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The Influence of Pressing and Sintering Conditions on

the Properties of Tin and Some Tin Alloy Powders

~ o New /ipprosch to Bearing Metal Probleus.

I Introduction.

(1) The Limitations of Tin-Base Bearings.

During the hundred years or so since Babbitt first patented
a tin-base bearing elloy containing antimony end copper, slloys
of this type have given good service in g wide variety of engines
end machines., The excellent bearing properties of the tin-base
white metals are universally acknowledged and for medium agnd low
pressufe applications these alloys, bonded to a steel or bronze
backing, are still supreme.

In recent years however, the trend in aireraft and automo-
bile piston engine design, towards an ever greater power-weight
ratio, has made increased demands on bearing materials so that
bearing failures sre more frequent than formerly. A most common
mode of bearing failure in high-speed reciprocating engines is by
the fbrmation of fatigue crecks in the white metal \*). Modern
bearing design, aiming at minimum fatigue stress in the white
metal , specifies & very thin lining. Thus, standard automobile
practice now utilises, for connecting-rod big-ends, steel-backed
sleeve bearings with a white metal lining of about only ten

thousandths of an inch thickness. For special purposes, linings
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of four thousandthe of en inch thickness are cccasionally used
but the manufecturing difficulties involved with these vexry
thin linings incresse the cost considerably. From a practical
point of view, the ﬁncsmeas of vhiite metal lining would appesr
to have been reduced to the limdt gnd no further improvement in
bearing performance can reascnably be expected in that direction,

lmproved haaring perforsance, as compared to noveal tine
base linings, may be obtained in two possible ways. _Firet, the
white metel lining can be abendoned in favour of & new, hirder,
and stron{;ér material, This step, slready reluctently taken
by meny menufacturers, invariably produces other importent con-
siderations such as, for example, the prm:ion of herdened
shaf'ts. Secondly, it may be possible to incresse considerably
the sdmittedly low fatigue strength of the tin-bese alloys while
retaining ell the excelleat boaring properties inherent in these
alloys. Additions of cadmium, known to ineresse the fatigue
strength (1), are frequently made %o tinebase slloys bub mch
greater improvementis are really needed.

in indication ss $o how this latter aim may be achieved was
obtained by the writer while investigeting the influence of
microstructure on the fatigue strength of tin-base allays \2),
Alloys with microstructures containing massive compounds, par-
ticularly the long, needle-shaped copper-tin compound &368115,

were found to give generally low, erratic values of fatigue
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strength. On the other hend slloys with uniformly fine

structures had relatively high fatigue strengths. It is

suggested that stress concentrations are set up gt the inter-

faces between the inter-metallic compounds and 4he matrix due

40 the diffornnbcs in elastic moduli. Cracks thus form near

the compoundsj ‘the larger the compound particles the quicker

are the cracks propagated through
gtrengths will be obtained from

t+he structure. 1% ig con-

cluded that optimum fatigue

uniformly fine mierostructures with inter-metellic compounds in

a particularly fine state of sub-division.

Investigation has shown ¢hat veriations in the normal

melting and pouring practice give jnsufficient control over

compound perticle size to produce any substantial increase in

fatigue strength. Other methods of producing very fine micro-

astructures must therefore be soughtj this suggests at once the

use of a powder metallurgical technigue.

Using the normal casting method, entimony-tin cuboids

e tin-base bearing elloy when the
copper~tin needles

appear in the structure of

antimony content exceeds about T per cents

appear with copper contents greater then 0.75 per cent. By

powder metallurgy it should be
e snd shape of the compound particles and
and needles even with antimony and

possible to control closely the

slz to avoid completely

t¢he formation of qnboidn
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contents greatly in exceas of present practice. The

copper
by powder metallurgy,

poasihility thus exists of producing,
of high fatigue strength

white metal bearings

tin-base alloys with new structures

and the normal production methods for

could conceivably eventually be revolutionised.

(2) The Techuique of Powder Metallurgy.

The basic steps in the fabrication of any shape from &

metal powder are as followss—

(a). The powder is pleced in
known as @ “greea compact”s

a suiteble die end is pressed

40 form a coherent MasSs,

(v) The compact is siantered, oOr ennealed, usually in &

neutrel or reducing stmosphere, 40 consolidate the ecchesion of

s to form & meballic gtructure.
own that with some metalsy
obtained if the pressing

erature and, in certain

the particle

Recent work has sh compacts of '

jmproved mechanical properties are
arried out at elevated teup

cases, the sintering sreatment can then be omitted.

gperation is ¢

comprehensive re

the large number of variables javolved in the two basic steps.

some of the many varigbles arei-
(1) lethod of production of the powder.

(44) Perbicle sige and shspe.
don.

(111) Particle size distribut
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(iv) Beheviour of the powder underi-
(a) eold pressing ab vericus pressures.

(b) hot pressing a¥ various pressures and

tmperai‘\tm.

(v) dintering temperature and time.

(vi)  Rete of hesting up to the sintering temperature.

(vii) sintering atmosphere.

With most metal powders the verisbles related %o particle

gige distribution heve a great beari
with a sof't metal, like

size, shape and ng on the

properties of the compadts. However,

emed probeble that these variables
sures should be sufficient to deform the

tin, 1t se would be less

eritical since low pres

particles plesticelly to give a compact of meximum density.

Work on the Powder Metellurgy of Tin.

(3) Previous
eveals that very 1ittle work

i survey of the literature T
on the powder mebtallurgy of 4in. A Tew papers
ds of prepering tin powders and their
(3). The only

has been done
report on the various metho
' 4hese have been summarised by Watkins
arch on the pressing of tin powder eore

usess
due

papers reporting vese

o Tugmici, (45 5) who found that the density of the powder

{noreased from .25 gn. POF 6.¢. with a pressure of § tons per

with 30 tona per B8qe in., end

8q. in. %o 7.26 gm. per c.C.
e beyond 25 tomns

(6) who reports that {ncreasing pressur

does not resuld in a corresponding veriation in

Renof

pexr 5q4. ine.
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in porosity. The sintering of tin powder and the pressing

to have been

and sintering of tin-base alloy powders appear

entirely neglected.

(4) Scope of the Present Work

The ultimate aim of the work described herein is the

development, by powder metallurgical methods, of improved tin-

containing bearing alloys. In view of the lack of previous

work on the subject 4% wes decided that the pressing aend sinter—

jos of tin powders must first bc fully investi-

ing characterist

gated so that subsequent work on alloy powders would rest on

£irm foundations.

Accordingly, density determinations, malleability tests,

and tensile tests have been made on tin compacts produced under

a wide range of ‘conditions. Compacts have been pressed at

room temperature, 150° end 200°C. under pressures of 2% to0 15

tons per sq. ine. Sintering temperstures of 100° to 225°C.

with atmospheres of either nitrogen oY hydrogen have been fully

investigated. The properties of compacts made from tin powders

prepared by three different methods h
powders prior to pressing.

ave been compared and pro-

cedures devised for treating the

With compecting pressure s‘tandardieod at 15 tons per 8Q.

jn. and sintering temperature at 200°C. tin-base alloy powders

containing up to 15 per cent antimony and 15 per cent copper

have been investigated. Density, hardness, melleability and
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tensile tests have been made snd the types of microstructure

obtainable with the powder metallurgical method particul arly

gtudied. Bxperiments have been carried out with true alloy

powders, produced by atomisation, end with alloy powders made

by mechanically mixing virgin powders. The desirability of

further extensive work jn this field has been clearly demon-

strated.
sintering in the presence of a liquid phase hé,u been studied

with alloys besed on the 70 per cent aluminium, 30 per cent tin

alloy. .. The density, hardness and tensile properiies of

specimens compacted at pressures up to 75 tons per 8q. in. and

gintered at temperatures up to 55000. have been investigated,

and procedures developed for the production of rolled strip from

the compactse.
The influence of additions of copper

the binary aluminium-tin alloy hes been investigated gnd alloy

strip of excellent strength produced;
for the fabrication of besring halfe

on the properties of

such strip would probsbly

be suitable shells without

the necessity for bonding %o 8 steel backinge.
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