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Growth of Cementite Particles in Austenite

Taketo SARUMA, Jinji KUMAGAI, and Taiji NIsHIZAWA

Synopsis:

The coarsening of cementite particles in an austenite matrix has been studied in Fe-C, Fe-C-Cr, and

Fe—C—Mo alloys.
distribution and the mean particle size.
Wagner theory.

A quantitative metallographical technique was used to estimate the particle size
The observed growth rate was analysed using the Lifshitz—
It was found that the coarsening process was fairly well explained by the diffusion

controlled growth mechanism. A special interest was taken to examine the effect of alloying elements

on the coarsening rate of cementite particles.
addition of substitutional alloying elements.

The coarsening rate considerably decreased by a small
In ternary systems such as Fe-C-Cr and Fe-C-Mo alloys,

the growth rate was found to be controlled by the diffusion of substitutional solute in the matrix as predicted

by BjorkLunD, DonaGHEY and HILLERT.

(Received Jan. 14, 1974)
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Photo. 1. Photomicro

graphs of the two phase structure in Fe-C alloy heated at 1 000°C for
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(a) lhr, (b) 3hr, (c) 10hr and (d) 30hr respectively.
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Fig. 1. Number of particles in unit volume in a given size class as a function
of the particle radius in Fe-C alloy.
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Fig. 2. Histograms showing the size distribution of cementite particles in Fe-C alloy. Dotted
curves indicate the steady state size distribution predicted from diffusion controlled

growth mechanism.
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Fig. 3. The total number of particles in unit
volume plotted against heating time.

OEHXCAHLTWB T Ehbr b ThIERPT
DEFRF D AR A P MR O AL R 19~
LEAHTHRBRTHD.
32 A—2FF+14 MRTOE XY 214 PRTORBKIC
bBLITESNEORE

3.2.1 &2 &4 MRFOREERE

Photo. 2 1x Fe-C-Cr &4lic >\ THE b iio—
BlET LbDTHS. Fe-C H&0HE LFEkC, Cr
$ X U Mo 2isin L 22 BUEHT D W CBIRIIRTR & 72 D ORE
FH (Ny)j LRFEE 7 OFFRE oy bLAEDOD
nEhFh Fig.5 3 X Fig.6 TH5. ZZTHRYA
X5 5 ZADIE% Fe-C-Cr &4z >\ Tix 0-2p kG,
Fe-C-Mo &4 Tt 0:25; flifRic & b, &2 7 AE

13 10 30 100 200 300 hr
) T L§ T T T T
Ll Fe-C
l 0,
s | 000°C
L J
o b 900°C

1 1
60 80 100 120
t"

Fig. 4. Variation of mean particle radius
with heating time in Fe-C alloy.
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Fig. 7. Variation of mean particle radius with
heating time in Fe-C-Cr alloy.
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Fig. 8. Variation of mean particle radius with
heating time in Fe-C-Mo alloy.

Table 1. Values of x obtained from coarsening
data.
£ X 108, cm/secl/3
800° C 900° C 1000°C
Fe-C 1-66 5-05 9-36
Fe-C-Cr 0-73 1-78 2-49
Fe-C-Mo 1-37 3-70 5-64
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Table 2. Values of uj and Ky obtained from EPMA analysis.

Concentration of Cr or Mo, wt 9% . S
Specimen Temperature °C up x 103 Ky
Austenite Cementite
800 0-20 1-51 22 66
Fe-C-Cr 900 0-22 1-33 24 6-0
1 000 0-29 1-33 33 4-6
800 0-24 0-86 1-4 3-6
Fe-C-Mo 900 0-25 0-87 1'5 3-5
1 000 0-29 083 1:7 2-9
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Fig. 9. Distribution function Ky as a function
of inverse temperature.
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analysis of growth rate of cementite
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Diffusion coeficients as a function of
inverse temperature. Filled circles
indicate the values obtained from the
analysis of growth rate of cementite
particles in Fe-C-Cr alloy.
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Fig. 12. Diffusion coefficients as a function of
inverse temperature. Filled circles
indicate the values obtained from the
analysis of growth rate of cementite
particles in Fe-C-Mo alloy.
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