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Fig. 15 Microstructure of upper bainite as seen in the transmission electron microscope. Note
carbides in the ferrite lath boundaries. Thin foil. Original magnification 5500x
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Fig. 1 Crystal structures. (a) Austenite (fcc). (b) Ferrite (bec). (¢) Martensite (bct)
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Fig. 11 Optical micrograph showing martensite laths in Fe-0.2%C alloy.
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Fig. 12 Transmission electron micrograph showing a packet of martensite laths (between arrows)
formed in an Fe-21Ni-4Mn alloy. Source: Ref 10. Reprinted with permission
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Fig. 14 Bright-field image of martensite dislocations obtained using the (001), reflection. Source: Ref 11.
Reprinted with permission
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Fig. 15 Scanning electron micrograph showing distribution of martensite laths after removal of a 380 pm
layer from the original specimen. (b) High-magnification micrograph of the framed region shown in (a).
Source: Ref 12
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Fig. 6 Plate martensite formed in an Fe-1.86C alloy. Arrows indicate microcracks.
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Fig. 10 Transmission electron micrograph showing internally twinned martensite plate in a matri

retained austenite in an Fe-Ni-C alloy. The fine twins in the martensite are transformation twins. Sou
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Ficure 11.21  (a) Yield strength, tensile strength, and Brinell hardness versus carbon concentration for plain carbon steels
having microstructures consisting of fine pearlite. (b) Ductility (%EL and %RA) and Izod impact energy versus carbon
concentration for plain carbon steels having microstructures consisting of fine pearlite. (Data taken from Metals Handbook:
Heat Treating, Vol. 4, 9th edition, V. Masseria, Managing Editor, American Society for Metals, 1981, p. 9)
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Ficure 11.22  (a) Brinell and Rockwell hardness as a function of carbon
concentration for plain carbon steels having fine and coarse pearlite as well as
spheroidite microstructures. (b) Ductility (2eRA) as a function of carbon
concentration for plain carbon steels having fine and coarse pearlite as well as
spheroidite microstructures. (Data taken from Metals Handbook: Heat Treating,
Vol. 4, 9th edition, V. Masseria, Managing Editor, American Society for Metals,
1981, pp. 9 and 17.)
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Fie. 8 Micr Transformation Structures” in this Volume). For example, pearlite in low-carbon UNS G10080 steel is seen in
182. 1 . . M . .
Thge lamelfa: fFlg: 8. Note the lafnellar mnrphulngy of the cgmentlte in the pat_che.s of pearlite. ThlS. ste-.ﬂjl was slow cooled
during transformation from austenite to pearlite, and the pearlite interlamellar spacing is coarse. Another
\ - example can be seen in Fig. 9 for a faster cooled low-carbon steel, where dark patches of pearlite appear at the
~ ~ferrite grain boundaries. The lamellar morphology of the cementite is not apparent in this micrograph, because

v / the interlamellar spacing of the ferrite and cementite plates is not resolved, even at this magnification of 1000x.
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Fig. 9 Microstructure of a normalized UNS G10080 steel showing unresolved pearlite islands in a ferritic
matrix. 4% picral etch. 1000x
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Table 2 Tempering reactions in steel

Temperature Reaction and symbol (if designated) Comments
DC‘ DF
-40 to -40 to Clustering of two to four carbon atoms on Clustering is associated with diffuse spikes
100 210 octahedral sites of martensite: segregation of around fundamental diffraction spots of
carbon atoms to dislocation boundaries martensite.
20— 70— Modulated clusters of carbon atoms on (102) Identified by satellite spots around electron
100 210 martensite planes (A2) diffraction spots of martensite
60—80 140— Long period ordered phase with ordered Identified by superstructure spots in electron
180 carbon atoms arranged (A3) diffraction patterns
100—  210—  Precipitation of transition carbide as aligned Recent work identifies carbides as eta
200 390 2 nm diam particles (T1) (orthorhombic. Fe>C): earlier studies identified
the carbides as epsilon (hexagonal. Fex4C).
200—  390-  Transformation of retamned austenite to Associated  with  tempered  martensite
350 660 ferrite and cementite (T2) embrittlement in low- and medium-carbon
steels
250— 480- Formation of ferrite and cementite: eventual This stage now appears to be initiated by chi-
700 1290  development of well-spheroidized carbides carbide formation in high-carbon Fe-C alloys.
in a matrix of equiaxed ferrite grains (T3)
500—- 930-  Formation of alloy carbides in Cr-. Mo-. V-. The alloy carbides produce secondary
700 1290 and W-containing steels. The nux and hardening and pronounced retardation of
composition of the carbides may change softening during tempering or long-time
significantly with time (T4). service exposure around 500 °C (930 °F).
350- 660-  Segregation and cosegregation of impurity Responsible for temper embrittlement
550 1020  and substitutional alloying elements
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