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Abstract

While the density of materials is important for their mechanical and service properties, it is
striking that so little is known in the case of silicon cast irons, which are essentially Fe-C-Si
alloys with graphite precipitates in an iron-rich matrix. In this work, a review of literature data
was used to establish an expression for the lattice parameter of ferrite based on that of pure
iron, to which were added the individual effects of carbon, silicon, manganese, phosphorus
and copper. The expression thus obtained is valid for a homogeneous material, and a

correction is proposed to take account of the presence of graphite in Fe-C-Si ferritic alloys.

Next, the ferrite lattice parameter of a series of 12 alloys containing carbon between 1.0 and
4.1 wt.%, silicon between 0.5 and 4.3 wt.%, up to 0.7 wt.% Mn and up to 0.9 wt.% Cu, was
measured by XRD from room temperature to a temperature of 1150°C. These recordings
showed that the mirror polishing used to prepare the samples resulted in surface alteration and
a significant overestimation of the ferrite lattice parameter for temperatures below 500°C. We
therefore carried out high-energy XRD at room temperature, which was free of any surface
effects and validated our analysis. Valid measurements at room temperature and XRD values
obtained at temperatures above 500°C were then successfully compared with the predictions
given by the proposed expression for the lattice parameter of ferrite as a function of
temperature and alloying elements. This work provides the necessary information to calculate

the theoretical density of ferritic cast irons.
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1. Introduction

Knowledge of the density of cast irons is a prerequisite for the improvement of their casting
process and service properties. Silicon cast irons are composite materials made of graphite
precipitates embedded in a Fe-rich matrix that is austenite at high temperature and ferrite or
pearlite at low temperature. In fact, the graphite fraction varies according to casting
conditions, in particular the carbon supersaturation of austenite at high temperatures and the
amount of pearlite at intermediate and low temperatures, generating disparities in thermal
expansion and density values. Furthermore, even for a given matrix microstructure, direct
estimates of the room-temperature density of cast irons show wide dispersion due to the
frequent presence of defects such as micro-porosity. As part of a study dedicated at
characterizing the effect of temperature on the density change of silicon cast irons by
dilatometry, it appeared necessary to have an independent evaluation of the lattice parameters
of the involved phases to calculate their theoretical density. The present work is focused on
ferrite and reports firstly on a review of literature information and then on experimental

results on alloys containing up to 4.3 wt.% silicon.

2. Review of literature information

2.1 Pure Fe

In a review appeared in 1991 and devoted to the thermomechanical properties of iron-carbon
alloys, Jablonka et al. listed 11 papers dealing with the effect of temperature on the lattice
parameter of pure Fe [1]. They noticed that all data for Fe-a were very close to each other but
those from Esser and Muller (referenced by Jablonka et al.) that they excluded during their
further evaluation. Results by Lihl and Ebel [2], Basinski et al. [3], Gorton et al. [4], Ridley
and Stuart [5], as well as the more recent results by Seki and Nagata [6] are plotted in Fig. 1-
a. Note that the first two series of data were given in kX units and have been converted to
Angstrom by multiplying with the coefficient 1.00202 selected by Bragg and Armstrong-
Wood [7]. All these data were tabulated in the original works but that by Ridley and Stuart [5]
who plotted results for two pure iron samples, one with spectrographic and the other with
electrolytic designations. These results lied on the same curve, and those for the
spectrographic material have been picked up from the figure produced by the authors for
plotting the graph in Fig. 1-a. All data are very close to each other from room temperature up
to 500°C, apart for some scatter at room temperature. Above 500°C, the results by Gorton et
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al. [4] assume slightly higher values while the others remain in good agreement between each

other.

Ridley and Stuart [5] mentioned that Esser and Muller reported an anomaly at the Curie
temperature of Fe-a. as occurs for nickel. This anomaly was not seen by Basinski et al. [3]
while it was considered by Gorton et al. [4]. These latter authors fitted their results with the

following equation (A):
Qpe_q = 2.8658 + 3.747 - 1075 - T¢ + 859 - 107 - (T¢)? 0

where T¢ is the temperature expressed in Celsius. The lattice parameter at 20°C would thus be
2.8666 A that is very close to the value of 2.8664 A that is generally accepted for room
temperature, e.g. by Lee and Lee [8].
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Figure 1. Lattice parameter of Fe-a between room temperature to 900°C (a) and between
500°C and 900°C (b). Symbols represent data from literature as indicated in the captions. The
solid line corresponds to equation (1) and the dashed line in b was drawn according to Onink
etal. [9].

Gorton et al. [4] noticed that their equation should be exclusive of the magnetic
transformation range 715°C to 825°C, but in fact this transformation showed little effect in
their case. However, the enlargement in Fig. 1b for the high temperature range shows that the
effect of the magnetic transformation is more significant in works by Seki and Nagata [6],
Ridley and Stuart [5] and Lihl and Ebel [2]. The magnetic anomaly is clearly seen in a
temperature interval of about 35°C around the Curie temperature (770°C) where it relates to a

4
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decrease in the mean linear thermal expansion coefficient on heating through the Curie
temperature. In addition, Onink et al. [9] published results on Fe-C alloys including also pure
Fe. Considering that the carbon content in Fe-a. is negligible, they averaged their data on pure
Fe and three of the four Fe-C alloys they investigated to give an equation describing the
ferrite lattice parameter between 600°C and 900°C, not even mentioning the possible effect of
the magnetic transformation. Their equation has been plotted in Fig. 1b where it is seen that it
underestimates the lattice parameter below the magnetic transition and overestimates it above
the transition, and this is what is also seen in the Fig. 6 of Onink et al. [9].

2.2 Role of carbon, silicon and other alloying elements

Many works on steels assume that the solubility of carbon in Fe-a. is so low that this element
will not affect the lattice parameter. However, the upper temperature for ferrite in high silicon
cast irons is quite high and may be associated with an increase of the carbon solubility. In this
line, the work by Fasiska and Wagenblast [10] is worth consideration. These authors
evaluated experimentally that carbon dilates the ferrite lattice by an amount of 8.4-10 A/at.%

independent of temperature.

The effect of silicon on Fe-a has been investigated since a long time as Fe-Si alloys are the
base for soft magnetic steels. Studies have in particular focused on the determination of the
boundaries between the disordered bcc-A2 and its two ordered variants, B2 (based on FeSi
compound) and DO3 (based on Fe3Si). Amongst the many available studies, the one by Lihl
and Ebel [2] is worth of mention for the extensive and tabulated results that are reproduced in
Fig. 2. These results were given in kX and were converted to Angstrém as already indicated.
Polishchuk and Selisskiy [11] have provided results for temperature up to 1200°C that appear
quite similar but were not given as a table as did Lihl and Ebel. Fig. 2 evidences that silicon
decreases the lattice parameter of Fe-a, and this effect is larger for the ordered variants than
for the disordered ferrite. The change of slope of the series of results thus indicates the upper

limit of the disordered composition domain for alloys that have been equilibrated.
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Figure 2. Effect of silicon content on the lattice parameter of Fe-o. at various temperatures.
Data according to Lihl and Ebel [2] after conversion to Angstrém. The dashed line represents
the upper limit of the disordered Fe-Si ferrite as a function of temperature according to Lihl
and Ebel.

Focusing on the silicon contents lower than that for ordering, i.e. less than 10 at.% as seen in
figure 2, the data for 0, 3.7 and 9.5 at.% were selected and replotted in Fig. 3 as function of
temperature. The results for 3.7 at.% Si and 9.5 at.% Si show a similar temperature evolution
as for pure Fe, which means that the linear expansion does not depend on the silicon content.
In the low temperature range, the effect of silicon was estimated as -6.5-10* A/at.%. A
coefficient of -6.9-10™ A/at.% Si was found by Polcarova et al. [12] to describe the effect of
silicon on the lattice parameter that closely agrees with the present estimate and is definitely
at change with the value of -3.0-10™ A/at.% Si suggested by Leslie [13].

Equation (1) could thus be complemented to write:
Ape—q = 2.8658 + 3.747 - 1075 - T; +8.59 - 107° - (T)? — 6.5 - 1072 - x; (2)
where Xs; is the atom fraction of silicon in the iron matrix.

The corresponding curves have been plotted in Fig. 3 where it can be seen that most of the
experimental values are properly reproduced for temperature lower than 600°C. The
disagreement as the temperature increases beyond could well be related to the magnetic
transition whose temperature, Tcyrie, decreases with the silicon content. This temperature can

be expressed as Tcurie(K)=1043-Xre+504 - Xre- Xsi- (Xre-Xsi) Where Xge and Xs; are the atom
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fraction of Fe and Si, respectively [14]. The values for pure Fe (770°C) and for the alloy at
9.5 at.% Si (706°C) are indicated with the arrows in figure 3.
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Figure 3. Effect of temperature on the Fe-a lattice parameter of Fe-Si alloys at 0, 3.7 and 9.5
at.% Si (as indicated) according to Lihl and Ebel [2]. The solid lines have been calculated
using equation (2). The arrows indicate the Curie temperature for pure Fe and for the alloy at
9.5 at.% Si; see text.

In addition to the results of Lihl and Ebel [2], some other results on Fe-Si alloys at room
temperature (set to 20°C) are available from Farquhar et al. [15], Cockett et Davis [16],
Takeuchi et al. [17] and Polcarova et al. [12]. They are presented in Fig. 4 and compared to
equation (2). The agreement is quite satisfactory though considering the series of results
would suggest a slightly non-linear change of the lattice parameter with the silicon content

instead of the assumed linear behavior.
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Figure 4. Effect of silicon content on the ferrite lattice parameter at room temperature:
comparison of experimental data versus equation (2) shown with a solid line. Data from the
references indicated in the caption.

For further checking the validity of equation (2), we considered the results of Cockett and
Davis [16] who studied Fe-Si alloys from 0.007 to 2.15 wt.% Si at temperature up to 1200°C
in an attempt to better define the limits of the gamma-loop in this system. Fig. 5 compares the
experimental and calculated values for three of their alloys, as indicated in the legend, and for
temperature limited to 1000°C. The agreement appears excellent except for the highest values
at high temperature where predictions slightly overestimate the lattice parameter, probably

because of the magnetic transformation.

2.92
03:/ * 0 at% Si ,
= 291 O  2.84 at% Si @ —
o) 2
- Y 419 at% Si @/
) 9,-
€ o
© 2.90 - L g
© w
a 0
'S
() .
o 289 » 7
£ ,/
g .0
o 2.88 - B
9] .
@ e
S -
o 2.87 L3 —
© -@5’@/
o 2
286 I I I I I
2.86 2.87 2.88 2.89 2.90 291 2.92

Experimental lattice parameter (A)

Figure 5. Experimental lattice parameter of ferrite versus calculated values using equation (2).
Data of three of the alloys investigated by Cockett and Davis [16], nearly pure Fe, an
intermediate one at 1.45 wt.% Si (2.84 at.%) and that with the maximum Si content (2.15

wt.%=4.19 at.%). The dashed line is the bisector.
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The most common other elements present in silicon cast irons at a level that could possibly
affect the lattice parameter are Cu, Mn and P. Velthuis et al. [18] investigated the effect of Co
and Cu on the ferrite to austenite transformation of binary alloys. Using neutron diffraction,
they could measure the lattice parameter of both phases on two Fe-Cu alloys, one at 0.8 at.%
Cu (denoted 1% Cu) and the second at 1.7 at.% Cu (denoted 2% Cu). Though this second
alloy had a composition corresponding to the maximum solubility of Cu in ferrite [19], the
authors reported they did not identify Cu precipitation during their experiments. They found
that the lattice parameter of ferrite is not really modified by the addition of Cu but proposed
an equation describing its variation with temperature for each alloy. These equations are
plotted with symbols in Fig. 6 for the investigated temperature domain of 587C (860 K) to
827°C (1100 K) where it is seen that they are superimposed on each other. The authors
suggested that the negative curvature might be due to the magnetic transformation. Figure 6
also shows the lattice parameter for pure Fe according to equation (1) and to Onink et al. [9].
As in Fig. 1-b, the Onink’s equation parallels equation (1) at slightly lower values, while
underestimating the lattice parameter in the low temperature domain and overestimating it in
the high temperature domain. While Velthuis et al. [18] concluded on a relative increase of
approximately 0.3 x 1073 A/at.% Cu with respect to the lattice parameter of pure Fe for
samples with 0.8 and 1.7 at% Cu, it appears reasonable to consider that this element has no

effect for the contents encountered in cast irons.
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Figure 6. Comparison of the lattice parameter of ferrite measured by Velthuis et al. [18] on

Fe-Cu alloys to the lattice parameter of pure Fe as given by equation (1) and by Onink et al.

[9].
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In the case of Mn solute element, Li et al. [20] determined that the lattice parameter of ferrite
is linearly dependent on Mn concentration, finding a positive coefficient of 5.43-10 A/at%
Mn, which is in good agreement with the value reported by Leslie [13]. On the contrary,
phosphorus decreases the lattice parameter by about 9.6-10” A/at.%. [21]. Taking into
consideration these values and those relative to carbon and silicon discussed above, the lattice

parameter of ferrite is written as:

Ape_q = 2.8658 +3.747 - 1075 - T, + 8.59- 1077 - (T,)?
+84x1072-x,— 651072 x5; + 5431072 - xp,, — 9.6+ 1072 - xp (3)

where X; is the atom fraction of element i in the single-phase ferritic alloy.

3. Experimental details and results
3.1 Experimental details

The investigated alloys have been prepared at the School of Engineering, Jonkoping
University, using standard practice for Fe-C-Si alloys that will be fully described elsewhere.
Their compositions are listed in Table 1, they consist of nine cast irons (A to I) for which
foundry returns were used, and three steels (J, K and L) for which purer materials were
melted. To these was also added a sample of pure Fe used to check the appropriateness of the

defined procedures.

A ferritizing annealing was conducted that consisted in a holding under argon at a temperature
generally set 10°C below the lower limit of the three-phase field, T,, whose values are listed
in Table 1. The usual holding time was 2 days but the treatment could be repeated in case
some pearlite was still present. Alloy J had to be heat-treated for two weeks before any trace
of pearlite had disappeared. One sample was then machined out from each material and
mechanically polished to mirror finish before being subjected to X-ray diffraction (XRD)
analysis in a Bruker D8 Advance equipped with a Cu anticathode and a high-temperature
chamber. The XRD measurements were performed using increments of 0.015° in 26 from 35°
to 105° with a scan speed set to 0.5 s per increment. The furnace temperature was controlled
by a thermocouple in contact with the heating element, while the actual sample temperature

was measured with an S type thermocouple welded to its upper surface. Before starting XRD

10
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measurement, the chamber was evacuated and then filled with argon and a constant low flow
of this gas was then maintained to limit sample decarburization and oxidation. The heating
cycle consisted in increasing the furnace temperature by step with 40 minutes holding for
analysis. After XRD measurement at room temperature, the furnace temperature was thus
successively increased to 100°C, 300°C, 500°C, 700°C, 850°C, 1000°C and 1150°C. The last
three temperatures were high enough for the matrix to be partly or fully in the austenite field.
An additional XRD measurement was performed at room temperature after the heating cycle

for comparison purposes.

Table 1. Chemical composition of the investigated alloys (wt.%) and lower limit of the three-
phase domain, T, calculated using the TCFE-12 database and the ThermoCalc software

package [22].

Alloy C Si Mn P S Cu T, (°C)
A 2.95 1.16 0.35 0.017 0.047 0.81 738
B 4.03 1.05 0.38 0.033 0.065 0.83 736
C 2.18 1.19 0.33 0.016 0.056 0.8 741
D 2.1 1.77 0.36 0.02 0.057 0.81 755
E 4.13 2.62 0.343 0.021 0.042 0.718 783
F 2.19 2.55 0.321 0.015 0.059 0.783 780
G 3.915 1.80 0.290 0.026 0.0530 0.804 759
H 2.966 3.94 0.514 0.022 0.0730 0.820 828
I 2.236 4.26 0.684 0.019 0.1130 0.908 837
J 0.995 0.54 0.017 0.010 0.0075 0 748
K 1.03 1.91 0.017 0.022 0.0060 0 779
L 1.1 3.45 0.024 0.027 0.0110 0 829

The collected XRD data were analyzed to extract the mean lattice parameters by Rietveld
refinement with the Fullprof software. This was done using the first four characteristic
diffraction peaks of ferrite, which are {110}, {200}, {211} and {220}. The error in the lattice
parameter determination was considered as three times the standard deviation reported by the

software, thus obtaining an uncertainty in the order of 3-6=+0.0007 A.

Carbon dissolved in ferrite at each temperature was estimated using ThermoCalc and the
TCFE-12 database for all the alloys listed in Table 1. At the highest temperature where ferrite
is stable, it was found that the maximum content of carbon in ferrite would be of the order of

0.15 at.%. According to equation (3), the maximum effect on the ferrite lattice parameter

11
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would thus be an increase by 1.3-10 A that was considered as negligible owing to the

uncertainties.

The mean lattice parameters of all samples after the XRD cycle were also determined by
using high energy X-ray diffraction (HEXRD) at the PO7 beamline of the PETRA 11l in
DESY (Deutsches Elektronen-Synchrotron, Hamburg, Germany). The beamline configuration
was a 100 keV monochromatic beam (beam size 0.8x0.8 mm?2) corresponding to a wavelength
of 0.12074 A, enabling high penetration depths to be achieved and a large volume to be
analyzed in transmission. A 2D-dectector Perkin EImer XRD 1621 Flat Panel with a
resolution of 2048 by 2048 pixels placed at 1513 mm in transmission was employed in order
to collect the Debye-Scherrer rings in a diffraction angle 26 range between 0° and 10.8° with
an acquisition time of 5 s. The Debye-Scherrer rings were circularly integrated with Fit2D
software to obtain standard 1D diffractogram (I vs 26). The error in the lattice parameter due
to the resolution detector, in addition to the error inherent in the refinement method, was
estimated +1.10° A,

3.2 Results

As a check of the XRD procedure, the lattice parameter of a mirror polished sample of pure
Fe was measured at room temperature, near 290°C (furnace set at 300°C) and near 470°C
(furnace set at 500°C). The present results are reported in Fig. 7 with open circles whose
diameter is about 6-6=1.4-10"° A, together with the data shown in Fig. 1-a for temperature up
to 600°C. It is seen that the present results agree with the reported data, being however in the

upper range of these values.
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Figure 7. Plot of the present measurements on pure Fe onto the results shown in Fig. 1-a for

the temperature range from room temperature to 600°C.

In order to compare the experimental results on the investigated alloys to prediction, one has
to consider the possibility of graphite precipitation within the Fe-rich matrix. Assuming
graphite is pure carbon, all substitutional elements entering in the alloy composition will be in
solution into the matrix. These elements substitute to iron on the so-called substitutional
lattice while carbon if any is located in interstitial sites. The atom fraction of a substitutional
element i, x;, should thus be referred to the sum of the atom fraction of all substitutional
elements. Excluding low level elements, this sum includes Fe, Si, Cu, Mn and P, and writes

S = Xpe + Xg; + Xcy + Xy + xp that will be lower than one.
Accordingly, equation (3) should be modified as following:

Apo_q = 2.8658 + 3.747 - 1075 - T, + 8.59 - 1072 - (T,.)?
+0.084 - x& + < (—0.065 - x5; + 0.0543  xppy, — 0.096 - xp)  (4)

where x¢ is the atom fraction of carbon dissolved in ferrite and copper does not appear in the
brackets because having no influence on the lattice parameter. If there are no other interstitial
element than carbon and if the amount of carbon dissolved in ferrite is negligible, note that

S =1 — x., where x. is the atom fraction of carbon in the alloy.

The lattice parameter from XRD results for each alloy were compared to the prediction from
equation (4) as illustrated in Fig. 8 in the case of alloy I. It is seen that the experimental lattice
parameter increases with temperature as expected, but being significantly above the
predictions for temperatures up to 500°C. Also, it is noticed that the dilatation coefficient
decreases strongly between 300°C and 500°C, and that above this temperature the predictions
are in quite close agreement with the measurements. The temperature range of 300-500°C is
not compatible with the magnetic transformation that occurs above 650°C in Fe-Si ferrite.
Moreover, it was observed that the value at room temperature after the heating cycle
(diamond in the figure) was much lower than the initial value, and in perfect agreement with

the prediction.

13
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Figure 8. Evolution of the Fe-a lattice parameter of alloy | upon heating (symbols along the
dashed line) and room temperature value after cooling down (RT after cycle). The solid line is

according to equation (4).

The behavior illustrated in Fig. 8 was observed on all investigated alloys. Considering poor
grain statistics with laboratory X-rays or partial ordering/disordering of the Fe-Si ferritic
matrix could not explain the discrepancy. In fact, additional experiments described in
appendix A demonstrated that the measurements were highly sensitive to the sample polishing
procedure. Mechanical polishing as used in the present investigation should have generated
strains that then disappeared when heating the sample above 500°C, thus explaining the

change in the lattice parameter at room temperature after the thermal cycle.

Synchrotron measurements are not sensitive to such surface defects and all samples after the
XRD run were tested with the synchrotron at room temperature. The lattice parameter values
thus obtained are plotted in Fig. 9 where are shown also the XRD values obtained after
cooling back to room temperature. The ranking according to the silicon content of the alloy
was used to ease reading but could not be strictly compared to the plot in Fig. 4 because the
actual amount of silicon in the substitutional lattice depends on the amount in carbon and in
other elements of the alloy. It is seen that the HEXRD values are generally slightly lower than
the XRD values but that the overall agreement is quite good owing to the indicated

uncertainties.

14
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Figure 9. Evolution with the silicon content of the ferrite lattice parameter as measured by
XRD and by HEXRD after the XRD cycle. The vertical lines indicate the expected accuracy

on the lattice parameter, namely (+3c) for XRD and +1.10° A for HEXRD measurements.

The results in Fig. 8 led to disregard XRD data obtained upon heating from room temperature
to 500°C. A comparison of all experimental values against the prediction with equation (4)
appears in Fig. 10 where the values in the lower left corner were obtained after cooling back
to room temperature. Also, the high-temperature results where both ferrite and austenite were
recorded have not been considered because the phases may strain each other during the

transformation [18].

Very few other results are available from literature. Those of Huyan et al. [23] could not be
considered because no detail was given on the composition of the investigated alloys apart for
the silicon content. Neutron diffraction was performed by Cowlam et al. [24] on a Fe-C-Si
alloy (1.14% C, 2.03% Si and 0.24% Mn, per weight) tested between 490°C and 597°C and
the results are also shown in Fig. 10. On the whole, the agreement between prediction with
equation (4) and experimental XRD values appear quite satisfactory in Fig. 10. It is thus
surprising that the effect of the magnetic transformation does not show up, which could mean
that it is smoothed by alloying.
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Figure 10. Experimental XRD values of the lattice parameter of ferrite versus values predicted
with equation (4). The dashed lines are the bisector. Values reported by Cowlam et al. [24]

have been included.

Conclusion

The review of literature data allowed deriving an expression for the lattice parameter of ferrite
based on that for pure iron to which were added the individual effects of carbon, silicon,
manganese and phosphorus, while it appeared that copper might not have any effect. The
initial expression thus obtained is valid for a homogeneous single-phase material and was

corrected to account for the presence of graphite in cast irons.

The lattice parameter of a series of 12 alloys with carbon between 1.0 and 4.1 wt.%, silicon
between 0.5 and 4.3, up to 0.7 wt.% Mn and 0.9 wt.% Cu has been measured by XRD from
room temperature to temperature as high as 1150°C but only records without austenite were
considered. It was quite unexpected that the mirror polish used to prepare the sample should
lead to such extensive alteration of the sample surface, which could be due to the softness of
the ferrite phase. Use of electrolytic polishing would have solved the issue that was realized
after the whole set of XRD results had been recorded. Room temperature HEXRD was thus
carried out that are free of any surface effect such as oxidation, decarburization or mechanical
deformation. Valid room temperature measurements and the XRD values obtained at
temperature higher than 500°C were compared successfully with predictions. The effect of the
magnetic transformation that is so evident with pure Fe seems to be smoothed by alloying,

though this conclusion needs further confirmation.
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Appendix A

Considering poor grain statistics with laboratory X-rays or partial ordering/disordering of the
matrix could not explain the discrepancies observed in the room temperature lattice
parameters before and after the XRD heating cycle. This discrepancy is again illustrated in
Fig. Al in the case of alloy L. It was then considered that strains developed during polishing
could be the reason for this. The sample corresponding to alloy L was again submitted to
mechanical polishing after the XRD cycle and the lattice parameter was again measured in
this condition. The results at room temperature in Fig. Al and table Al show that the value of
the lattice parameter decreased by 0.004 A from before to after the XRD cycle, and increased
by 0.002 A by polishing again the cycled XRD sample.

Table Al. Change in the room temperature lattice parameter obtained by XRD for Sample L

before and after the heating cycle, taking into consideration the effect of polishing.

Condition of the sample Lattice parameter (A)

Before heating cycle (polished) 2.8665
After heating cycle (not polished) | 2.8620

Repolished after heating cycle 2.8643

2.900

2.895 | —®—sample L, heating cycle
M after heating cycle

| @ repolished i
2.890 -s==-=ss- equation (4) B

2.885

2.880

2.875

Lattice parameter (A)

2.870

2.865

2.860 L L L L L L L
0 100 200 300 400 500 600 700 800

Temperature (°C)

Figure Al. Evolution of the lattice parameter of alloy L upon heating (disks) and room
temperature values after cooling down in the non-polished (square) and repolished (diamond)

condition.
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The effect of plastic deformation associated with polishing on XRD records has been known
since a long time and is still regularly reported. Quite recently again, Vashista and Paul [25],
Jiang et al. [26], and Gadallah et al. [27] noticed a close relation between the full width at half
maximum (FWHM) of X-ray peaks with the strain or stress state, and Jiang et al. also
emphasized the possible errors this implies on XRD data. All records of the XRD samples
investigated during this work were checked and showed high FWHM at temperature lower
than 400°C when compared to higher temperature, as illustrated in Fig. A2 for alloy L. This
effect was found more prominent for the (211) peak than for the (110) peak. For A, B and K
alloys, it was observed that the FWHM increased again at high temperature after going
through a minimum at temperature between 600°C and 700°C, which could well be related to
the fact that ferrite coexisted with austenite in these samples for temperature higher than
800°C.

0.7 T T T

—@—FWHM (110)

—&—FWHM (211)

FWHM (°)

1 1 1
0.0
0 100 200 300 400 500 600 700 800

Temperature (°C)

Figure A2. Evolution with temperature of the FWHM of (110) and (211) XRD peaks for
sample L. Solid and empty symbols are for (110) and (211) peaks respectively, circles for the
heating cycle, squares for the values after the cycle and diamonds for repolished sample.

According to these observations, it was concluded that the discrepancies found in the room
temperature lattice parameter of ferrite are mainly due to a high sensitivity to the polishing
procedure. This effect vanishes as the sample temperature goes beyond 500°C, and does not
appear again after cooling back to room temperature. Check of sample type and preparation
used in literature works reporting room temperature lattice parameter for pure Fe showed

most of them used powder or fillings that had been stress relieved before experiments.
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