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Study of the Precipitation of x-carblde in the Tempermg Process
¢ of Some Low and Medium Carbon Steels , -

Yinoshin IMAI‘, Tsugio OGURra,

. Syn0p51s

and Akihisa INOUE

Observations by transmission electron mlcroscopy have been made on some quenched and tempered
carbon steels containing 0°0179,, 0°15%, and O- 48% carbon, to clarlfy the precipitation of X-carbide

in lower carbon steels,
present authors.

which was clearly found during tempering of some high carbon steel by the

The main results obtained are summarized as follows:
(1) There exists X-carbide in the tempering processes of low (0°017%, 0-159,C) and medium

(0-4894,C) carbon steels.

(2) The habit plane of the X-carbide in the medium carbon steel is {112} 4, suggesting that the
carbide may precipitate preferentially on martensite twin boundaries.

(3) The orientation relationship of the X-carbide with ferrite matrix of low and medium carbon
steels is ‘approximately expressed as (100)z/121),, (010)z//(101),, and [001]1g//[111],.
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Table 1. Chemical composition of specimens (%).

Specimen C Si Mo Ni Cr Al P S Fe
No 1 0-48 |- 0007 |<0-001 0-005 0-004 0-008 0-005 0-004 Bal.
No 2 0-15 0-012 |<0-001 0-005 0-004 0-024 0-005 0-005 Bal.
No 3 0-07 0-005 0-003 0-005 0-006 0-016 0-006 0-005 Bal.

Photo. 1.

Transmission electron micrograph of an
untempered martensite of 0'482,C steel
showing fine twins. :
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Photo. 2: The e-carbide in the 0°489,C steel tem-

pered for 5hr at {200°C. (A) Bright
field image, (B) dark field image using
the (0111) e-carbide reflection,
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Photo. 3. The XZ-carbide in the 0-489,C steel tempered for 5hr at 250°C. (A) Bright field

image, (B) dark field image using the (221) X-carbide reflection; (C) selected area
electron diffraction pattern and (D) indexing of diffraction pattern.
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Photo. 4. Thelx-carbide in the 0°482%C steel tempered for 5Shr at 275°C.
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(A) Bright field

image, (B) dark field image using the (112) Xx-carbide reflection, (C) selected area
electron diffraction pattern and (D) indexing of diffraction pattern.
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Photo. 5. The f-carbide in the 0-489,C steel tempered for 5hr fat 275°C. (A) Bright field
image, (B) dark field image using the (112) @-carbide reflection, (C) selected area
electron diffraction pattern and (D) indexing of diffraction pattern.
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O Ferrite e (@-carbide ¥ Double diffraction from @-carbide

Photo.6. Transmission electron micrograph (A) and diffraction pattern (B) from 0°48%C
steel tempered for Shr at 350°C showing the formation of #-carbide.
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Photo. 7. The f-carbide in the 0-489,C steel tem- Photo. 8. The f-carbide in the 0°482,C steel tem-
pered for 5hr at 400°C. (A) Bright field pered for 5hr at 450°C. (A) Bright field
image, (B) dark field image using the £- image, (B) dark field image using the ¢-
carbide reflection. carbide reflection.
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Photo. 9. As quenched structure of 0°159C steel
showing lath martensite. Some twins are
also seen as indicated by an arrow.
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Photo. 10. As quenched structure of 0°01794C steel showing lath martensite.
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Photo. 1ls The _e—"carbide precipitation on dislocations in the 0-159,C steel tempered for 3hr
at 150°C. (A) Bright field image, (B) selected area electron diffraction pattern.
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Photo. 12. The f#-carbide in the 0°15%C steel tempered 3hr at 350°C. (A) Bright field imge,
(B) selected area electron diffraction pattern and (C) indexing of diffraction pattern.
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Photo. 13. The X-carbide in the 0°0179C steel tempered for 3hr at 375°C. ~(A) Bright field image,

(B) dark field image using the (112) ¥X-carbide reflection, (C)

selected area electron

" diffraction pattern and (D) indexing of diffraction pattern.
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Fig. 14. The f-carbide formation on the grain boundary in the 0-0179% steel tempered for 3hr at
450°C. " (A) Bright field image, (B) dark field image using the (002) #-carbide reflection,
(C) selected area electron diffraction pattern and (D) indexing of diffraction pattern.
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