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Effect of Tin Microalloying on Microstructure and Properties of
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YOU Qing-wei, WANG Jing-hua, JIA Bin-jin, WANG Jian-hua, TIAN Jian-jun, CHEN Cheng
(Xinxing Ductile Iron Pipes Co., Ltd., Handan 056300, Hebei, China)

Abstract: The effects of Sn contents and corresponding heat treatment processes on the microstructure and properties
of ductile iron pipes were investigated by means of tensile tests and metallographic observations for the centrifugally
cast ones with different contents of Sn alloying element additions. The results show that trace amounts of Sn element
(<0.1wt.%) can effectively increase the pearlite content in ductile iron; meanwhile, combined with corresponding heat
treatment processes, the pearlite can be spheroidized, and a certain proportion (20%-45%) of granular pearlite can be
obtained; when the tensile strength reaches more than 500 MPa, the elongation exceeds 10%, which is higher than the
tensile strength specified in the existing standard QT420-10, meeting the requirements of high strength and high ductility
for ductile iron pipes.
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Tab. 1 Composition of the test pipe wg/%

Fiks C Si Mn P S Mg Sn
0.017
DN300 38 21 02 005 001 005 0034
0.053

DN1200 3.6 2.1 02 005 0.01 0.05 0.02
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Fig.2 The diagrams of graphite nodule morphologies
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Fig. 3 The metallographic diagrams of pearlite/ferrite distributions ( Etched by 4% nital )
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Tab. 2 Graphite nodule parameters

Snit/%  IE ABERERE/ (D emm?) SRR am BEE% BREER% ABBRIEEIL%  BOBEIERLS /%
N RE 597 6.65 74 83 7.59 45
0.053 Hh ] 974 5.09 74 83 7.44 40
HpeE 1246 4.39 74 77 6.54 25
RE 600 7.30 72 79 8.82 45
0.034 Hh ) 830 5.81 73 84 8.12 35
S e 1181 4.12 74 82 5.58 20
PHRE 574 7.55 73 80 8.97 20
0.017 H ] 758 6.07 74 83 8.11 15
HhEE 1142 4.42 73 79 6.10 0
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Fig. 4 The chart of pearlite proportion
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Fig. 5 The morphologies of granular pearlites
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Fig. 6 The metallographic structures of DN1200 ductile iron pipe after microalloying strengthening and annealing
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Tab. 3 Comparison of metallographic structures between
microalloyed and general ductile iron pipes of type DN1200

AR frERIR BRME

FikE G4tk
(emm?) s /um &%
DNI1200  fA&45iik (Sn) 285 12.15 83
DN1200 WS BRER A 284 12.78 76
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Fig. 7 Tensile-test sample
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Tab. 4 Tensile properties of ductile iron pipes

_— Sny Piiss Jett Al s ik
H/wt.% J#/MPa J¥/MPa /%
0.053 560 395 10.5

DN300 0.034 555 385 15
0.017 510 370 14.5
0 462 314 18.5
DN1200 0.02 512 405 12.5
0 457 338 17.5
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