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Introduction
üAddition of very fine dispersoid (in nanometer range) of very reactive metal 
oxides to metal matrices retains the strength of the composites at elevated 
temperatures.

üPowder metallurgy techniques (simple mechanical mixing, co-precipitation, 
mechanical alloying and internal oxidation) employed for producing dispersion ς
strengthened composites.

üVarying the oxide content and/or amount of cold work modify  their 
properties to meet a wide range of design requirements.

üAddition of binders to metal composite powder before compaction achieves 
better strength and fracture resistance under same compaction conditions.



Materials and Methods
ü Molten tin metal dispersed with silica (SiO2) nanopowder of 0.7 ς0.9 µm 

size range using granulation method.

ü Composite powder grades ( 0.5, 1.0, 2.0, 3.0 & 5.0 wt. % of SiO2) and pure 
tin metal produced.

ü Samples produced using tar, gum-arabicand polyester resin binders and 
lubricants(NLGI 1-3 grades).

ü Uniaxial compaction carried out at 244 MPa. Compacts sintered at 150oC 
for 20 minutes and allowed to air-cool.

ü All compositions heated to determine their melting temperature range. 

ü Compression  and Hardness Tests and metallographic analysis carried out.



Material Chemical Composition, %

Sn SiO2 FeO Fe2O3 Al2O3 CaO MgO

Tin Ingot 98.9 *
* * * * *

Silica * 94.04 1.17 1.39 1.33 * *

Table 1: Composition of the raw materials used

Lubricant

Tar Gum Arabic Polyester Resin

Hardness 

(HRC)

Compressive 

Strength 

(N/mm2)

Hardness 

(HRC)

Compressive 

Strength 

(N/mm2)

Hardness 

(HRC)

Compressive 

Strength 

(N/mm2)

NLG I 1 9.2 12.7 7.8 15.7 10.5 17.9

NLG I 2 18,6 19.3 15.9 16.7 21.2 21.7

NLG I 3 22.7 14.3 12.3 16.2 18.7 17.7

Table 2: Values of Hardness and Compressive Strength of 2% SiO2 with Binders and Lubricants

NLG I ςNational Lubricating Grease Institute of America



Plate I: As-Cast Tin Metal Plate II: Compacted Tin Metal

Plate III: Tin 0.5% SiO2 Composite Plate IV: Tin 1.0% SiO2 Composite

Micrographs x250



Plate V: Tin 2.0% SiO2 Composite Plate VI: Tin 3.0% SiO2 Composite

Plate VII: Tin 5.0% SiO2 Composite

Micrographs x250
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Fig. 1: Curves of Compressive Yield and Ultimate Stresses 
versus Composition(wt. % of SiO2) for the samples heated to 
150oC,  soaked for 20 minutes and air cooled.
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Fig. 2: Curve of Elongation versus Composition (wt. % 
of SiO2) for the samples heated to 150oC, soaked for 20 
minutes and air cooled.
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Fig. 3:  Curves of Hardness versus Composition(wt. % of 
SiO2) for the samples heated to 150oC, soaked for 20 
minutes and air cooled and those heated to 135oC, 
soaked for 3 hrs and furnace cooled.

Samples heated to 150oC, soaked for 
20 mins. and air cooled.
Samples heated to 135oC, soaked for 
3 hrs and furnace cooled.
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Fig. 4: Curves of Lower and Upper Melting Points/
Termination of heating versus Composition(wt. % of SiO2).
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Discussions
ü The granulation process effective in dispersing the SiO2 powder particles in 

the tin matrix.

ü Poor bonding of the aggregate composite grains caused by the Si02
particles, Sn02 and voids lowered the compressive strength of the 
compacts.

ü Depending on the properties desired, introducing up to 5.0 wt. % of the 
dispersoid in the matrix is possible. A range of 2.0 ς3.0 wt. % of the 
dispersoid was found to be the best in terms of hardness and compressive 
strength.

ü !ŘŘƛǘƛƻƴ ƻŦ ǘƘŜ ōƛƴŘŜǊǎ ƛƳǇǊƻǾŜŘ ǘƘŜ ŎƻƳǇƻǎƛǘŜǎΩ ŎƻƳǇǊŜǎǎƛǾŜ ǎǘǊŜƴƎǘƘ 
and hardness.



ü Plates I ςVII basically show relatively uniform distribution of the SiO2

particles(randomly oriented) in the Tin matrix. Voids and some SiO2

particles are observed between boundaries of the aggregate composite 
grains.

Conclusions and Recommendation
ü Tin metal matrices can be strengthened with nanopowder of silica to 

produce composites suitable for use as materials for oil and self-
lubricating plain bearings and bushings.

ü The dispersoid increased the structural strength of the tin matrix.

ü Full characterization of the physical, mechanical, thermal, corrosion, 

deformation properties and behavior of the dispersion - strengthened tin-
silica composites will provide additional basis for their applications.


