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Enhanced wear resistance of pure tin by addition of bronze

reinforcing particles
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Department of Materials Engineering, Science and Research Branch, Islamic Azad University, Tehran, Iran
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and Fe-C

Keywords Abstract

Tin-matrix Composites Wear resistance enhancement of tin by composite production through powder metallurgy was
Microstructure investigated in the present study. To this end, 10 vol% bronze or cast iron (Fe-C) particles were
Wear behavior incorporated within a tin matrix via pressing and extrusion. The produced materials were evaluated by
Friction coefficient comparing their density, microstructure, hardness and wear resistance. Relative densities of extruded

samples were more than 99% of the theoretical value. Homogeneous distribution of reinforcing particles
in the matrix was revealed by optical microscopy. The introduction of bronze and Fe-C powders within
the tin matrix were accompanied by 8 and 15% increase in hardness value together with 51 and 40%
decrease in wear loss, respectively. On the other hand, the least friction coefficient (0.37) obtained from
the sample containing Fe-C particles worn under 3 N applied load. In addition, the frictional behavior of
pure tin showed a more stable trace with the addition of reinforcing particles. While an increase in
applied load led to an increase in volume loss of both reinforced and unreinforced tin, it only resulted in a
reduction in friction coefficient in the composite specimens. This reduction was considerable especially
for the tin matrix composites reinforced with cast iron where a higher amount of graphite particles was
smeared out on the wear surface due to the increased normal load. Microscopic study of the worn surfaces
together with EDS analysis showed that oxidative wear was active during sliding wear of pure tin and its

composites.
S5 die; sl ujorals oS g BB SlSe 5 (Suied ol (1 oo -1
gl )0 05UsS sleop) 5 sl JT el golse 4 Lo 1y T Wl —oad axslid amd iy olse 5l gl aiws lsie 4 (51 Ay slacy jalS

13-2] el 05 Sg Sl mlio g ol wlio dailyn 5,095 b 30,0l s |y ot Sladad 5l b b oKl ool a5 Wil

~ Sy et Sle 638 die slacyjeelS slas )5y pege ol Hlgas il sazs oolitul (0 59elS Slge sblse 5l T jo & saio

Please cite this article using: 20 Lo eolisiwl 3 @ yle sl i cpl @ glo )l (6l
Ghasemi. F, Moazami-Goudarzi. M, and Najafi. H., “Enhanced wear resistance of pure tin by addition of bronze and Fe-C reinforcing particles”, In Persian, Journal of

Science and Technology of Composites, Vol. 2, No.7, pp. 873-880, 2020.



SURCNE I S VR RV HENTL LI PRYURTS L L)uaJl;&IS & woslie S

o 2 ooliwl 05 0.01 cds b Jlusws sg5l5 SO (o
09 Al sl dacyeals oy lp 5L 9yse yom slabslie
F90) OBz Shle olfius S abews 5 0ol iy, (Sl glaaly)
Sld 5l GBS x5 B o sails i aids 120 Gise 4 (gl
P anis calo lp ogd Jolo o8 jog Gle 0 0uisS Cosl y3g
Olgls o8 8 el (1550 oy olSiss a0y oy Slelos eyl
sashee 100 526 glis)l 5 sls jld b JS glailsial (B 55 oy
Ll slos ;o agl 15 loj Gow 0wy Sldee ol sus ploxl
Sllee doyog 0,88 5l G ad abml JKWLKe 150 Lz Jleel
a0 25) bl los 50,0 (alls ol digai (55, L Ll (g 5]
oole Lplys aSul @ axg5 b i pll ol Ktle a0 110 4 (ol Klos
O g a8 jos byl we powlie GUI sles o ous 59,05
ity b y30yinST Slilas i 3g,ST 351 (slod yo Laid oAisS g
926 (559,5 yk8) 13.7 (55 ST s 5 46 120 0.005 58 o5 >
Pl 3y Gon Slles ) oolinal 550 olSiws alwsy (7 (25> Jhb
Oi9rST Oldee 5l ojog (aBS1 %0 Glime oy p sokiier 1285
Sy Sl b el uganed )l (B9, 4 (e S Sllee
Jao Olympus (s,5 osSws,Sen 51 oslitl b s)lslog, olas
PS5k 3 Jael Jb b 5805 by, & (et b 45BXE1M
5 sl onbbI55 slasl 5 bl INNOVATEST olsis aboosy
5 Otabs & Cuoglin gy sliiody ol (x5 D (Silke diged
Gilae S 2 G ) & Glale 5ol dpaiged Sacl cpd (e
ool 5o el plil e sles o [171 ASTM G99-95a s jlustel L
e 15 sk 5 te (oo 6 48 4 placs olyie T laTdiges (ga3]
L (AIS] 52100) 5bl 855 iz 5| S 5 235 3,5 S & e
5 )18 ol o ks e lsie @ 5,505 800 e

F

WD 2689 mm
SEMHY 2000k Det SE
Date(nih) 030417 Var: Hvac

L
SE 000 Det o2 Em
Beeimi, 030417 Ve, v all

Fig. 1 SEM micrographs of as-received (a) tin, (b) bronze
and (c) cast iron powders
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Table 1 Density and hardness of the extruded pure tin and tin-
matrix composites
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Fig. 2 Optical mlcrographs of pure tin extruded at (a) rﬂoc.)m'
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cast iron composites worn under different applied
loads

@) Gly o) cdlus b (COF) SKhaol oo olpss 8 Y

288 ozl Zujorels (©) 5 5y eld Cujonels 0) (Al o8
ot sl Sglite Jlacl (slog

877

0
RA2 RA2

Fig. 6 SEM micrographs and EDS analysis results
from surfaces of tin-bronze composite worn under

normal load of (a) 1 and (b) 3N
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Fig. 7 SEM micrographs and EDS analysis results
from surfaces of tin-cast iron composite worn under
normal load of (a) 1 and (b) 3N
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