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Electron Diffraction on Strained Cementite in Steels

Akihisa INGUE, Tsugio OGURA,

Tsuyoshi MAsuMOTO, and Yunoshin Taar

Synopsis:

In order to investigate the mutual relation between strained cementite and %-carbide, observations
by transmission electron microscopy were made on internal defect structures and crystallographic natures
of cementite in cold-rolled high carbon steels containing 0.86% and 1.25% carbon. Thermomagnetic

and X-ray diffraction measurements were also made for comparison’s sake.

are summarized as follows;

The main results obtained

1) The strained cementite in cold-rolled high carbon steels contains dislocation and the other
defect structures of various types. The cementite which was suffered an extremely heavy straining has
also fine strain markings and moiré fringes of nearly 100 A in spacing.

2) The electron diffraction pattern of strained cementite generally distorts as compare

d with that

of cementite free from strain. The distorted electron diffraction pattern is, however, never agreeable

with that of monoclinic X-carbide, showing that the strained cementite is not identified with

¥ -carbide.

3) Internal defect structures, the distortion ot electron diffractin pattern, and the tangential spread

of diffraction spot disappear by the annealing for 5hr at 700°C.
4) "Raise in the curie point of cementite with the degree of cold-rolling is detected by the present

thermomagnetic measurements. The result of X-ray diffraction of cementites in t

he cold-rolled steels

shows peak shift, lowering of peak height, and broadening of diffraction line. Any peak from ¥-
carbide is not detected. These results are consistent with the above electron microscopic observations.
5) The strained cementite showing the distorted electron diffraction pattern is also observed in the

tempered high carbon steels.

From these experimental results, it is suggested that the strained cementite suffering some constraints
from ferrite matrix in tempered steels is not regarded as Z-carbide.
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Table 1. Chemical composition of specimens (wt %).

Specimen C Si a Mn 1J Ni | Cr | Al E P d 'S Fe
No 1 0.48 | 0.007 | 0.001 | 0.005 | 0.004 | 0.008 | 0.005 ' 0.004 @ Bal
No 2 0.86 0.015 | <0.001 | 01005 , 0.010 | — | 0.004 ' 0.004 | Bal
No 3 1.25 | 0.02¢ | 0001 | 0.001 | 0.003 | 0.098 | 0004 | 0.004 | Bal
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Photo. 1. Transmission electron micrograph of massive cementite in furnace cooled 0.869,C

steel. (A) : Bright field image, (B) : Selected area electron diffraction pattern.
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Photo. 2. Dislocation arrangement in cementite in 0.869,C steel cold-rolled to 75%

reduction after furnace cooling.
area electron diffraction pattern.
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Photo. 3. Moiré fringes and fine extinction contours indicating the heavy deformation
of cementite in 0.869%C steel cold-rolled to 759, reduction after furnace
cooling. (A) : Bright field image, (B) : Selected area electron diffraction
pattern.
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Photo. 4. Electron diffraction patterns of cementites in 0.8624,C steel cold-rolled to 75%,
reduction after furnace cooling. (A) : [100]5 beam direction, (B) : [010],
beam direction, (C) : [001] , beam direction.
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Photo. 5. The electron diffraction pattern same
as Photo. 4 (C) tilted by several
degrees.
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Photo. 6. Residual dislocations and other strain markings of cementite in 0,862,C steel
annealed for 4hr at 600°C after 759 cold-rolling.

electron micrograph of cementite in 1.259,C steel annealed for Shr at 700°C

T

T

after 9295 cold-rolling showing the perfect annihilation of defect structures.
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Fig. 1. Thermomagnetic curves showing the change in curie point of cementite with cold-rolling.
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Fiz. 2. Curie point of cementite in 1.259%C steel
annealed for 5hr at various temperatures
after 929 cold-rolling.
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Fig. 3. X-ray diffraction line profile for cementies in annealed or 929, cold-rolled 1.2524,C
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Fig. 5. Change in the peak position of diffraction
line with annealing for 5hr at various

Fig. 4. Change in the integrated half value temperatures after 922 cold-rolling.
breadth of cementite in 1.259,C steel with

annealing for 5hr at various temperatures
after 9294 cold-rolling
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+ Twin
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: : ; % Double diffraction
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Photo. 8. The #-carbide in the 0.4894,C steel tempered for 5hr at 400°C. (A) The bright field
image, (B) the dark field image using the (212) §-carbide reflection, (C) the selected
area electron diffraction pattern and (D) its schematic representation.
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