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Evaluation of Microstructure, Quantitative Fractography and Bending
Strength in Cr-Mo Powder Metallurgy Steel

E. Ganjeh and H. Khorsand

Young Researchers Club, Tehran North Branch, Islamic Azad University, Tehran, Iran
Materials science and engineering Division, Mechanical Engineering Department, K.N. Toosi University of
Technology, Tehran, Iran

Abstract: The fracture surfaces of PM Cr-Mo steels intensively depends on pores structure, densification, diffusion of alloying
elements, contact area between particles (sinter necks), microstructural homogeneity, and type of applied load. Also, knowing
about element distribution in PM parts to evaluate what places are good for crack growth, nucleation and coalescenc is
important. In this investigation, fracture surfaces and crack growth mechanism for element distribution environments of cracks
were studied under the three point bending (TPB) test. In this work, crack growth mechanism in Cr-Mo PM parts with three
different densities (6.7, 7 and 7.2 g/cnt’), were evaluated accurately. Crack walk occurred in some places that had more alloying
elements, particularity molybdenum. In addition, crack route was obtained from among the sharpened porosities and

martensite/bainite structures.

Keywords: powder metallurgy (PM), mechanical property, microstructure, crack behavior, fracture surface.
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1. sintering 6. pre-mixed

2. isolated 7. Hoganis

3. interconnected 8. zinc stearate
4. pre-alloyed 9.

5. diffusion bonded 10. span length

1. Khorsand, H., Habibi, S. M., Janghorban, K.,
Yoozbashizade, H., and Reihani, S. M. S., "Fatigue
of Sintered Steels (Fe - 1.5 Mo - 3 Mn - 0.7 C),"
Materials and Structures, Vol. 37, pp. 335-341, 2004.

2. Khorsand, H., Habibi, S. M., Yoozbashizade, H.,
Janghorban, K., Reihani, S. M. S., Seraji, H. R., and
Ashtari, M., "The Role of Heat Treatment on Wear
Behavior of Powder Metallurgy Low Alloy Steels,"
Materials and Design, Vol. 23, pp. 667-670, 2002.

3. Shanmugasundaram, D., and Chandramouli, R.,
"Tensile and Impact Behaviour of Sinter-Forged Cr,
Ni and Mo Alloyed Powder Metallurgy Steels,"
Mater. Design., Vol. 30, pp. 3444-3449, 2009.

4. Fontanari, V. G. Molinari, S. A. "Impact Fracture
Toughness of Porous Alloys Between Room
Temperature and - 60°C," Materials Science and
Engineering A, Vol. 272, pp. 389-397, 1999.

5. Abdoos, H., Khorsand, H., and Shahani, A. R.,
"Fatigue Behavior of Diffusion Bonded Powder
Metallurgy Steel with Heterogeneous
Microstructure," Mater. Design., Vol. 30, pp. 1026—
1031, 2009.

6. Ganjeh, E., Khorsand, H., and Ghaffari, M., "Quality
Study of Crack Growth in Iron-Based Powder
Metallurgy Samples by Three-Point Bending Test,"
Advanced in Applied Physics and Material Science
Congress, Antalya, Turkey, Vol. 2011, pp. 2011

7. Slesar, M., Dudrova, E., and Rudnayova, E., "Plain
Porosity as a Microstructural Characteristic of
Sintered Materials," Powder. Metall. Int., Vol. 24,
pp. 232-237, 1992.

8. Straffelini, G., and Fontanari, V., "Stress State
Dependent Fracture Behaviour of Porous PM Steels,"
Eng. Fract. Mech., Vol. 78, pp. 1067-1076, 2011.

9. Udomphol, T., Laboratory 7: Bend Testing, pp. 1-7,
Mechanical Metallurgy Laboratory, 2007.

10. Campos, M., Sanchez, D., and Torralba, J. M.,
"Sintering Behaviour Improvement of a Low Cr—Mo
Prealloyed Powder Steel Through Mn Additions and
Others Liquid Phase Promoters," J. Mater. Process.
Tech., Vol. 143-144, pp. 464469, 2003.

11. Teimouri, M., Ahmadi, M., Pirayesh, N.,
Aliofkhazraei, M., Khoee, M. M., Khorsand, H., and
Mirzamohammadi, S., "Study of Corrosion Behavior

Y4

transverse rapture strength (TRS)

MUajb

11. energy dispersive spectroscopy
12. necks

13. micro void coalescence

14. cup and cone

&'r
for Nitrocarburized Sintered Astaloy CrM® +C,"
Journal of Alloys and Compounds, Vol. 477, pp.
591-595, 2009.

12. ASTM EB8, "Standard Test Methods for Tension
Testing of Metallic Materials," 2004

13. ASTM B-328, "Standard test Method for Density and
Interconnected Porosity of Sintered Metal Structure
Parts," 1996

14. ASTM B528-99, "Standard Test Methods for
Transverse Rupture Strength of Metal Powder
Specimens," 2000

15. German, R. M., Powder Metallurgy of Iron & Steel,
pp- 499-509, John Wily & Sons, USA, 1998.

16. Gerosa, R., Rivolta, B., Tavasci, A., Silva, G., and
Bergmark, A., "Crack Initiation and Propagation in
Chromium Pre-Alloyed PM-Steel Under Cyclic
Loading," Eng. Fract. Mech., Vol. 75, pp. 750-759,
2008.

17.Deng, X., Piotrowski, G., Chawla, N., and
Narasimhan, K. S., "Fatigue Crack Growth Behavior
of Hybrid and Prealloyed Sintered Steels Part I.
Microstructure Characterization," Mat. Sci. Eng. A,
Vol. 491, pp. 19-27, 2008.

18. Hatami, S., Malakizadi, A., Nyborg, L., and Wallin,
D., "Critical Aspects of Sinter-Hardening of
Prealloyed Cr—Mo Steel," J. Mater. Process. Tech.,
Vol. 210, pp. 1180-1189, 2010.

19. Danninger, H., Spoljaric, D., and Weiss, B.,
"Microstructural Features Limiting the Performance
of P/M Steels," Int. J. Powder. Metall., Vol. 33,
pp. 43-53, 1997.

20. Danninger, H., Jangg, G., Weiss, B., and Stickler, R.,
"Microstructure and Mechanical Properties of
Sintered Iron Part I: Basic Considerations and
Review of Literature," Powder. Metall. Int., Vol. 25,
pp. 111-117, 1993.

21.Rosso, M., Dobrzanski, L. A., Otréba, J., and Grande,
M. A., "Mechanical Properties and Microstructural
Characteristic of Sinter-Hardened Steels," Archives of
Mat. Sci. Eng., Vol. 35, pp. 117-124, 2009.

22.Kurgan, N. and Varol, R., "Mechanical Properties of
P/M 316L Stainless Steel Materials," Powder.
Technol., Vol. 201, pp. 242-247, 2010.

WA Sl ) Sled ) Jlo o wdige 53 ab i 3l 5


https://dorl.net/dor/20.1001.1.2251600.1391.31.1.4.6
http://www.tcpdf.org

