurgical;
electrical conductivity 8% IACS; melting point
16'C
UTS: 37  Eon: 0%
Pb base hardened bearing metal for dusty
conditions: Magnolia Anti-Friction Metal Co
UTS: 66
94.5% Pb alloy
8% Sn 0.5% Sb Pb alioy
255% Sn 1.7% Sb Pb alloy
309 Sn 2.0% Sb Pb alloy
33% Sn 2.2% Sb Pb alloy
355 Su 2.3% Sb Pb alloy
40% Sn 2.7% Sb Pb alloy
Pb specification covers various grades pure fead
2% Cu 40% Sn 129 Sb Pb alloy
DPN: 17  UTS: 60  Elon: d%
3% Cu 25% S 13% Sb Pb alloy
DPN:18  UTS:60 Elon: 3%
5% S 10% Sb Pb alloy

DPN: 18 UTS:;:60  Elon: 8%
13% Sb Pb alioy

DPN: 14 UTS: 45 Eoo. 10%
3% Sb Pb atloy

DPN: § UTS: 45 Elor: 20%
3,0% Sn 4% Sb Pb alloy

3% Sn 12% Sb Po alloy: Typemetal
4% Sn 159 Sb Pb alloy

5% Sa 12% Sb Pb alloy

5.5% Sn 25% Sb b alloy

% Sn 17% Sb Pb elloy

15% Sn 4.55 Sb Po alloy

5% Sn 28% Sb Ph clioy

0% Sn 6% Sb P ailoy

Specification covenng grades of lead

+Pb and Pb alloys: Specification covers several
analysis
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Symbol
DTD 885
DURASTICA L

ELECTRO TYPE
ESD32

ESD42
EQQS3TI/R

FLOWER BRAND

HOYT3I M
HOYT4 A
HOYT 30
HOYT 32
HOYT 35
HOYT 40
HOYT 142
HOYT 155
HOYT STAR
hPbl
hPb2
hPbdb
hPbT3a
IBIS
INTERTYPE
METAL

Kb Pb

Kb Pb Sb
Kb Pb Sn 2.5
Kb Pb Te 0.04
LEAD

LEADS A

Nominal analysis, supplier, condition and remarks,

1.5% Ag 1.2% Sn Pb alloy: Solder: meiting range
303-313 °C

Cu Pb Sn base bearing for reciprocating engines:
Eyre Smelting; melting range 1856-350 °C
DFN:31 UTS: % Ebn: 3%

3% Sn 3% Sb Pb alloy: White metal; [urther
information from Lead Development Association
10.0% Co 18.05 Fe Pb alloy: Origin unknown
10.0% Co 18.0% Fe Pb alloy: Origin unknowm
1.5% Ag Pb alloy solder: US Federal; melting
point 34 °C

Pb base graphite impregnated bearing metal:
Magnolia Anti-Friction Metal Co; constant load &
speed =
DPN: 5.5 UTS: 66

Pb base bearing metal: Hoyt

Pb base bearing metal: Hoyt .

3% Sn Pb solder: Comtains up to 1.7% Sb;
meling range 183-255 °C; Hoyt

32% Sn 1.8% Sb Pb solder: Melting range
185243 °C; Hoyt

355 So Pb solder: Melting range 183-255 °C;
Hoyt

40% S Pb solder: Siow setting; may contain Sb;
melting range 183-234 °C; Hoyt

Sn Pb base bearing metal: Hoyt

Sa Pb base bearing metal: Hoyt

Pb base bearing metal: Hoyt

59.595%% Pb: Rod; Light Ltd; high purity metal
99.5999% Po: Shot; Light Lid; high purity metal
$5,9599% Po: Sheet 1 mm thick; Light Lud; high
purity metal

9.995% Po single crystal 6.35 mm diameter X 25
mm: Light Ltd

So Pb base bearing metal for general purpose:
Phosphor Broaze Lid; available n varicus grades
3% Sn 12% Pb alloy: White metal; further
information from Lead Development Association
0.005% Sb & Sn Pb; Designation vsed by German
Standard

0.12% Sn 0.005% Sn Po: Designation used by
German Standard

2.5% Sn Pb alloy: Designation used by German
Standard

0.04% Te 0.005% Sa & Sb Pb: Designation used
by German Standard

Pb: Powder, stick, sheet, wire, foll, etc.;
Blackwell; pure metal

6% Sb P alloy: Wire for spraying; Metco Ltd

LINOTYPE METAL 3% Sn 12% Sb Pb alloy: White metal; further

LOoCO

MAGNOLIA
METAL
MALTEX X No |

information from Lead Development Association
Pb base hardened bearing meta! for dusty
conditions: Magnolia Anti-Friction Metal Co
DPN: 38

Pb base bearing metal: Further information from
the Lead Development Association

8.7% Sn 16.7% Sb Pb alloy: Bearmg metal; Stone
Manganese

S I S e e e e Y ]
Note. The lollowing sbbreviutions and units ure used in the tubles:

DPN
UTsS
Elon
Prool

Hardness, diumond pyramid number
himae temsile strength, Nimm®
Elongation, %

0.1 % proof sirength. N/imm®

| N/mm?=0.1 hbar=0.102 kgl/mm?=0.06475 toaffin?=145.04 Iotfa®

Symbol
MALTEX X No |
A
MALTEX X No 7
MARINE |
MARINE 11
MASCOT
MONOTYPE
METAL

PoSbS

PbSb8

PoShY

Pb SbSX
Pb Sb 12
PLASTIC METAL
PLUMBERS
SOLDER

PM

QQLAA
QLB
QQSs
QQSIND
QQSSTIMDAgLS
QOS5I DAg1S
QQSSTIDAgsS
QQS57IDSas
QQSSDSal0
QQSSTIDSa20
Q55711 D5Sn30
QQ551 DSals
QQSSTIDPa6S
QQSSTI D0

RAILWAY A

Nominal analysis, supplier, condition and remarks.

4% 5n 14% Sb 1% Cu Pb alloy: Bearing metal;
Stone Manganese, as 85 13328

40% Sn 16% Sb 1% Cu Pb alloy: Beariug rnctal
Stone Manganese

4% Sn 14% Sb 19.Cu Pb alloy: Bearing mcta.l.
Stone Manganese; as BS 33328

22.5% Sn 7.7% Sb Pb alloy: Bearing metal: Stone
Mangancse

Sn Pb base meiting metal for general use: Eyre
Smelting; melting range 240-300 °C

DFN:Z3 UTS: 66 Bon: 1%

%% Sn 17% Sb Pb alloy white metal: Further
information from Lead Development Association
&% Sb Pb alloy: Designation used by German
Standard

8% Sh Pb alloy: Dl:nmzuonlnodbyﬁemmn
Standard

8.5% Sb Pb alloy: Dmmunuused byGtrnan
Standard

8.8% Sb Pb alloy: Designation used by German
Standard

12.3% Sb Pb alloy: Designation used by German
Standard ‘

Pb base bearing metal: Further information from
Lead Development Association

33.3% Sn Pb alloy: Further information from Laad
Development Association

99.97% Pb: Refined lead; Plan Metals Ltd

99.9% Pb: Sheet; US Federal

99.55% Pb: Sheet; US Federal

405 Sn Pb alloy: Solder; US Federal

0.45% 3b 40% Sn Po: Solder; US Federal; melting
range 182-238 °C

[.5% Ag 1.0% Sn Pb: Solder; US Federal; melting
point 309 °C

2.5% Ag Pb: Solder; US Federal; mcmng point
XM C

5.5% Ag Pb: Solder; US Federal: melting range
4366 °C

5.0% Sn Pb: Solder; US Federal; melting range
70313 °C

10% Sn Pb; Solder; US Federal; melting range
29-299C

1.0% Sb 20.5% Sn Pb; Solder; US Federal;
melting range 182-277°C

1.6% Sb 30.5% Sn Po: Solder; US Federal;
melting range 182-284 °C

1.8% Sb 35.5% Sn Pb: Solder; US Federal;
melting range [82-246 °C

0.45% Sb 37% Sn Pb: Solder; US Federal; melting
range 182-244°C

0.45% Sb 20% Sn Po: Solder; US Federal; melting
range 182-277 °C

409 Sn 16% b 1% Cu Pb alloy: Bearing metal:
Stone Manganese

REGULUS METAL 6-12% Sb Pb alloy: Casting; see BS 335

RM | METAL
RPb
SAE1A
SAEIB
SAE2A
SAE2B

SAE3A

Pb bas¢ hardened bearing metal for heavy dusty
conditions: Magnolia Anti-Friction Metal Co
0.7% Sb 1.2% As Pb alloy: Designation used by
German Standard

45% Sn 0.4% Sb (max) P alloy: Solder; meling
range 182-227*C

43% Sn 1.7% ob Pb alloy: Solder: melting range
185123 °C

40% Sn 0.4% 5b (max) Pb alloy: Solder; meltung

" range 182-223°C

38% Sn 1.7% Sb Pb alloy: Solder; melting range
185-232°C

30% Sn 0.5% St (max) P alloy: Solder; melting
range 182-254°C

a7



Symbol
SAE3B
SAE4 A
SAE4B
SAESA
SAESH
SAESA
SAE6B
SAETA
SAEB A
SAE9B
SAE 13
SAE 14
SAE 15
SAE 16
SAE 19
SAE 190
SAE 485
SPRABABBITT L

* STEREOTYPE

Nominal analysis, supplier, condition and remarks,

30% Sn 1.0% Sb Pb alloy: Solder; melting range
182-250 °C

25% Sn 0.4% Sb (max) Po alloy; Solder; melting
range 182-266 °C

25% Sn 1.5% Sb Pp alloy: Solder; melting range
185-260 *C

205 Sn 0.4% Sb (max) Pb alloy: Solder; melting
range 182-279°C

20% Sa 1.5% Sb Pb alloy: Solder; melting range

185-266 °C

155 Sn 0.4% Sb (max) Pb alloy: Solder; melting
rangs 124-290 °C

15% Sn 2.7% Sb (max) Fb alloy: Solder; melting
range 224-29G°C

SO0% S 0.4% Sb (max) Po alloy: Solder; meling

range 182-216°C

35% Sn 0.4% Sb (max) Fo alloy: Solder; meiting
range 182-245 °C

2.7% Sn 5.2% Sb Pb alloy: Solder; melting range
240-290 °C

6% Sn 109 Sb Pb alloy: For bearings

10% Sn 15% Sb Fb alloy: For bearings

1% Sn 15% Sb Pb alloy: For bearings *

4.5% Sn 3.5% Sb Po alloy: For bearings; cast
on a sintered marriz

10 Sn Pb alloy: For bearings; this alloy is
electroplated onto Cu or Ag based bearings

7% Sa Pb alloy: For bearings; this alloy is
electroplated pato Ca or Ag based bearings

3% Sn 46% Cu Pb alloy: For bearings; cast on (o
steel or sintered backing

0.25% Cu 109 Sn 13% Sb Pb alloy: Wire for
spraying; Metco Lid

6% Sn 165 Sb Pb alloy: White metal; further
information {rom Lead Development Association

- Symbol

STATLBI
STA7LB2
STATTB2A
SX 25

TANDEM HDL

TANDEM RM

TANDEM SC
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Nominal unalysis, supplier, condition and remarks.

'Pb base bearing metal: Obsolete

Pb base bearing metal; Obsolete; *Magnola Metal®
Pb base bearing metal: Obsolete; ‘Babbit'

0.25% Cu 2.5% Ag Pb alloy: Solt solder; Sheffield
Smelting; melting range 302-305 °C

DPN: 80  UTS: 37 Eloa: 45% Proof: 13
Pb base bearing metal: For shock loads; Eyre
Smelting; liguidus 350 °C

DPN: M UTS:%  Elom 1% )

Pb base bearing metal: For shock loads; Eyre
Smelting; liquidus 350 °C

DPN:31  (UTS: 8 Eboa: 3%

Pb base bearing metal: For Jow speed high duty;
Eyre Smelting; liquidus 300 °C

DPN:ZT UTIS:75 Eoxl%

UNS L05001-L05999 Lead based alloys: American Standard System

VP SnS5Sb28
YPSndsShe

W E WATSON
BRAND

5% Sn 28% Sb Pb alloy: Designation used by
German Standard”

30% Sn 6% Sb Pb alloy: Designation used by
German Standard

Sn Pb base bearing metal: For heavy duty
purposes; Eyre Smelting; mehting range 240-370 °C
DPN: 30 UTS: 67 Eba: 1%

" Nate. The following abbreviations and units are used in the tables:

DeN Hardness. diamand pyramid number
urs Ultimate tensile swength, Nfmm*
Bon Elongation, % .
Preol 0.1 % proof strength, N/mm’

1 N/mm®=0.1 hbar=0.102 kef/mm?=0.06475 tonlfin®=145.04 [t4fin*
T ST e e T T T e S e




Tin Sn

Physical properties =
Atomic number

Atomic weight

Crystal structure

Colour

Specific gravity

Density

Melting point

Boiling point

Specific heat

Thermal conductivity

Coefficient of linear expansion (20-100° C)
Latent heat of fusion

Latent heat of vaporization

Thermal neutron absorption cross-section

50
118.7
zlpha Tetrahedral cubic — 18 °C

49

beta Body-centredtetragonal — 18-161°C

gemma Close-packed hexagonal — 161 °C

Bright white
alpha 5.81
beta 7.29
gamma 6.56
alpha 5810 kg/m’ (0.21 ILbfin?})
beta 7290 kg/m’ (0.26 IbAin.})
gamma 6560 kg/m’ 0.236 Ibfin.%)
231.84 °C
2270 °C "
0.234 J/g °C (0.056 callg °C)
63.2 Wim°C (15.1 cal/m s °C)
23.8 x 10% °C
59.51/g (14.2 callg)
2399 1/g (573 cal/g)
0.65 barns/atom

Electrical conductivity 14% 1ACS (copper 100%)

Specificresistance 1150 microhm mm

Temperature coefficient of electrical resistance 0.0044/ °C

Electrochemical equivalent - g/AM

Electrode potential 014V

Magnetic susceptibility -0.25 x 10%

Young's medulus of elasticity 41.4 x 10° N'm? (6 x 10° Ibffin.%)
Tensile strength 220 N/mm? (15 tenffin.?)
Hardness - DPN

General notes on tin

Tin is never found in the pative state but deposits of the
oxide ore — called tinstone — are widespread throughout
the world. These deposits are seldom large and it is be-
coming progressively harder to win the ore.

Metal of 99.75-99.99%% purity is commonly available,
the most undesirable elements being lead, arsenic and
bismuth, all of which embrittle tin.

The metal is silver-white and although it rapidly loses
its original lustre it does not readily tamish or discolour in
air. It is a soft, ductile metal, being readily cut by a knife,
and in the pure state is not subject to celd work. When
block tin or tin pipes are bent a characteristic noise known
as ‘tin creak’ is heard.

Tin is capable of being rolled into very thin sheets, but
owing-to its low strength cannot be drawn into thin
wire. .

The present high cost of tin prevents it being used for
many purposes for which it is eminently suitable. The
complete freedom from toxicity and its exireme ease of
manipulation make it ideal as food and drink containers
and at one time water pipes.and 'silver’ paper were made
in pure tin.

The largest single use of tin is to coat steel shest which
is subsequently used to manufacture the well-known "tins’
used to store all types of food and drink. Although plast-
ics and, to a greater extent, aluminium are now entering
this field, tin plate remains the most economical and one
of the commonest means of permanently storing foods of
all kinds.

Tin can be applied 1o sheet steel, cast iron, aluminium,
copper and its alloys generally by dip tinning after clean-
ing and fluxing, but also by elecuoglating and metal
spraying techniques.

The low melting point, high fluidity and good wetting

‘properties ensure excellent coverage by dip tinning, while

the position of tin in the electrochemical ssries ensures
that it sacrifices itself to protect the basc metal if there is
any break in the coating. Tin has comparable corrosion re-
sistance in most atmospheres 1o zinc and cadmium
without any danger from toxicity.

Apart from use in food containers, tin is used to coat
copper conductor wires to prevent corrosion and ease the
soldering of connections. Pure tin is aiso used to coat
bearing shells and moulds prior 1o white metalling, and
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electrical connections of all types before soldering.

A limited quantity of pure tin piping and foil is still used
for piping beer and wrapping foods, such as certain
cheeses which corrode aluminium foil, but in general
stainless steel and plastics have taken over in these
fields.

About 50% of all tin mined is used for these purposes,
while the remainder goes to the many alloys which use tin.
The tin based alloys are described in the section follow-
ing, but in addition it is a valuable alloying element, par-

ticularly in conjunction with copper. The copper-tin al-

loys take the generic name ‘bronze' and are used where
bearing properties, strength and corrosion resistance are
required. The alloys are discussed in more detail under
Section 14, particuiarly Section 14K.

Tin is also commonly found in lead alloys where it is
used to strengthen. Small quantities increase the creep
strength of lead while the lead-tin solders cover a wide
range of analysis for a variety of purposes relating to
melting temperatures, corrosion resistance and strength.
In general the higher the tin content, the higher duty the
alloys.

Symbol Nominal analysis, supplier, condition and remarks.

ASTM B339 99-99.8% Su: Pig; primary metal; covers § grades

BANKA 0.03% Pb 0.006% Cu 0.014% As 99.935% Sa:
Brand name; further information from Tin
Research Instipute

BS32TI 99.95% Sn: Ingot; high purity tin

BsRT2 99.75% Sn: Ingot; refined tin

BSR2T3 99.0% Sn: Ingot; common tin

CORNISH 0.065% Pb 0.34% Cu 0.03% As 99.82% Sn: Brand

REFINED name; further information from Tin Research
Institute

E S COY L 0.03% Ph 0.012% Cu 0.031% As 99.8%% Sn:
Brand name; further information from Tin

! Research Institute

HAWTHORNE 0.028% Pb 0.028% Cu 0.029% As 99.891% Sm:
Brand name; further information from Tin
Research [nstitute ;

HERBERTON 0.18% Pb 0.03% Cu 0.037% As 99.715% So:
Brand name; further information from Tin
Research Institute

LAMB & FLAG 0.38% Pb 0.025% Cu 0.02% As 99.56% Sn: Brand
name; further information from Tin Research
Institute

LAMB & FLAG 0.763% Pb 0.03% Cu 0.029% As 99.128% Sn:

COMMER Brand name; further information from Tin
Research Institute

LONGHORN 3 0.04% Pb 0.03% Cu 0.024% As 99.86% Sn: Brand

STAR name; further informaticn from Tin Research
Institute

MELLANEAR 0.037% Pb 0.009% Cu 0.003% As 99.915% Sa:

GUAR 59.9 Brand name; further information from Tin
Research [nstitte

MELLANEAR 0,065% Pb 0.022% Cu 0.025% As 99.827% Sn:

REFINED Brand name; further information from Tin
Research Instinte

M&T 0.008% Pb 0.001% Cu 99.98% Sn: Brand name;

ELECTROLYTIC further information from Tin Research Association

M&TNol 0.01% Pb 0.001% Cu 0.0165% As 99.96% Sn:

Brand pame; further information from Tin
Research Instinite

20

Tin is also added to lead based bearing alloys where: it
increases the load bearing properties and reduces the fric-:
tional coefficient. :

It is of interest that tin added to lead almost always has
a beneficial effect, whereas lead added to tin results in de-
l::terious embrittlement and reduction in other proper-
ties.

Some zinc/tin and nickel/tin alloys are available which
find most use as electrodeposits where an attractive sil-
ver-type lustre is desired. The nickel-tin deposit can have
the analysis adjusted to give a bright plate which requires
very little polishing. These deposits are ralatively expen-
sive.

There is no doubt that tin would find considerably more
use if the price could be reduced. This is unlikely as tin is
readily and economically obtained from its ores which are
scarce and difficult to win. Tin has been used by mankind
for centuries and the discovery of new easily obtained ore
deposits is therefore highly improbable.

Following are listed the brand names and availabie in-
formation on pure tin.

Symbol Nominal analysis, supplier, condition and remarks.

PASSNo 1 0.001% Pb 0.0002% Cu 0.003% As 99.975% Sn:

Brand pame; further information from Tin

Research Institute

0.048% Pb 0.022% Cu 0.043% As 99.85% Sn:

Brand name; further information from Tin

Reszarch [nstitute

0.011% Po 0.001% Cu 0.0045 As 95.972% Sn:

Brand name; further informatioa from Tin

Research Association

0.002% Pb 0.012% Cu %2.955% Sn: Brand name:

further information from Tin Research Association

TIN Sn: Ingot, sheet, sponge, etc.; Blackwells;

primary metal

0.04% Pb 0.03% Cu 0.03% As 99.8% Sn: Brand

name; further information [rom Tin Research

Institute

0.C56% Pb 0.019¢ Cu 0.008% As 99.87% Sn:

Brand name; {urther informatioa from Tin

Research lustitute

0.12% Pb 0.013% Cu 0.006% As 99.566% Sn:

Brand pame; further informatica from Tin

Research Institute

™ 0.09% b 0.04% Cu 0.063% As 99.78% Sn: Brand
name; further information from Tio Research
Institute

PYRMANT

REGIS
ROSE
TOYC

TULIP

UMHK

w-_—-—_
Note. The fellowing abbreviations ard units are used in the tables:

DPN ‘Hardness, diamond pyramid number
UTs Uliimare tensie strength, Nimm
Eon Elongation, % st

Frool 0.1 % proof sireneth, Nimm’

| N/'mm*=0.1 hbar=0.102 kgf mm*=0.06475 tonf/in’=145.04 IbLin?
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Tin alioys

Specific gravity 7.35-7.95
Density 7350-7950 kg/m’ (0.266-0.287 Ib/in.%)
Solidusfliquidus 185-370 °C
Thermal conductivity -Wim °C
Coefficient of Imear expansion -/°C
Electrical condectivity =
Specific resistance — microhm mm
Young's modulus of elasticity - N/m?
Impact -
Hot strength
Temperature Tensile strength
Ji.5 N/mm?

20 31
100 16
150 9

The above properties are typical of the following group,
and may not apply exactly to any one specification. It is
possible that with certain specifications some of the
values may not be applicable.

General metafiurgical characteristics

Tin based alloys are expensive and thus are only used
when their properties cannot be repreduced using cheaper
metals or other methods. Both the principal uses of the tin
alloys also employ lead based alloys which are much
cheaper. The {irst and greatest use of tin in the alloy form
is as solder. This always has some lead present and may
have other elements added for specific purposes.

In general the high tin solders have better corrosion re-
sistance and are stronger than the high lead varieties. Sil-
ver increases the strength at temperature. The tempera-
ture range over which solders melt is of considerable im-
portance as this decides the workability of the metal.
Where high streagth, mass produced articles are joined by
soldering, a shert solidification range is generally desir-
able to prevent movement and give speedy joins. Where it
is necessary lo work the solder during solidification, as
with plumbers’ or electricians® wiped joints, a long slow
solidification range is essential. The alloy content decides
the liquidus/solidus points and hence the choice of alloy
for any particular use.

The second largest use for tin alloys is as a bearing -

meral where it again has lead as a second best competitor.
Tin bearing alloys must be low in lead to prevent em-
brittlement, generally have under 0.5% lead with up to
109 antimony and 5% copper. _

Tin has an excellent frictional coefficient, and even

when alloyed is soft enough to accept grit particles, which

become embedded and coversed with tin, causing little or
na scoring. There appears to be some affinity between tin
and oil which coasiderably aids the tin bearing metals and
aliows them to run for longer periods in oil-starved con-
ditions than most other bearing alloys.

There is also a considerable increase in temperaturs
characteristics over the lead bearing alloys. Except for
low load high speed duties, the tin bearing alloys must al-
ways be supported by a stronger metal shell on to which
they are cast. The bond of tin alloy to ste<l or bronze must
be excellent to prevent exfoliation and failure by pluck-
ing. Tin alloy bearings are now being repiaced with new
design bearings and alternative materials.

Thermal treatment

None of the tin alloys can have any of their characteristics
altered by any form of thermal treatment. Because of
their relatively low melting point, it is possible to cast tin
bearing alloys on to heat treated steel shells. Frovided
care is taken it is even possible to cast on to steel which
has been case hardened. It is not possible to carry out any
useful form of heat treatment on the steel backing after
casting the tin alloy without the danger of re-mclting the
tin.

Welding and brazing

These alloys melt far below the temperatures generally as-
sociated with the terms ‘welding and brazing’. They can
however, be very readily joined by the heat fusion pro-

‘cess, and large bearings may be repaired by this method.

As stated above many of the alloys are solders used to
join other metals where temperature of use and joint
strength are low. The techniques for casting the metals,
repairing by melting and soldering are generally similar,



TIN ALLOYS

All traces of oxide, oil grease and dirt must first be re-
moved, particular care being taken when the tin alloy has
to be bonded to steel. The final cleaning is often carried
out by means of a flux, but this must not be relied upon to
remove excessive dirt or oxide. The cleaned surface is
then ‘tinned” using pure tin or a high tin solder, either by
dipping in the moiten metal or rubbing the heated part
with a stick of sclder. It is the quality of this tinned layer
which largely decides the standard of the final bond.
Good quality fluxes considerably help this operation but
may be acid in nature, resulting in subsequent corrosion
unless carefully removed.

The final operation is the casting or soldering, depend-
ing on the function. This will vary from each part but in
general it can be said that best results are obtained when
a temperzture just above the melting point of the tin alloy
is used. The base metal should be at almost the same tem-
perature, with rapid quenching as soon as solidification
commences.

Flaw detection methods

Crack test. Oil penetrant chalk test. By carefully selecting
the method of machining it is generally possible to prove
the quality of the tin alloy casting by chalk testing at a
stage where it can be easily re-cast if porosity or faulty
bonding is present.

X-ray. Not réquircd, except on special purpose high duty
bearings.

Ulira-sonic test. This can be used on some bearings after
rough machining to prove that the bond is satisfactory.
This will also show porosity.

Synibol Nomiral analysis, supplier, condition and remarks,

23820 11% Za Sa alloy: Working temperature 210 °C;
German Standard

2.3830 40%% Zn Sn alloy: Working temperature 260 *C;
German Standard

2.3852 45% Pb 10% Zn + Cd Sn alloy: Working
temperature 220 °C; German Standard

Al Tin base white metal: For diesel engine bearings;
Anti-Atrrition Ltd

A Tin base white metal: For marine petrol engine
bearings; Anti-Attrition Lid

A139 Tin base white metal: For railway carriage
bearings; Anti-Attrition Ltd

A7 Tin base white metal: For electric motor bearings;
Anti-Anrition Ltd

Al Tin base white metal: For electric motor bearings;
Ant-Artrition Lid

ADASTRAL A" 3% Cu 4.5% Sb Su alloy: Bearing metal; Stone
Manganese for BS 333211

AERO No 2 Sn base Pb fres bearing metal: High load; high

speed: Magnoiia Anti-Friction Mewl Co
P T R Y e T YT e T

Note. The following abbreviations und unils are used in the mbles:

DPN Hardnuss, diamond pyramid number
LTS Uliimare tensie strength, N/mm®
Hon Elongation, %

Prool 0.1 % picol sirength, NJmm®

1 Nimm®*=0.1 hbar=0.102 kelimm?®=0.06475 tonf/in’=145.04 Iblfin®
m
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Chemical etch. Not required.

Corroslon protection

Temparary. None required for tin alloys. The base metal
will require to be treated in the same manner as that de-
scribed in the appropriate section. Farticular care must be
taken if fluxes have been used as these are often of a very
COITOSIVe nature,

Permanent. No protection required for tin alloys which
have excellent corrosion resistance to all except certain
acids. The low melting point however, restricts the use of
stove enamels in many cases and it must be remembered
they are very often used in conjunction with mild steels
which have very poor corrosion resistance.

Machinabllity

Tin alloys are subject to the same difficulties as all soft
metals in that they tend to tear rather thap cut.

Tools must be sharp and only single point cutting
should be attempted. High speeds with low tool pressures
and copious coolant as a lubricant give best results.

Uses

Solders for high duty, high strength, corrosion resistant
purposes. For tinning before casting lead or tin based
bearing metals. ]

Bearing metals for high duty purposes where the tem-
peratures and pressures do not warrant the use of copper.
base alloys. The tin alloys have superior self-lubricating
properties to all other common metal bearing alioys.

Symbol
ALGER METAL

Nominal amalysis, supplier, condition and rernarks.

Gn Sb alloy containing 10% Sb 0.3% Cu Sn alloy:
Source unkaoown
ALGIERS METAL 109 Sb 0.3% Cu Sa alloy: Source unknown

ALICIA Sn base bearing metal: Medium duty; Magnolia
Anti-Friction Mzl Co

AMS 4800 A 4.55 Cu 4.55% Sb So alloy: Bearing metal;
*Babbit’

ARGENTINE 14.5% Sh Sn alloy: For toys; source unknown

METAL

ARGENTINE 15% Sb Sn alloy

METAL

ARMA Sb Cu Sn base beanng metal: For high duty
Yoads; Phosphor Bronze Co

ARSENIC-TIN $% As Sn alloy: Blackwels; primary metal

ASHBERRY 1655 Sb 3% Cb 2% Zn Sn alloy: White metal;
information from Tin Research Institute

ASTM BZ3I 4.5% Sb 4.5% Cu 0.3% Pb Sn alloy: Bearing
metal; melting point 223 *C; compressive strength
%0 Nfmm?

: DPN: 17

ASTM B232 7.5% Sb 0.3% Pb 3.5% Cu Sn alloy: Bearing
metal; melting point 241 °C; zempressive strength
100 N/mm?
DPN: 4 i

ASTM B113 8% Sb 0.3% Pb 3% Cu Sn alloy: Bearing metal;
melting point 240 °C: compressive strength 120
Nimm?
DEN: 27

ASTMBSZS0 A S0% Pb Sa: Solder: melting range 183-215°C




Symbal
ASTM B32S0 B

ASTM B3260 A
ASTM Bi2&0 B

ASTM B3263 A
ASTM B3263 B

ASTM B3270 A
ASTM B32T0 B

ASTM B3255 TA
ASTM B102 CYHA
ASTM B102
PYIBI5A

ASTM BI0Z
YCI35A

ATLAS
ADMIRALTY A"

ATLAS

ADMIRALTY ‘B’

ATLAS AMACOL

ATLAS D8

ATLAS DD

ATLAS DG

ATLAS FDS

Nominal analysis, supplier. condition and remarks.

50% Pb 0.3% Sb Sn: Solder; melting range
183-216 °C

40% Pb Sn: Solder; melting range 183-190*C
40% Pb 0.3% Sb Sn: Solder; melting range
1831950 °C

37% Pb Sn: Solder (eutectic solder); melting point
183°C

37% Pb 0.3% Sb Sn: Solder (eutectic solder);
melting point 183 °C

30% Pb Sn: Solder; melting range 183192 °C
30% Pb 0.3% Sb Sn: Solder; melting range
183-192 °C

5% Sb Sn: Solder; melting range 234-240 °C
4.5% Sb 4.5% Cu Sn alloy: Bearing metal

15% Sb 18% Pb 2% Cu 3n alloy: Bearing metal

13% Sb 5% Cu Sn alloy; Bearing metal

Zn Sn base bearing alloy: For stem tube bearings;
Eyre Smelting Co.; melting range 200425 *C;
compressive strength 60 Nimm?

DPN:3  UTS: 75

Sn base Pb free bearing metal: For sieam
turbines; Eyre Smelting Co; melting range
240-325 °C; compressive streagth 70 N/mm?*
DPN:31 UTS: %0

Pb Sa base bearing alloy: For reciprocating
engines; Eyre Smeliing Co; melting range 190-370
°C; compressive strength 70 M/mm?

DPN:¥  UTS: W

Sn base bearing metal: For diesels; Eyre Smelting
Co; melting range 240-405 °C; compressive
strength 70 N/mm?

DPN:35  UTS: %0

Cn Sa base Pb free bearing metal: For diesals;
Eyre Smelting Co; melting range 240-370 *C;
compressive strength 70 N/mm?®

DPN:32 UTS: 0

Sn base bearing metal: For diesels; Eyre Smelting
Co; melting range 230-376 °C; compressive
strength 70 N/mm? A

DPN:T UTS: %

Sn base Pb free bearing metal: For steam
turbines; Eyre Smelting Co; melting range
240-330 °C; compressive strength 70 N/imm?
DPN:32  UTS: 90

ATLAS INFRANGA Sn base Pb free bearing metal: For high speed

© ATLAS TENAXAS

AUTO °C

BABBITT

diesals, Eyre Smelting Co; melting range 246-330
*C; compressive strength 70 N/mm?

DPN:32 UTS: %

Pb So base bearing alloy: For reciprocating
engines; Eyre Smelting Co; melting range 186-340
*C; compressive strength 70 N/mm?

DPN:3  UTS: &

4% Pb 11% Sb 4% Cu Su alloy: Beaing metal;
Stooe Manganese for BS 333273

5b Cu Pb Sn white metal bearing alloys:
Information from Tin Research Institute

T T TS e T TRy o AR
Note, The followise abbreviations and units are used in the tables:

DPN
LTS
Elon
Proof

Hardness, diamond pyramid number
Uhtamate tenside strength, Nimm’®
Elongation. %

0.1 % proof srength. Njmm’

1 N/mm®=0.1 hbar=0,102 kgfmm?=0.06475 toni/in®=145.04 Ib{fin?

Symbal

LA3BITT No |

BRITTANIA
BS2B 2!

BS28 22

BS 21995 A

BE 2194
BS 2{9E
BS 219F
BS 219K
BS 3221
BS 33322
BS 31328
BS 13324
BS 33325
BS 33326

BS 32329
CERROBEND

CERROMATRIX

CERROSEAL - 35

CERROTRU

TIN ALLOYS -

Nominal analysis, supplier, condition ard remarks,

Sn base bearing metal: For high speed use; Eyre
Smelting Co; meiting point 376 °C

DPN:33 UTS:%0  Elon: 5%

% 5b 2% Cu Sn alloy: White metal; information
from Tin Research Instimute

4% Cu 9% Sb Sn alloy: White metal; bearing
metal

4% Cu 4% Sb 0.3% Ni Sn alloy; White metal;
bearing metal

5% Sb 0.07% Pb Sn alloy: Solder; melting range
226-241°C

35% Pb 0.6% Sb Sn alloy: Solder; melting range
183185 °C

47% Pb 2.7% 5b Sa alloy: Solder; melting range
185-204 °C

50%% Pb 0.5% Sb (max) Sn alloy: Solder; melting
range 183-212 °C

40% Pb 0.5% Sb (max) Sn alloy: Solder; meling
range 183-188 °C

7% Sb 3% Cu Sa alloy: Bearing metal

9% Sb 4% Cu Sn alloy: Bearing metal =
0% Sb 5% Cu 4% Pb Sn alloy; Bearing metal
1296 Sb 35 Cu 10% Pb Sn alloy: Bearing metz]
755 §b 3% Cu 15% Pb Sn alloy: Bearing metzl
10% Sb 3% Cu 27% Pb Sn alloy: Bearing metal
1.5% Cu 30% Zn Sn alloy: Bearing metal

Bi Cd Pb S alloy: Casting filler metal for tube
bending; Mining & Chemical Products Lid; melii~g
point 70 °C; expands on solidification

Bi Sb Pb Sn alloy: Casting for short ruan dies;
Mining & Chemical Products Ltd; melting range
102-227 °C; expands on solidification :
50% Ta Sn alloy: Mining & Chemical Products
Lta; melting range 117-127 °C; for fusible links
Bi Sn alloy: Casting for pattern metal; Mining &
Chemical Products Lid; melting poiat 137.5 °C;
no volume changes on solidification

CONDENSER FOIL 15% Pb 2% Sb Sn alloy: Used as the diclectric in

CUSIL
DECARBONIZED
CUSIL VT

CY #4A
BE
DIN 1704

DIN 1707 L 5n 50
DIN 1707 L Sn 60

++ DIN1707 L Sn %0

DIN 1742 Sg Sn 50
DIN 1742 S Su 60
DIN 1742 g Sn 70
DIN 1742 53 Sa 75
DIN 172 5¢ Sa 78

DIN8512

LSuPbZn
DINgSI2

LSnZnl0
DINESI2

LSnZa i)
DSYL

electronic industry; origin unknown

20% Cu Ag alloy: Free of trapped carbon;
melting point 780 °C; Brazing alloy; Wesgo
2052 Cu Ag alloy: For brazing; meliing point 780
°C; Wesgo

4.5% b 4.5% Cu Sn alloy: Designation used by
ASTM

Sn base Pb {ree beaning matal: High load:; high
speed; Magnolia Anti-Friction Metal Co
99.0% Sn: Supplied in four grades

44% Pb 3.3% Sb Sn alloy

35% Pb 3.5% Sb Sn alloy

8% Pb 1.3% Sb Sn alloy

4% Cu 33% Pb 13% Sb Sn alloy

DPN: 26 UTS: 45  Elom 2%

4% Cu 23% Pb (3% Sb Sn alloy

DPN: 23 UTS: 45 Elon: 1.5%

5% Cu 109 Pb 159 Sb Sn alloy

DPN: 30 UTS: 100 Elon: 1%

5% Cu 3% Pb 17% Sb 5n alloy

DPN: 30 UTS: 100 Elon: 1%

4% Cu 1% Pb 17% Sb Sn alloy )

DPN: X0 UTS: 18¢  Elon: 3%

45% Pb 109 Zn + Cd Sn alloy: Working
temperature 220 °C

11% Zn Sn alloy; Working temperature 210 °C

40% Zn Sn alloy: Working temperature 260 °C

75 Cu 9% Sb 0.3% Pb Sn alloy: Bearing metal;
Stone Manganese for BS 33322
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Symbol Nominal analysis, supplier, condition and remurks,

DTD 214 1.5% Cu 7% Sb 5% Cb Sn alloy: White metal;
suitable for bearings

DTD 244 6% Cu 6.5% 5b 0.5% Ni Sn zlloy: White metal;
suitable for bearings

hsnl 99.9999% Sn: Bar; Light Ltd; high purity metal

bS50 73 99.99% Sn: Single crystal; 25 mm X 2§ mm;
Light Ltd

HOYT 11D Sb Cu Sn base bearing metal: Hoyt Lid

HOYT 11IR Sn base Pb free beanng metal: Hoyt Lid

HOYT 1123 Sn base Pb free beaning metal: Hoyt Lid

HOYT 38 $b Cu Sn base bearing metal: Hoyt Lid

HOYT T Sb Cu Sn base bearing metal: Hoyt Ltd

HOYT 133C Sn base bearing metal: Hoyt Lid

HOYT [56B ' Sn base bearing metal: Hoyt Ltd

HOYT 175 Sn base bearing metal: Hoyt Lid
DPN:37 UTS: 80  Elonm: 1.5%

HOYT BLOWPIPE 35.5% Pb Sn: Solder; quick setting; meiting range

SOLDER 183-185 °C; Hoyt

HOYT FIFTY 50% Pb Sn: Solder; may contain Sb; melting range
183-212 °C; Hoyt

HOYT MARINE A  Sn base bearing metal: Hoyt Ltd

HOYT SIXTY 40% Pb So: Solder; melting range 183-183 °C;
Hoyt

HOYTICE Sn base bearing metal: Hoyt Lid
DPN: 2T UTS: 85 Eloe: &%

LSn50 465 Pb 3.3% Sb Sn alloy: Designation used by
German Standard

L Sa60 45% Pb 3.2% 5b Sn alloy: Designation used by
German Standard

L Sn 50 8% Pb 1.3% Sb Sn alloy: Designation used by
Germaan Standard

LSnPbZa 45% Pb 10% Zn + Cd Sa alloy: Designation used
by German Standard

LSaZal0 11% Zn Sa alloy: Designation used by Cerman
Standard F

L5aZn40 40% Zn 5n alloy: Designation used by German
Standard

LION BRAND % Cu 5% Sb Sn alloy: White metai; Blackwells;
marine; main bearings

LM I0A Ag Cu Sa alloy: Soft Solder; Johnson Methay;
electrical conductivity 13% 1ACS; melting rage
24-275°C

UTS: 70 Elon: 6%

NAVY 4% Cu 5% Sb 15% Pb Sn alloy; Bearing metal;
Stone Manganese for BS 33325

No 75 Sn base bearing metal: High speed; medium load;
Magnolia Anti-Friction Metal Co
DPN: 28 UTS: 30

OE | METAL Sn base bearing metal: High speed: medivm load;
M-znolia Anti-Friction Metal Co

OE 2 METAL Sn base bearing metal: Medium duty; Magrolia
Ant-Friciion Metal Co

PEWTER 12% Pb Sn ailoy: White metal; information from
Tin Research Instituta

PLUMBSOL Ag Sa base soft solder: Johnson Matthey;
electrical conductivity 13.3% IACS; melting rongs
n1-1n5C

UTS: 2.5 Eon: &%
PY 1815A 15% Sb 18% Pb 2% Cu Sn alloy: Designation

used by ASTM range

Note. The lollowing abbreviations and units are used in the Lables:

DPN Hardness. diamond pyramid number
uTs Ultimate tensile sirength, N/mm®
Elon Elongation, 5

Proof 0.1 % proof strength, N/mm’

1 Nimm2=0.1 hbar=0.102 kglfmm?=0.06475 tonf/in®= 145.04 Ib{fin?
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Symbol

QQ ¥ 151N
M M6
QQ M 1613
QQ M 161/4
QQ M 16175

QUSSTLA
QQS S Sn &

QQS5T1d P 70
QS 5Tid Sb s
QQ £ 5745050
Q3 S 571d Sn 62
GQ 8 571d Sn 63
0Q 5 57id Sn 70
QQS57d sn 5%
RAILWAY C
SAE10

SAE 1

SAE 12
Sgtn%0
SgSn &0
SgSn 70
SgSn7s
SgSnT8

SILVER BABBITT
SOVEREICH 8TS
SOVERCIGN TS

SPRA BABBITT
STATTBIB
STA7TE2
STERN TUBE

METAL
SX4

TANDEM DE
TANDEM HP

TANDEM ME

1
.

f
¥

Nomina! analysis, supplier, condition snd remarks.

4,09 Sb 4.09% Cu Sn alloy: For bearings; US
Federal

7.5% Sb 4.0% Cu Sn alloy: For bearings; US
Federal

8.09% Sb 8.0% Cu 0.3% Pb Sn alloy: For bearings;
US Federal

13% Sb 5.5% Cu 0.2% FPb Sn alloy: For beariags;
US Federal

10% Sb 3.0% Cu 25% Fb Sa aboy: For bearings;
US Federal

50% Pb Sn alloy: Solder; US Federal

0.45% Sb 40% Pb Sn: Solder; US Federsl,
mlting range 182-189 °C

0.45% Sb 31% Sn: Solder; US Federal; melting
range |82-154 °C

5.0% Sb Sn: Solder; US Federal; melting rargs
232-240°C

0.45% Sb 50% Pb Sn: Solder; US Federal;
melting range 182-216°C

0.45% Sb 38% Pb Sn: Solder; US Federal;
melting range 177-189 °C

0.45% Sb 37% Pb So: Solder; US Federal;
melting point (82 °C

0.45% Sb 29 Pb Sa: Solder; US Federal;
melting range 182-193 °C

0.1% Pb fmax) 4.0% Ag Sa: Solter; US Federa!;
melting point 221 °C

5% Pb 11% Sb 4% Cu Sn alloy: Bearing metal;
Stone Manganese [or BS 333273

4.5% Cu 4.5% 5b Sn alloy: For bearings

5.7% C1 6.7% Sb Sn alloy: For bearings

3.5% Cu 7.5% Sb Sa alloy: For bearings

4% Cu 31% Pb 13% 5b Sn alloy: Designation ssed
by German Standard

4% Cu 23% Pb 13% Sb Sn alloy: Designation usad
by German Standard

59 Zu 10% Pb 15% Sb Sn alloy: Designation us:d
by Gzrman Standard

5% Cu 3% Pb 17% Sb So alloy: Designation used
by German Standard

4% Cu 1% Po 179 Sb Sa alloy: Designation ussd
vy German Standard

Ag Cd Ni Sn base bearing meral: Highest duty;
Magnolia Anti-Friction Metal Co

DPN: 33.6

3.0% Cu 8.9% Sb 1.1% Cd Sa alloy: Bearing
metal; Glacier Metals Co

DPN:30 UTS:58 Elom15%  Prook &4
8.3% Sb 3.0% Cu 1% Cd Sa: Bearing metai;
Glacier Metals

DPN: 30  UTS: 100 Eloa: 16% Proof: 20
3.5% Cu 0.25% Pb 7.5% Sb Sa alloy: Wire for
spraying; Metco

B% Sb 8% Cu 0.3% Pb Sa alloy: Bearing metal;
obsolete

Sn base bearing metal: Obsolete

309 Zn 1.5% Cu So alloy: White metal;
information from Tin Research Instine

4% Ag Sn alloy: For soldering; Sheffield
Smelting Co; melting range 221-224 °C

DPN: 14  UTS: 30 | Elom: 4% Pt &
Sn base bearing metal: For reciprocating engiony,
Eyre Smelting Co: melts 22 315 °C

DPN: 1T UTS: 89 Pl 4%

Sn base bearing metal: For reciprosating sngines:
Eyre Smeiting Co; melts at 330 °C

DPN: 32 UTS: 8 Eloa: €%

Sn base bearing metal: For high speed use; Eyre
Smelting Co: melts at 370°C

DPN:32 UTS: ™ Elape 6%



Symbol
TANDEM ML

TANDEM PLUS

TC

TCS

TENAXAS Al

© TINMANS
SOLDER
TURBEX
UNDER-WATER

VULCAN

Nominal analysis, supplier, condition and remarks.

Sn base bearing metal: Far high speed use; Eyre
Smelting Co; melts at 340 °C
DPN:30 UTS: 80  Eoa: 3%
Sn base bearing metal; For reciprocating enginzs;
Eyre Smelting Co; inelts at 330°C
DPN: 33 UTS: %  Elom: 16%
Ag Cd Ni Sn base bearing metal; Highest duty;
Magnolia Anti-Friction Metal Co

UTS: 95
Ag Cd Ni Sn base bearing metzl: Highest duty;
Magnolia Anti-Friction Metal Co; silver 'Babbitt’
DPN: 33.46
Pb Sn base bearing metal; For reciprocating
engines; Eyre Smelting Co; melting range 186-340
°C
DPN:30 UTS: 3  Eboop: 3.5%
33.3% Pb Sn alloy: White metal: Information from
Tin Research Institute
Sn base Pb free bearing metal: High speed; high
load; Magnolia Anti-Friction Metal Co
DPN:; 255 UTS: 80
30% Zn 1.5% Cu 0.5% Pb 0.5% Sb Sa alloy:
Bearing metal; Stone Mangznese for BS 33329
Sn base bearing metal: For high duty loads;
Phosphor Bronze Lid

Svinbol
WAGNER'S
ALLOY

WARNE'S METAL
WELCH'S ALLOY

WAMATO METAL

YC 1354

ZINN

TIN ALLOYS
Nominal analysis, supplier, condition and 1cuafa.

10% Sb 1% Cu 3% Zn 0.8% Bi Sn aftoy: Odghn
unknown

2675 Ni 26% Bi 11% Co So alloy: Used for
jewellery; origin unknown

48% Ag Sn alloy: Used for dentzl purposes;
origin urknown

4.5% Cu 4.5% Sb 1% Pb 1% Ni 1% Co (max) Sn
alloy: Used for main bearings in intemal
combustion engines; origin unknown

13% Sb 5% Cb Sn alloy: Designation used by
ASTM

0.7% Pt 0.3% Cu Sn alloy: Used for han! secvice
bearings; ecigin unknown

S e D T QT S R R B Sy
Nate, The following abbreviations and units are used in the abks

DPN Hardness, diamond pyramid number
UTs Ultimate tensile strength, Nimm®
Ben Elongation, %

Proof 0.1 % proof strength, Nfmin®

| Nimm?=0.1 hbar=0. 102 kgilmm?=0.06475 tonifin’= 145.04 Ibfie™
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Cadmium Cd

Physical properties

(@]
o)

Atomic number 48

Atomic weight 112.4

Crystal structure Hexagoral

Colour White with biue tinge

Specific gravity 8.64 =

Density 8640 kg/m’ (0.305 Ib/in.%)
Melting point 321 °C

Boiling point 767 °C

Specific heat 0.230 J/g °C (0.055 callg °C)
Thermal conductivity . 92 W/m °C (22 cal/m s °C)
Coefficient of linear expansion (20-100° C) 30 x 104 °C 4
Latent hest of fusion 55.3 Jlg (13.2 cal/g)
Latent heat of vaporization 1197 Jig (286 rallz)

Thermal neutron absorption cross-section

2.400 barns/atom

Electrical conductivity 22.5% 1ACS [ccpper 100%)
Specificresistance ! 77 microhm mm
Temperature coefficient of electrical resistance 0.0042/ °C

Electrochemical equivalent 2.09 g/Ah

Electrode potential 0.403 V

Magnetic susceptibility 0.18 x 10

Young's modulus of elasticity
Tensile strength
Hardness

General notes on cadmium

Approximately 60% of the world’s supply of cadmium is
used as electroplating anodes for depositicn of a corro-
sion protection coating. Although much dearer than zinc,
cedmium plating is commonly used and is specified for
aircraft use wherever steel has to be protected by plating.
It must not be used in contact with food as it can be
poisonous if ingested. Cadmium oxide fumes are toXic and
are a hazard if allowed to accumulate during meiting,
welding or brazing.

Metallic cadmium is a neutron absorber and is used in
rod form, or in electroplated graphite rods a5 fission mod-
erators in atomic piles,

There are very few alloys based on cadmiuni, but a few
brazing materials have been developed which have a high
shear strength. These are zinc/cadmium or silver/cad-
mium, and are used for tipping high speed tools. There are
also a few cadmium based alloys used for bearing ma-

e e S T ST S
Note. The following ubbreviutions und umts are used in the tables:

Hurdness. diumuond pyrumsd number
LTS Uliimate temile strength, Nmme
Elomgation, 5

0.1 peool strength, Nimm?

1 Nfmm?=0.1 hbar=0,102 kgfimm?=0.06475 tonffin®=145.04 Ibific®
B S — e e e e I S BN S rtSaine s = i

55.2 x 1° N/m?
75 N/mm?
22 DBEN

{8 x 10¢ bffin.)
(5 tonffin.?)

terials,

Cadmium is used as an alloying element with copper.
when up to 1% cadmium is added to increase the tensile
strength with very liitle reduction in electrical conductiv-
ity. These alloys are used for traction conductor wires ana
for long span transmission conductor wires,

With lead, cadmium ferms an alloy which does not
work harden, and has been used for cable sheathing pur-
poses, where a harder coating than pure lead is
required.

Low melting point alloys used for fusible links gen-
crally have seme cadmium content. Where alloys with
cadmium are tested above their melting point for any
reason, great care is necessary lo prevent ingestion of
cadmium fumes. which are now known to be extremely
toxic.

Symbol Nominal andysis. supplier. condition and remurks.
2.1480 20% Zn Cd brazine alloy: Working 1emperaturs
280 °C; German Standard

P75 26861 9.95% Cd 18 = As - Th 0.01% (max} anodss:
Cast: roiled or entruded
. CADMIUM Cd metal: In form of powder. stck, shest, elc.:
Blackwell: primary meta!
CAZIN

17.4% Zn Cd alley: For suldering steel cables:
origin unxnosn: melting peint 265 °C
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GENERAL NOTES ON CADRMIUR

Symbo! Nominal analysis, supplier, conditien and remarks. Symbol Nominal analysis, supplier, condition ard remacks.
DIN 8SI2 L Cd 20% Zn Cd brazing alloy: Working temperature SAE 18 1.3% Ni Cd alloy: Fer bearings
In 20 280 °C SAE 180 0.6% Cu 0.7% Ag Cd alloy: For bearings

ELMET SILNO Ag + Ni with Ag and Cd oxides: Sintered
material; Metro Cutanit Lid; range of materials

hCdl 99.9999% Cd rod 13 mm diameter: Light Lid;
high purity metal —__—mmm s
LCdZn 20 20% Zn Cd brazing alloy: Designatior, vsed by Wote, The following abbreviations and uniis are ued &
German Standard ) .
LM35 Ag Cd base soft solder: Melting range 338-3%0 °C; DPN Hardness, diamond pyramid numbsr
Iohnsan Matthey; electrical conductivity UTS Ultimate tensile strengeh. N/mm’
2.4% 1ACS Elen Elangation, %
UTS: 130 FElon: 25% Prool 0.1 % proofl strength, Nfmen’
HTS | 16.5% Zn 5% Ag Cd alloy: Braze metal; melting )
range 270-285 °C; Sheffield Smelting Co. 1 Nimm?=0.1 bbar=0.102 kgifnm?=0.08475 onffin?=145.04 Toifin®

DPN: 80 UTS: 200 Elou: 5% Prook: 158 = e e
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LT ' o o a . a5 v J - =
VDHAL ONTLTUANUNTINTULANLNTUUDITANLLANN @AEN2 QUD UWARLUUY LAz
- L]

PbBi (971 JCPDS) ka:deyainnnnsnnasd

o
maya%ﬁﬂﬁﬁUGﬁu
50519 8l .
BISMUTH, SYN 0668 BB b N
: Eié _ d ;alg; [ntensity 2 g d value Intensity
b zediR -954 L) 1 31,281 2,887 100
2 23.;31 3,745 i 2. 36 952 5 175 50
3: 27.083 3.289 100 s RS et e b4t
3 37.938 2.370 40 = ol i S5
5: 39.623 3.273 41 £ ol W 2
6: 44-3541 2,033 8 P St e >
7 45.879 1.976 3 4 el St i
8: 45.875 1.972 10 i R el 4
a: 465743 1.842 L 8 58 Bua S ort :
10: 48.674 1.869 23 6o Lhe han et :
s, 96,082 1838 2 11: 123,203 .876 1
ke 43256 1338 o 12:  133.769 .83s g
13: 61.113 1.515 2 Pk “fas igh s 3
L4 62.140 1.193 13 2
15: 64,526 1.443 16
LE: | L 8TL4TS 1.387 1
17: 70.687 1.332 11
182 Tl.dd7 1.319 1
19: 71.882 1.312 &
201 73.536 1.285 5 3
21: 75.299 1.261 2 e B
32: 76.308 1'?’41 ! 22 d value Intensity
23: 81.101 1,185 2 fis S5 ks 5 Bac L
24: 84.992 1.140 1 . o Sl :
25: 85.231 1.138 i ) o one i o0
251 87.044 1.119 2 o i o t5
27: 89.503 1.094 1 5 iRy 1eas 2
29: 91,5386 1.074 3 B Siiiis e L
29: 94.323% 1.050 2 - 55‘3&7 1'599 a
302 95.504 1.041 2 8 68.327 1.168 33
5}‘ 9r.3.’.‘;§ 1.025 ? g: 75.746 1.253 3
= m.l'f“ -992 2 10: 87.8399 1.110 13
33:  102.71%6 08§ 3 v Gy 51n St 8
34:  105.007 -971 2 12 101.732 393 10
2:  109.014 946 2 133 113.711 920 15
36: 111.798 .330 4
37: 112.272 .28 2
38: 114.033 .918 >
39:  116.341 .907 2
10:  119.071 . 394 2
363213 PB BI
. 4 valune Intensity
1: 28.631 3.344 5
2 29.725 3.003 13
3: 30.914 2.820 - 80
260214 BI 1 31.189 2.363 190
£ 32.290 2.770 70
249 d value [utensity 6: 33.948 £.539 20
1 33.487 2,674 100 T: 38.032 2.364 30
2: 18.093 1.890 18 8: 39.154 2.499 10
3: 59.783 1.546 20 a: 41.410 2.i79 10
i 70.255 1.339 18 10: 44 541 2.033 20
5: 79.944 1.199 25 11: 15.209 2.004 20
61 89.379 1.095 5 12: 56.853 1.618 10
7: 98.840 1.014 14 13 57.456 1.603 20
8:  108.408 .950 2 14: 59.175 1.360 10
9:  119.071 .894 6 15: §0.499 1,529 2
10:  129.876 .850 14 182 §1.934 1.497 30
11: 144.666 .808 5 17: 64.317 1.447 29
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SN
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24
30.540
32.015
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44,827
33.233
652.450
63.633
64.526
72.319
73.196
79.369
89.379
95.110
95.304
96.692
97.338
102.283
in4.362
111.641
111.958
113,228
114.033
120.479
123.203
130.294
130.9238
133.321
144.378
145.849
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3%.243
36.653
52.243
71,012

]
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o
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]
L

84.273
89.131
97.223
102.1353
110.549
113.840
125.27
131.33

SN

2@
33.210
34.872
47.610
52,481
60.396
§3.485
59.716

SYN
d value
2,913
2.793
2.062
2.020
1.661
1.486
1.460
1.443
1.305
1.292
1.2086
1.085
1.044
1.041
1.031
1.028
. 982
972
931
+929
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.513
887
.876
. 849
847
.839
.809
. 808

d value
3.739
2,294
1.997
1.623
1.4%0
1.326
1.230
1.148
1.098
1.02F%

.950
.937
.809
. 867
.345

d value
2.695
2871
1.908
1.742
1.531
1.464
1.348

intensity
100
90
34
74
17
23
13
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13
13
20
13
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26:

SN
29 d value
.34.228 2.618
35.984 2.494
49.138 1..52
54.458 1.684
62.450 1.186
635.883 1.416
72.190 1.509
76.418 1.243
D
CADMIUM, SYN
2ing d value
31.831 2.809
34.687 2.384.
38.312 3.347
47.803 1,801
B1.010 1.517
62.243 1.490
§6.320 1.404
T1.358 1.318
73.308 1.280
75,523 1,238
77207 1.238
82.1350 1.172
92.910 1.0683
96.692 1.031
87.760 1.022
104.285 . .376
106 .469 .962
108.2357 .951
110.704 .936
113.389 .922
122.099 .830
125.858 .863
127.034 L8861
130.716 . 847
138.9496 .822
148.020 801

Intens

Intens
63

32

125

32

28
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Bi
Peak table
NI 20
1 22.440
2 23.760
a 27.1690
-4 37.360
3 39.600
(-] 44.560
7 46.9300
8 48.080
9 30 .000
10 59.320
11 61.120
12 6§2.160
13 a4.430
14 BT .440
Pb
Peak table
NT . 2d
1 31.320
2 36.320
a 32,3286
4 §2.200
3 63.280
Sn
Peak table
Nr. 2¢
1 30.800
2 32.000
3 43.840
4 44.880
3 33.320
|+ 32.520
7 82.769
3 64,360

Bi-Pb (50:50)

Peak

table
NT- 20
1 27.120
2 23.3860
3 30.760
4 33.240
2 37.880
[+ 39.600
D 43.040
8 44.480
g 43.860
10 18.630
11 £2.080
12 38.000
i 36.320
14 61.76G
13 62.160
16 54.120

.939
L T42
.281
.368
w24
.032
.871
. 869
.541
28T
3135
.492
L44d
. 388

P b e e e e b B3 G 3 LD

[l i el O 3 B
. - . . .
I e I v - =
19 W da =1 &
00 e (0 = e

919
. 735
-063
.018
.659
. 484
.458
L442

Lo el el 1% N B EF )

<283
.04
.904
-593
.373
274
100
-035
.973
.869
.733
541
-632
.501
492
L4351

el e I el S o O T A5 B ST (N PG T R

YBNAINAITNARD

4619.0
2323.0
1095.9
1077.0

319.0

o -

e (=
S 193 i e 19
[o BT B -0 A B U s TR T

1 40 2 U1 e ) e
. W A Wy elW
oL ooD oo

£910.90
139.9
23869.0
382.0
421.0
394.90
277.0
162.C
111.0
231.0
74.0
347.0
821.0
137.0
158.9
1328.0

Cd
Peak table
/1o NT. 24 d
3 1 31.840 2.808
1 2 34.760 2.579
140 3 38.360 2.345
24 4 47.840 1.900
24 5 51.080 1.5186
3 & £2.280 1.490
4 7 86.320 1,404
]
]
3
2
2]
s .
4 Bi:Pb:Sn = 50:40:
Peak table
NT. 22 d
1 22.240 3.394
2 27.300 3.200
3 29.240 3.032
4 20.680 2.912
3 31.760 2.813
/1o 8 33.160 2.699
100 7 37.760 2.3a0
50 3 39.320 2.278
24 9 43.000 2.102
23 10 44.500 2.030
T 11 43.880 1.976
i?2 18.500 1.872
i3 52.040 1.736
14 53.0490 1.667
15 36.280 1.633
16 39.080 1.562
17 60.920 1.519
18 61.720 1.502
19 §3.200 1.470
20 54.080 1.452
21 67.200 1.392
1/1o
23
100
2
19 Bi:Ph:Gdi= 50;:40:
a
3
Peak table
NP, 2 d
1 22,400 3.966
2 25.760 3.742
a 27.120 3:583
4 22.360 3.940
3 30.760 2.964
3 3L.800 2.312
7 33.240 2.633
3 34.720 2.582
9 37.920 22951
/10 12 38.320 A
21 11 39.800 PP
1 12 13.080 Z.088
LOO 13 44.480 2.0335
2 14 45.000 1.971
2 13 47.840 1,300
o 18 48.720 1.867
1 17 32.120 1.753
1 18 36.000 1.541
0 19 56.360 1.631
1 20 59.280 1.358
o 2 61.080 1.516
1 22 61,760 1.201
3 23 62.290 1.491
1 24 53.24¢C 1.469
1 23 64.160 1.450
5 26 B7.180 1.387

[

3932.0
918.0
3582.0
673.0
§23.0
407.0
200.0

"
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S:UUYDd Ri:Pb:Sn:Cd 61

DR2h12.5:12 .5 50:30:10:10

Pzak table Peak table
Nr. 2d d I I/lo Nr.. 20 d i LG
1 22,440 3.958 39.9 1 1 27.180 3.281 1674.0 23
2 27..120 3.285 134+4.0 29 2 39,400 3.033 1435.0 22
3 29,4400 30335 1441.,0 23 3 30.800 2.901 3491.0 52
4 39.520 2.927 3340 3 4 31.840 2.808 239.0 14
3 30.800 2.901 2944.0 47 3 33.2890 2.6890 6638.0 1Ga
6 31.800 2.812 1733.0 23 & 34.720 2.582 74,0 1
T 33.280 2,830 6264.0 130 7 37.929 2.371 128.0 2
2 34.720 2.582 138.2 2 ] 38.2360 2.345 228.0 3
9 37.320 2.371 2327.0 4 9 29.640 20279 337.0 3
19 38.35320 2347 350.0 10 ), ©43.129 2.066 388.9 i3
L1 38.500 2.274 301.0 8 11 43.720 2,369 TT.0 i
12 43,120 2,186 G450 19 12 44.769 2.023 24,0 2
1.3 13.720 2.U648 a9l 2 13 18,040 1870 60.% H
14 44 .THG 2,023 THT. 4 14 AT.840 1.900 d4.4 i
13 463340 1.971 69.4 i 13 48,720 1,867 132.0 2
1o 17.9300 1.901 141.9 2 16 32.169 1.752 414.0 g
17 45.720 1.857 210.0 3 T 36.000 1.6412 222,90 3
1§ 32.1€0 1,732 35370 A 13 36.400 1.830 982.0. 13
15 33.200 1.663 0.0 1 19 61.040 2 KRy 193.0 3
20 36.000 1.841 191.9 3 20 51.340 1.499 530.0 3
21 36.400 1.630 508.0 10 21 62,360 1.4838 136.0 2
22 61,040 .37 266,40 4 22 53.324 1.463 324,09 H
23 al.890 L.300 41200 7 23 64.200 1.4350 228.10 3
24 52.320 1.488 185.0 3 24 64.440 1.445 249.0 4
23 53.280 1.468 296.0 3 23 66.480 1.403 78.0 1
25 54.190 1.450 i81.0 3 26 639.960 1.344 113.0 2
27 64. 180 1.344 240.9 4
e 56. 180 1.403 33.3 L
24 69.220 1,344 109.0 2
50:32.5:10:7.5 45:35:10:10
Peak table Peak table
NT. 24 d I [/lo N, 2d d [ /1o
1 2701340 3.2835 1833.9 29 1 27.120 3.283 1371.0 23
2 29.230 3.048 931.0 17 2 29.360 J.040 1488.8 23
3 50.5680 2.912 342400 50 3 30.800 2,961 3676.0 15
4 31,720 2.819 504.0 11 4 31.300 3.812 1052.0 b
3 3.290 2.6886 3703.0 199 3 33.280 2.890 3936.0 106G
8 34.500 2.580 TH.0 i 5 37.880 27373 181.0 3
7 37.800 2.378 182,90 3 7 38.320 2.347 379.0 §
8 38.240 2.352 135,90 3 3 39.3500 2.3%4 417.0 7
2 39.320 2.278 342.0 B 9 43,280 2.008 §83.0 11
10 13.000 2.102 862.90 13 10 44.780 2.¢23 153.0 3
11 43,640 2.072 §2.0 1 vl 43.000 370 55.0 1
19 4.630 2.027 15Q.8 3 12 17.769 1.903 136.0 2
13 43.929 1.973 38.0 1 13 18.72¢0 1.8587 163.0 3
14 47.580 1.906 60.0 1 14 22T 1.%¥53 466.0 3
13 45.600 1.872 113.0 2 15 33.160 L.664 38.0 !
15 52,040 1.736 31000 3 16 33.960 1.542 179.90 3
1T 33.000 1.6638 39.0 1 17 36.360 1.631 636.0 11
13 33,380 1.644 228.0 4 18 61.000 1.518 213.0 4
19 56.280 1.833 864.0 13 19 61.800 1.500 464.0 8
20 6(.9560 1.519 134.0 2 20 62.2380 1.480 164.0 3
21 651.720 1.502 4146.0 8 21 53.280 1.468 316.0 3
23 £2.240 1.490 128.9 2 2z 64.200 1.430 182.¢ 3
23 53.200 1.470 256.0 Z 23 54.200 1.43 182.0 3
24 64.120 1.451 217.0 4 24 56,480 1.408 T3.0 i
23 g64.400 1.448 231.0 4 23 58,320 1.344 102.0 2
28 69.840 1.346 192.0 2



62

40:40:10:10 50:35:10:5

Peak table Peak table
Nr . 2d d I [/1o NY 2d - d [ i1
E 27.160 3.2381 T78.0 13 1 27.4000 3.300 1345.0 e
2 23.040 3.180 538.0 1 2 29 _280 J.048 1318.0 22
3 29.430 3.031 1427.0 23 3 30.630 2.912 2324.0 38
4 30.840 - 2.8B97 S007.0 az 4 31.720 2.819 269.0 &
3 J1.840 2.808 1010.0 17 L 33.160 2.6989 60357.40 Lan
5 33.320 2.687 6109.6C 199 ] 37.800 2.378 119.90 2
T 34.760 2.579 34.0 2 7 38.200 2.354 77.0 1
8 37.5950 2.368 121.0 2 3 39,480 2.281 ITT.50 3
3 33.360 2.348 J06.0 3 3 42,960 2.104 TTT.0 13
19 33.9364 2.319 34.0 1 1Q 43.840 2.074 6z .0 1
11 39.640 2aR2 2Ll 3 L3 44.640 2,028 1320 2
12 43.169 2.084 836.2 14 12 45.380 1.976 17,0 1
13 13.720 2.96% 0.0 H i3 18.639 1.872 100.0 2
14 44800 2.021 100 2 1+ 32.940 L.760o 412 .00 s
13 45040 1.970 ., 52.0 1 13 35.040 1.687 61.0Q 1
16 17.300 1.901 39.0 1 16 33.880 1.644 153,09 3
17 48.7320 1.887 107.9 2 17 36.280 1.632 733.0 3
18 32.200 1.751 437.0 7 L8 50.920 1.519 118.0 2
19 36.040 1.640 124.0 3 18 51.680 1.303 4789.0 g
2 36. 440 1.629 981.0 16 2 52.200 1,491 LXR M 2
21 61.4080 1..3186 172.0 3 21 52.180 1.471 321.¢0 3
22 51.840 1.499 521.0 9 s 64.380 1.452 173.0Q 3
23 62,320 1.489 115.0 2 23 64.360 1.446 187.0 3
24 63.320 1.468 320.0 3 24 59.300 1.346 107.0 2
23 G4.240 1.449 332.0 g
26 66.320 1.404 38.0 1
27 62.960 1.344 112 .0 2

o
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Lu/p s en'/g]

Enerqgy/keV Absorption Attenuation Reference:
20 83.4 12
20.7 ' 80.2 11
24.8 ‘ 49.5 1;
30 27.9 12
31 27 .4 11
40 13.9 11
40 1 320 12
41.3 13,9, 10
49.6 8.2 10

= 80 7.17 12
60 5.40 ' B 5.5
60 g 4.47 12
62 4.67 10
80 2ihE 12
82.6 _ 2. 32 ‘ 10

100 5.193 5.20 {2

124 3.41 10

150 1.753 1.84 9
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ﬂﬂiﬁdﬁ11uﬁnﬂuﬁ1=ﬂ1ﬁdﬁﬂﬂ1zﬁﬂsnﬂ1uan1ﬂugtanﬁdﬁtiatﬂu (cm ) 27ANTNAABIVRIATITAIBUIINTEAURAIINUATY 9

f

Nrrhumd a9 9

daunan (% Tautthwiin) ATNMUNLUY éﬁﬁuuizﬁﬂ%nﬂiuaﬂtnugtant%atﬁu 9g,cm*)
ANNTAUIN
No.| Bi Pb Sn Cd (g/cu.cm) 60 keV 88 keV 122 keV 136 keV
i = 100 - - 11.34 52,06 + 1.67 | 74.60 + 3.53 | 37.25 + 1.70 | 26.72 + 0.62
2 | 54 = 26 20 9.15 47.45 + 1.38 | 17.93 + 1.65 | 19.92 + 0.98 | 15.17 + 1.30
3 | 52.6 |31.8 | 1578 | - 9.91 51.61 + 2.52 | 33.30 + 1.54 | 20.61 + 1.67 | 21.75 + 0.64
4 | 51.65| 40,2 - B.1% 10.33 51.82 + 2.74 | 38.33 + 0.51 | 32.91 + 0.80 | 24.86 + 1.80
5 | 50 25 (2.5 12.5 9.73 47.83 + 1,30 | 27.65 + 0.72 | 24.12 + 0.67 | 19.35 + 1.02
6 | 50 30 10 10 9.90 48.72 + 0.94 | 20.92 + 1.77 | 26.48 + 0.77 | 20.58 + 1.39
7 | 50 32, 10 7.5 .96 48.88 + 0.91 | 31.53 + 1.18 | 27.32 + 0.48 | 20.26 + 0.62
8 | 50 35 10 5 10.03 49.52 + 0.73 | 33.79 + 1.01 | 28.50 + C.67 | 20.72 + 0.79
Q| 45 3% 10 10 9.97 49.68 + 0.68 | 32.01 + 1.15 | 26.42 + 0.60 | 21.10 + 0.87
10 | 40 40 10 10 10.05 49.50 + 1.02 | 36.17 + 1.41 | 26.93 + 0.41 | 20.63 + 0.69
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doundy (% Tauinwiln) ANAUILUY ﬁﬁﬁuﬁ?z%ﬂénwsuaﬂtﬂugtﬂﬂL%quqa gﬂép,cmz/g)ﬁﬁzﬁuwéqaﬁuﬁﬁa 9
IINAVTAUNIN

No.| Bi Pb Sn cd (g/cu.cm) 60 keV 88 keV 122 keV 136 keV
1 - 100 = = 11.34 4.67 + 0,15 | 6.58 + 0.31 3.20 + 0.15 | 2.36 + 0.06
2 | 54 - 26 20 9.15 5.19 + 0.15 1.06 + 0.18 | 2.17 + 0.1! 1.66 + 0,14
3| 52.6 | 31.8 | 15.8 | - 9.91 5.21 + 0,25 | 3.36 + 0.16 2.99 + 0.17 | 2.20 + 0.07
4 | 51.65| 40.2 - 8.15 10.33 5.02 + 0.27 | 3.71 +0.05 | 3.19 + 0,08 | 2.41 + 0.17
5 | 50 25 12.5. | 12.5 9,24x 5.18 + 0.15 | 2.99 + 0.08 | 2.61.+ 0.07 2.00 + 0.11
6 | 50 30 10 10 G.40%* 5,18 + 0.10 | 3.18 + 0.19 | 2.82 + 0.08 | 2.19 + 0.15
7 | 50 32.5 | 10 7.5 0.46% 5.17 + 0.10 | 3.33 + 0.13 | 2.80 + 0.05 | 2.14 + 0.07
8 | 50 35 10 5 9.53% 5.20 + 0.08 | 3.55 + 0,11 2.00 + 0.07 | 2.17 + 0.08
0 | 45 35 10 10 Q.47% 5.25 + 0.07 | 3.38 + 0.12 2.79 + 0.06 | 2.23 + 0.09
10 | 40 40 10 10 9.55% 5.19 + 0.11 3.79 + 0.15 2.82 + 0,04 | 2.16 + 0.07
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P UNEN Bi:Pb:Sn:Cd = 50:25:12.5:12.5

NdUNEN Bi:FPb:Sn:Cd = 50:30:10:10



N1 uNgy Bi:Pb:Sn:Cd = 50:32.5:10:7.5

PETUNEY Bi:Pb:Sn:Cd = 45:35:10:10
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