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.Royal Aoademy of Soienoes. Amsterdam. 

PROCEEDINGS OF THE MEETING 

of Saturday June 25th 1898. 

---_oOC)G_. ----

(Translated from: Verslag van de gewone vergadering der Wis- en Natuurkundige 

Afdeeling van Zaterdag 25 Juni 1898 m. VII). 

CONl'ENl'S : "On chemical and microscopical cxamination of untimollial a110ys for axle boxcs". 
By Pl'of. H, BEHRENS also in thc name of Mr. H. HAUCKE, p. 35. - "The condition 
of substanccs insoluble in watcr formcd in gelatine". By Prof. C. A. LOBRY DE BRUYN, 
p. 39. - "On the notion of thc role of the Eal·th according to the obsel'vations of the 
years 1890-1896". By Dl'. E. F. VAN DE SANDE BAKHUYZEN (communicated by Prof· 
H. G. VAN DE SANDE BAKHUYZEN) p. 42. - "On 0. 5-ce11o.r quadl'll.nt-clectrometer and 
on thc measurement of thc intensity of clectric CUl'rents made with it". By Prof. H. HAGA, 
p. 56. (Wïth 1 plo.tc). - "On the influence of the dimensions of the source of light in 
diffro.ction phenomena of FRESNEL o.nd on thc diffrRction of X-ro.ys". (3d communication) 
By Dr. C. H. WIND (communicated by Prof. H. HAGA), p. 65. -" The go.lvanomllgnetic 
and thermomagnetic phCnOmeDo. in bismnth". By Dr. E. VAN EVERDlNGEN JR. '(com
munico.ted by Prof. H. KAMERLlNGII ONNES), p. 72. - "On the deviation of DE llEEN's 
cxpcriments from VAN DER WAALS' la", of continuity." By Dr. J. VIIRSCIIAFFRLT 
(cummunicated by Prof. H. KAMERLINGH ONNF.S), p. 82. - "Thc composition o.nd thc 
volumc of thc coexistiDg vapoul'- o.nd liquid-phases of mixturcs of mcthylchloridc and 
clu·bonic-ucid". By CII. liL A. HAan!AN (communicllted b,Y Prof. IT. I\:AMERLINGH 
ONNES), p. 83 • (With 1 plo.te). - "Considerations conccrning thc influcnce of a 
mngnctic field on the radio.tion of light". By Prof. H. A. LORENTz, p. 90. - "On an 
o.symmetl'y in thc change of the 'spectml lines of iron, ro.dio.ting in 0. mo.gnctic field". 
By Dl'. P. ZEEMAN, p. 98. 

The following papers were read: 

Chemistry. - nOn chemical and microscopical examination of 
antimonial alloys for axle boxes." By Prof. H. BEHRENS 

also in the name of Mr. H. BAUCKE. 

By the direction of the nHoU. IJz. Spoorweg-Mij" sevel'al cushions 
of Babbits-metal (82 % Sn, 9 % Sb, 9 % Cu) wel'e put aside for 
chemical and microscopical examination. Alloys of this kind, when 
slowly cooling from a melting heat, will split up into a nearly 
amorphous mother liquor, rich in tin, into rectangular crystals (pro
bably cuboïdal rhombohedrons) of an a110y of tin and antimonyand 
into a whitish bronze, .fOl'ming radial clusters o~ brittIe rods, com
posed of hexagonal plates, 
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The chemical examination of these components has been carried 
out by Mr. BAUCKE, analytical chemist at Amsterdam, partIy by 
means of analytical, partly by means of synthetical methods, while 
I have undertaken the microscopical and mechanical investigation 
of the properties of Babbits metal. 

For separating the products of liquation I proposed pressing of 
the a110ys in a semi-liquid state. Tbis suggestion has been adopted 
by Mr. BAUCKE and the method, worked out and perfectf'd by him, 
has given very good results. When Babbits metal in a pasty con
dition is pressed between hot slabs of iron, tin will flow out, con
taining 3 % of antimony and copper and a hard, brittle cake will 
be left, formed principally by the crystals described above. An aHoy 
composed of 90 % tin and 10 % copper gave a hard residue, from 
which a remnant of mother liquor was removed by treating it with 
hydrochloric acid and subsequently with caustie soda ley. Powdery 
copper was washed away in a stream of water, and then analysis 
gave 35.1 % Cu, 64.8 % Sn for the composition of the cristalline 
a11oy, while the formula Cu Sn would require 34.9 % Cu and 65.1 Sn. 
Repeated heating and pressing wilJ drive out more tin, so that this 
a110y may be said to comport itself in a similar mannel' as some 
hydrated salts, e. g. crystallized sulfate of sodium. 

In alloys with antirnony the tin was found to be more strongly 
combined. From an alloy, containing 10% ofantimony, aftel' he~lting 
and pressing thrice, a residue was obtained, resembling closely an 
alloy of 70 % tin and 30 % antimony. Purified by extraction with 
hydrochloric a('id and washing in a stream of water it was found 
to be composed of 33.7 Ufo Sb and 66.3 % Sn. Calculation from the 
formula Sb Sn2 gave 33.8 % Sb, 66.2 °10 Sn. With 42 % Sb an alloy 
was obtained, showing prismatic crystals of higher melting point 
between the cuboïd ones of the compound Sb Sn2' By hot pressing 
and treatment with hydrochloric acid an alloy was isolated, answering 
to the formula Sb Sn. Found: Sb 50.35, Sn 49.65 %; calculated: 
Sb 50.37, Sn 49.63 0/0, In alloys. containing 80 Ofo of antimony, 
this element can be made to crystallize in a nearly pure state. lts 
crystals are enveloped by \a compound of prismatic form, probably 
answering to the formula Sb2 Sn. This point has hitherto not been 
settIed in a satisfactory mannel'. 

Microscopical examination of cushions, that had done duty under 
railway cars led speedily to the conviction, that their behaviour 
depends on the frequencyand size of rectangular crystals. In cushions, 
marked as having been unduly heated by running, the rectangular 
crystals of the compound Sb Sn2 were found poody developed or 
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absent. By mechanical engineers I was told, that tbe alloy for 
bealings must not he heated further than necessary for giving it 
sufficient fluidity, then stirred and cast without delay in moulds 
heated to the boiling point of water. 

In Babbits mptal, heatod till lts surface becomes smooth and bl'ight 
the majority of tbe crystals is not liquified. Olltstings, made of such 
metal, without previous stirring, consist of tin, with about 4 % of 
copper and antimony, while at the bottom of the melting pot a 
hard porous mass is found, melting at the same temperature with 
zinco Made quite liquid, and then chilled, Babbits metal becomes 
nearly amorphous, sonorous and very smooth when filed or turned. 
Nevertheless it will stick to an axle, even when liberally lubricated, 
and wh en heated to softenir:g it ,is liable to recrystallization, crystals 
boing formed in a groundmass of liquid tin. Tinning of the axle, 
sticking, and as an inevitable consequence heating will occur, whert
ever a heavily woighted axle is run in a box filled with su eh 
metal. Finally recrystallization sets in and liquid tin is squeezed 
out, the newly formed crystals accumulating around the axle. In 
one case the crystals had formed a compact cylindrical layer, at 
first sight puzzling, but now easily explained. 

With a view to test this theory, experiments were made with 
model cushion blocks, cast under varied conditions. The blocks were 
fitted on a mandril of polished Rteel, running with 1!- speed of 1600 
revolutions per minute in a wooden casing. The apparatus was 
contl'ived in sueh a manner, that the pressure on the mandril could 
be varied at ple!tsure ani! the temperature observed on a thermometer 
fitted into the bloeks. The following table gives for some of the 
experiments the pressures reduced to kilogrammes on the square 
centimo of the longitudinal section of the mandril and the mean 
increase of the, temperature aftel' a minute of running. Block 1 was 
('ast in a mould, cooled by running water, bloek Il in a mould 
heated to 100°, block III in a mould heated in molten zinco 

0.31'g. 0.6 kg. 1.2 kg. 3.0 kg. 

I 0.50 1.12 1,50 3.80 

II 0.64 0.74 0.75 1.64 

111 0.fi5 0.72 2.62 4.64 
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Af ter the series of experimellts with a charge of 3 kgr. bloek 1 
presented a running surface searred by irregular grooves and scratches. 
On bloek II the rectangular crystals stood out in arelief, similar 
to that, produced by etching with hydrochlorie acid. They' were 
smooth and bright, tbe interstiees deadened by small scars or dimples. 
On bloek II! the partieulars shown by I and I! were found 
combined. 

An unexpected result was obtained by examining the metallic 
sediment from the oil that had been used as lubricant. Mixed with 
fine dust (essentially tin) were found: in sediment from block 1 
shavings, tbreads and angular fragm<.>nts; in sediment from bloek II 
spherieal and egglike bodies (0.08-0.1 mm.), looking like smaH 
drops of mereury; in sediment from bloek III spberoids and angular 
fragments. A few of tbe spheroids from bloek TI were subjected to 
mieroehemieal tests and found to consist of tin with a considetable 
admixture of antimony. 

These observations suffice to explain the slow increase of tempe
rature in bloek II: tbe oil bas been more ev<.>nly spread, owing to 
the peculiar relief, developed on the running-surfaee of tbis bloek, 
aHd at the same time a ball cushion has been formed, whereby 
rolling has been brought in the place of sliding friction. Spheroids, 
similar to tbose of block II were formed in experiments witb modl~l 
hearings of magnolia metal (77.8 Ofo Pb, 16.3 % Sb, 5.9 Ofo Sn) and 
of aluminium brass, but not with bearings of common brass and of 
grey cast iron. In tbis way I have been able to trace their origin 
to eubical or polyhedrie erystals, scattered in a softer metal and 
accompanied by smaller crystals of a hard and brittIe aHoy. Tn 
Babbits metal fragments of the brittle rods of bronze act lts a 
grinding powder, undermining and rounding the rectangular erystals 
of the compound Sb Sn2, in the same way, as pebbles are formed 
in tbe bed of a river. The tin eomes in as a soft cement, possibly 
its powder has also a favourable influenee, augmenting the viseosity 
of the lubricant. Metal of eoarse I3trueture (cast in overheated moulds) 
is not evenly eroded; the majority of the reetangular erystals, weakened 
by eraeks, are searred and crushed, instead of being rounded and 
loosened. 

Further reasoning would be misplaced, as it may be expeeted, 
that eontinued experiments and observations in the directions, pointed 
out above, will speedily throw more light on the subject. 


