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TABLE | M, values obtained In various investigations

Transformatior
lnvmlm.tlv\'\ temperature

Metal analyss

M,, *( Rate, degCls
Esser o al 520 1 8 000 carbon 0017
no record of
metallhics
Gilbert and 545 5 500 ( 0010
Owen 8 0
0, 0-008
~ 0 004
P 0002
Duwesz 750 12000 carbor 0-00)
trace meta
Impuritios
each loss than 0.001)
ll. loss than 002
Brivastava 510 10000 ( 0008
and Parr 81 002
Ni 0-08

EXPERIMENTAL RESULTS
The results shown in Fig.2 represent the transformation
temperature as a function of cooling rate for samples from
source (a). Metallographic examination of samples polished
before transformstion showed surface rumpling when the
lower transformation temperature 605°C
measured (Fig.4). The higher transformation temperature
(at cooling rates between 5000 and 30000 deg(/s was asso
ciated with no surface rumpling (Fig.3). In Fig.5 the trans
formation temperature results (source (a) iron) at rates less
than 10000 degC/s are compared with the figures of Duwez,
and Gilbert and Owen

During the course of the quenching experiments on sources
(a) iron, a number of samples were found to transform
martensitically at the more frequently quoted M tempera
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ture. about 540°( with up'-r"'m"l' seatter between H40
and 695°( Experiments were conducted to determine
whether this variation was attributable to prior thermal
or mechanical history, but results were negative. The pre
dominating feature was that any one sample al trar

formed at the same temperature for a given cooling rate

within an experimental error of less than 5 deg(C. Micro
scopic examination of the iron bar stock showed what
appeared to be small particles of cementite at some grain

boundary regions; it therefore seemed possible that, in view
of the small size of our samples, this carbon heterogeneity
might lead to samples containing different quantities of
carbon
at 695°C at 40000 deg(’/s was subjected to an incremental

To test this assumption, a sample that transformed

carburizing treatment in natural gas, and subsequently after
each treatment its transformation temperature mea
T'he approximate amount of carbon absorbed by the
Acy temperature
Ac, would
reed “_ temperature
Fig 6). Un
the actual carbon content ! the iron that trans
sitically at 700°( accurately (for
the analysis of such small samples was not possible)

Iron from
periments with
transformed martensitically at 750 (
cal rate for martensitic

WAS
sured
specimen was assessed by measuring the
and assuming that. for a constant heating rate
be lowered 10 degC /G 04° ,C. The mea
dropped drastically with small carbon tions
fortunately
forms marter 15 not known

source (b) was obtained after most of our ex

iron were completed. Samples
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& % 750 martensite surface structure of iron cooled at 50000
degC/s. Transformation temperature 694°C

and the value of My quoted was obtained with a quenching
rate of 52000 deg(’/s. The Ac, temperature of this iron was
916°C. The Acy temperature of iron from source (a) whose
M, was 695°C, was 915 ( (average of several samples). This
implies that samples from source (a) that transformed mar-
tensitically at 605°C contained between 0:001%; and 0-0056
%C.

As the carbon content of the sample is increased, not only
does the M, temperature fall, but the critical quenching
speed is reduced from 33000 degC/s for an M, of 695°C, to
5000 degC/s for an M, of 540°C

The effect of changing specimen size between 0-1in cube
and 0:005 x 0-01 x 0-0lin had no effect on transformation
temperature at a given rate. Further, soaking temperatures
between 050° and 1300°C had no effect. Hardness measure-
ments made on transformed samples are summarized in

Table II.

DISCUSSION

Taking our results in the context of earlier work, it is safe
to assume that the 540 C transformation temperature is
associated with carbon contents between about 0-005 and
0:01%. The scattered results reported by some workers and
the spread we observed are to be expected if My v. carbon is
a8 shown in Fig.6. The M, temperature of our highest-

‘nlr;ty material (sourc b which contains less than
900§
he y- ¢ & oors fron
» v
8501\ g rote ronge 3
S
80OC

Reswity of we
550 Results of prese e shqotion
o M pont
SOX
O 100 20¢ 100 500 OO 100 80O 00 1000C

§ The y->a transformation in pure wron (¢
0-10000 deqgt " '8)

lir q rale range

Journal of The iron and Steel Institute

800 ———————— ]
M; volues for vonous iron - corbon alloys |
n |
——Jeniotve wolues from present l
‘m nveshigahon l
& | > Eser
55&}* e i
é ‘m’ - ~—From Greninger ;
g | o
= 300} |
| . !
200+ |
|
100} {
1 [
ol 1 SNINOSS, [NORVE. (JENOR SO (WP JESUN. USRS [ONE. |
0 OI 02 03 04 05 06 07 08 09 10

At-%C
8 M, values for various sron—carbon alloys

0:00179,C, is 750°C.* This temperature is sufficiently close
to the quoted Curie temperature for iron (770°C) to remind
one of Zener's'® contention that fee iron should transform
to the bee structure at the Curie temperature. However, we
are not certain of the precise value of the Curie temperature
for high-purity iron; and we are more intrigned by the
approximate extrapolation of M, at low carbon values to
zero carbon, for it appears that M, for pure iron (with sub.
stantially zero carbon) would lie between 800° and 900°C.

The M, temperature for high-purity iron (source (b)) is in
line with data extrapolated from Fe-Ni alloys. However,
it appears that most, if not all, of the M, data for such
alloys pertained to massive rather than to martensitio trans-
formations, which casts doubt on the value of these extra-
polations. Recent work by Swanson,!! however, yields an
M, value for iron extrapolated from Fe-Ni M, data (the
transformations were identified by shape change) of 680°C.
The susceptibility of Fe-Ni alloys to carbon has been in-
vestigated by Yeo,® whose curve of My v. carbon content
for an Fe-22-49Ni alloy, has a pronounced upward turn
at 0-029,C

In the light of the newly established M, temperature for
pure iron, the thermodynamic approach?? to the martensitic
transformation is again cast into doubt. It has already been
shown by Anderson and Hultgren'® that the enthalpy data
obtained by extrapolation involve an error that is of the
same magnitude as the eventually calculated driving force
of the austenite-martensite transformation. Further, Singh
and Parr'* have shown that an emf is generated by a cell

ed by the Battelle Memorial Insti
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TABLE Il Microhardness results in pure iron
Average
Heat microhardness
Remarks

treatment VPN

oled 112415

1. Slow f 4 specimens
100 deg aoross any ons sample + 10
2. Massive iron 142 £ 15 s of 3 spe e
quenched at ATIALION KCTOSS A ne sample 4+ 10
25000 degC/e

transformatior
temperature

3 i64 4+ 2 Average of 3 apecumens
T, "C» Hardness, HV
1. 540 184 418
2. 525 154 4+ 10
3. 530 1754 15
4 143 + 3 ET, 0% hardness, HV
53000 degC/s 1. 885 138 4 10
2. 754 148 4+ 10
®* Transformation temperaturs











