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Table 1 Chemical composition of high Si-Mo ductile iron wg/%
BREG 4 C Si Mo Mn P S Mg Cr \% Fe
Si-Mo 3.35 4.33 1.11 0.251 0.015 0.012 0.031 — —
Si-Mo-Cr 3.37 4.36 1.14 0.249 0.015 0.012 0.039 0.473 — NiE
Si-Mo-V 3.35 4.33 1.15 0.255 0.015 0.011 0.037 — 0.33
Si-Mo-Cr-V 3.29 4.29 1.12 0.253 0.015 0.011 0.033 0.43 0.36
(d)-
200 pm 200 pm
(a) Si-Morkik (b) Si-Mo-Crk#k  (c) Si-Mo-VERE  (d) Si-Mo-Cr-VEREk
Bl HSERERIEAER
Fig. 1 Matrix structure of as-cast ductile iron
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Table 2 Microstructure and mechanical properties of as-cast high Si-Mo ductile iron
G E  EEGON ARBEREY (4 - mm?) RGN BORUWEUR% BRAECE/%  SURRE/MPa KA/ % A K EFHBW
Si-Mo 2 126 7 12.07 3.13 617 6.5 219
Si-Mo-Cr 2 104 6 21.45 7.36 667 1.0 306
Si-Mo-V 2 121 7 2.67 0.26 715 1.2 234
Si-Mo-Cr-V 2 119 7 8.31 1.53 672 1.1 229
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Fig. 2 Number of thermal cycle as the main crack reaching 2 mm at
870 °C for four ductile irons
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Fig. 3 Surface macroscopic morphology of sample after thermal cycle
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Fig. 4 Morphologies of crack area and crack tip area in high-Si-Mo ductile iron after 25 times of thermal cycle
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Fig. 5 Distribution of elements and location of measuring points at crack area after thermal fatigue cycle of high Si-Mo ductile iron
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Table 3 EDS analysis results of high Si-Mo ductile iron at%

LIPS C 0 Si Fe Mo
1 1.83 64.34 1.87 31.97 —
2 11.11 68.34 3.33 17.22 —
3 1.14 77.91 0.89 20.06 —
4 14.17 48.57 1.38 34.90 0.97
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Fig. 6 Morphologies of crack area and crack tip area in high Si-Mo ductile iron with Cr after 90 times of thermal cycle
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Fig. 7 Distribution of elements and location of measuring points at crack area after thermal fatigue cycle of high Si-Mo ductile iron added with C
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Fig. 8 Morphologies of crack area and crack tip area in high Si-Mo ductile iron with V after 110 times of thermal cycle
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Fig. 9 Distribution of elements and location of measuring points at crack area after thermal fatigue cycle of high Si-Mo ductile iron with V
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Table S EDS analysis results of high Si-Mo ductile

iron with V at%
S ¢ 6] Si Fe Mo
1 1.36 73.04 0.96 24.64 —
2 1.14 72.87 0.33 13.64 12.02
3 3.74 62.91 231 31.04 —
4 5.66 62.69 — 15.91 15.74
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Fig. 10 Morphologies of crack area and crack tip area in high Si-Mo ductile iron containing Cr and V after 65 times of thermal cycle
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Effects of Vanadium and Chromium Elements on Thermal Fatigue
Properties of High Si-Mo Ductile Iron

WU Xiao-ming', XU Jin-feng', HAN Fei', ZHU Ming?®, ZHAO Xin-wu®, GAO Jun®

(1. School of Materials Science and Engineering, Xi'an University of Technology, Xi'an 710048, Shaanxi, China; 2. Duowei Co.,
Ltd., Dafeng 224115, Jiangsu, China; 3. Xixia Internal Combustion Engine Intake and Exhaust Pipe Co., Ltd., Xixia 474500,
Henan, China)

Abstract:

The effects of single addition and compound addition of chromium and vanadium on thermal fatigue
properties of high silicon molybdenum ductile iron were studied by the self-constrained thermal fatigue test.
The results show that the number of thermal cycles, as the main crack in different ductile irons reaches the
same length, is significantly different due to different alloying elements and alloying modes. The main crack
for the thermal fatigue sample firstly initiates at the edge of the sample and gradually extends to the center of
the sample. The main factors influencing thermal fatigue are thermal stress and surface oxidation. Under the
same test conditions, high Si-Mo ductile iron with Cr has a maximum number of thermal cycles as the main
crack in several ductile irons reaches the preset length, which exhibits excellent thermal fatigue performance.
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high Si-Mo ductile iron; vanadium; chromium; thermal fatigue properties
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