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The Influence of Selenium on the Ageing of Low Carbon Steel
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Synopsis :

Carbon precipitation in Fe-0.018%C and Fe-0.018%C-0.009%Se alloys was studied by
measuring electrical resistivity after quenching from 710°C. Ageing treatment was
carried out by isochronal and isothermal annealing. In the alloy without selenium, two
stages of resistivity change were observed, one at about 142°C, associated with the
formation of metastable carbide, and the other at about 236°C, associated with the
formation of cementite. In the alloy with selenium, however, two stages occurred at about
130°C and 230°C respectively, and a transitional stage accompanied with the increase
of resistivity was observed between these two stages. Further, in both alloys, small
resistivity change was observed below 50°C. This stage can be interpreted in terms of the
formation of unstable carbide. From the analysis of the resistivity change during
isothermal annealing at 100°C it is suggested that selenium acts upon nucleation of
metastable carbide. This is confirmed by hardness measurement and electron

microscopic observation. The transitional stage is also discussed qualitatively.
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Synopsis : ‘

Carbon precipitation in Fe-0.018%C and Fe-0.018% C-0.009% Se alloys was studied by
measuring electrical resistivity alter quenching from 710°C. Ageing treatment was carried out by
isochronal and isothermal annealing. In the alloy without selenium, two stages of resistivity change
were observed, one at about 142°C, associated with the formation of metastable carbide, and the
other at about 236°C, associated with the formation of cementite. In the alloy with selenium, however,
two stages occurred at about 130°C and 230°C respectively, and a transitional stage accompanied
with the increase of resistivity was observed between these two stages. Further, in both alloys, small
resistivity change was observed below 50°C. This stage can be infterpreted in terms of the formation
of unstable carbide. From the analysis of the resistivity change during isothermal ennealing at 100°C
it is suggested that selenium acts upon nucleation of metastable carbide. This is confirmed by
hardness measurement and electron microscopic observation. The transitional stage is also discussed

qualitatively.
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Table 1 Chemical composition of altoys used (wtZ2)

Specimen C ‘ si | Ma P | s | Cu Ni Al N Se
! e v —— .
1 Fe-0. 013‘2’5@ 0.018 | <0.005| 0.030]| <0001 o0.004] o0.003] o0.012] o001 o003 -~
3 Fe 0. 018%C- = - Sol P
0.000% Seatloy|  0-018| <0.005| 0.030 | <0.001| 0.004| 0.003] 0.01| 0.001] 0.0030] 0.009
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Fig.1 An isochronal annealing
curve of quenched Fe-0.018%C
alloy by the electrical resistivity
measurement, The lower curve
is its temperature derivative

Fig. 2 An
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Table 2 Temperature corresponding to dp/dTmax(°C)

~.._Stage | R
Specimen ™, S T R
1 — ‘ 40 | 142 ‘ - ‘ 236
ST T [ ]

isochronal
curve of quenched Fe-0.018%C-
0.009% Se alloy by the electrical
resistivity measurement. The lower
curve is its temperature derivative

Temperature ()

annealing

[sothermal annealing

Specimen 1

To=710C

0.5}

Normalized resistivity change

1.0 ; . h
10! 1 10 102 10°
Time {min)

Fig.? Isothermal annealing curves of quenched
Fe-0.018% C alloy by the elecrical resistivity
measurement
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Fig.4 Isothermal annealing curves of quenched Fe
-0.018%C-0.009%Se alloy by the electrical
resistivity measurement l
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Table 3 {3 and {. at stage II (min)

.. Temp | B 7I7 o )
L weeec | raeec ‘ 170°C

b Specimen et
| 1 | s | o3 4.5

,!% — [ S S S

2 60 13.4 1.8
1 230 EY) 4.0

£ Z
P 70 12 1.7

tiy : Time corresponding to 502 resistivity
t: : Time corresponding to [da/d(1og}]max
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a) Fe-0.018% C alloy quenched frem 710°C, then
aged 20 min at 100°C
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Fig.5 Isothermal annealing curves of quenched
Fe-0.018%C and Fe-0.018%C-G. 009%Se alloys
by the hardness measurement

b) Fe-0.018% C-0.009% Se alloy quenched from
710°C, then aged 20 min at 100°C

Photo.1 Electron micrographs of two alloys
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{bh) Quenched from 710°C, then aged 90 min at
100°C

(d) Quenched from 710°C, then aged 1300 min at
100°C 100°C
Photo. 2 Electron micrographs of quench-aged Fe-0.018%C alloy

el

(a) Quenched from 710°C (b) Quenched from 710°C, then aged 20min at
100°C

(c) Quenched from 710°C, then aged 85 min at (d) Quenched from 710C, then la.géd 26()*;":1»111' at
100°C 100°C
Photo.3 Electron micrographs of quench-aged Fe-0.018%C-0. 009%5e alioy
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@ [sothermal annealing
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Fig.6 Isothermal annealing curves of Fe-0.018%C
-0.009% Se alloy quenched from 710°C, then
aged at 170°C and 210°C by electrical resistivity
measurement

stage 1" COHRLXHA<D0, REEA
Mig 170°C TERBEMATe, e H— 3 1 1
O A RFFET 2 0E, 201210°C v8R
B Lo, TOBROBERBAELE Fig.6 R
4+, 210°C CoERBHENFOTBSIBHNE L, K
R E L Em T 5 2, RO TRERMECE

(a} Aged 12.5min at 170°C

(c) Heated 20 min at 300°C
Photo. 4 Electron micrographs of Fe-0.018%C-0, 009%S3e altoy heated at 300°C after quenching
from 710°C and ageing at 170°C
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Table 4 dpmax, 4 and ¢ at transitional stage

ty @ time corresponding t0 Apmax
t; :time corresponding to |dp/d(logi)|max

Specimen 1 2
4pmex(x107 Qem) | 2.39 2.89
7 (min} ‘! 2.5 0.9
te(tain) i 30 60

LETHEAT S, - O @M IEERE L2 & 40E
HTHh 3. © OBECOEIEROREXHMNE
(domax), THEZHIET S8R (o) 5 I 01 2
vEA FOFTHEE (de/dlog ) il Ricie %
B () % Table 4 v x4, EF 1 LER
EHOBMENAKRE , o 2FAMEC FE T 505H
LT,

ZOE BB TONBRBOE LA D,
170°C T e H—-~ 1 FOFHETRET SELAEY
BEAOERA TN L, ERETBRE S o
#2, FOiF% Photo. 4 iR+, 170°C Tk
i I h T LEme H—-51 rid, 300°C x 20min

(b) Heated 15 min at 300°C

(d) Heated 54 min at 300°C
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Fig.7 log (ty) vs 1/T plotting from the isother-
mal annealing data at 100°C
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Fig. 8 log {log(1/1— W )}vs log(?) plotting from the
isothermal annealing data at 100°C

Table 5 p and ¢

e Temp o ggec ‘ 130°c | 170°C

Specimen. | 2 | * | b | 7 » |t

L [ 1.32 [ 246 ‘ 1.30 | 43 176 |5a4
' 2 i1:33 | 0.5 169 | 15.9 | 2.18 |z.047
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Fig.9 Theoretical curves for precipitation in alloys
calculated from Eq. (2)
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Fig.10 Comparison of the theoretical curves from

Eq. (2} and the electrical measurement of
carbon precipitation in the two alloys
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Fig. 11 log(s) vs t plotting from isothermal an—
nealing data
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