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Tab. 1 The SiC content in different experimental groups
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Fig. 1 Schematic diagram of the tensile specimen
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Fig. 3 Characterization of the electronic structure of the SiC
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Fig. 4 Characterization of the electronic structure of the Fe,C
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JZ28 5 7 9 11 13

Osc  THIEL 324 298 309 297 298
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Fig. 6 Schematic diagrams of different interface models
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Tab. 7 Interface bonding functions of the Fe,C (14, /SIC (13, model

L] f§g1C & LFe %K 1/Fe-Fe fi§g2/C i 2IFe 1% 2/Fe-Fe
W, (J+m™) 1.808 1.842 0.510 0.513 0.507 0.520
R8  FesC (1) /SIC (1) EHEIHI R BE
Tab. 8 Interface energies of the Fe;C (14, /SiC (13, model
S fi§w1C 14 1Fe 15 LIFe-Fe TiiE2iC 1 2IFe 15 2/Fe-Fe
ol (J+m™) 1.338 1.304 2.629 2.628 2.615
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Tab. 9 Characteristics of the graphite spheres of the
nodular cast iron after pretreatment

i a b c d
SICHI A wt.% 0 0.05 0.1 0.15
BRI 1% 84 91 93 88
BRERMEEIE (4 - mm?) 328 434 472 512
RG] =4 ft/ ft/ =Y
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Fig. 7 Graphite morphology diagrams of the ductile irons with different SiC contents

312 IRUEEFRMENBREF IR EM ARSI
NARAESICHHL & EXTIRBE AR MNALRH
I, ZA%EEEIREF BIREB BRI AE
B (E8) . ERER, MESICIIAN, BRGIKEEEEY
BREE. 0.1%SICHRIISINER AR EIER/N; B
2, 0.15%RIERYEAR FIBIRE B FrIEIN, (BTN
SiCiliE . FEASICHMEMESITTER, Siedam=T

=, [BHSEEEERFDEIERSCARRER . BITAT
IESICREMINMAN, ANRET =MAiEE (JIA
SICRE: 0.1%, 0.5%, 1% ) . HIE9FT~, XRD%
FHE, 7E0.5%F11% RINAFIIENE] T RS AEHISICH
{759, IMEBBSICH A INSINBRTEDE . LR
IR, ROMESICERIENFe,CEREZMENTZZE,
AR

(a) JSiC

(b) 0.05%SiC

(c¢) 0.1%SiC (d) 0.15%SiC

E8 TESICEENHEIANFN
Fig. 8 The influence of different SiC contents on the pearlite
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Research on the Heterogeneous Nucleation Mechanism and Mechanical
Properties of Fe,C in Ductile Iron Pearlite Promoted by SiC Particles
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(School of Materials Science and Engineering, Taiyuan University of Technology, Lvliang City Key Laboratory of Advanced Specialized
Iron-Carbon Alloys, Taiyuan 030024, Shanxi, China)

Abstract:

This paper systematically studied the regulation mechanism of silicon carbide (SiC)pretreatment on the
microstructure and properties of ductile iron. By combining first-principles calculations with experimental
verifications, the mechanism by which SiC, as a heterogeneous nucleation site, promoting the nucleation of
cementite (Fe,C)in pearlite was revealed. Theoretical calculations showed that the lattice mismatch rate at the
interface between SiC,y,, and Fe;C) Was only 5.77%, and the interfacial bonding work reached 1.842
JIm?, confirming that the SiC can serve as an efficient nucleation substrate for the Fe,C. The experimental
design included the addition of the SiC with additions ranging from 0 to 0.15 wt.%. The results showed
that an appropriate addition (0.1 wt.%)significantly optimized the microstructure of the ductile iron, with
a spheroidization rate of 93%, resulting in minimized pearlite lamellae spacing, and increased the tensile
strength to 846 MPa. Through the synergistic effects of heterogeneous nucleation and promotion of carbon
diffusion, the SiC effectively refined the spacing of pearlite sheets and enhanced the interfacial bonding,
providing a theoretical basis and process optimization scheme for the high strength and toughening of as-cast
ductile iron, and had significant application value.
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