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The crystal structure of martensite in carbon steels is proposed to consider as
a defined system of the lattices blocks. Each block consists of four lattices
with carbon atom at the central axis of the block. There are lattices without
carbon atoms in steels. Carbon concentration in steel determines the quantity
of the blocks with C atom. Edges of the lattices in the blocks and outside them
have different sizes that depend on the distance to the block axis with carbon
atom. It is necessary to consider the martensitic crystal structure in the car-
bon steels as pseudotetragonal or pseudocubic. Reasons of the large width of
the XRD lines of the martensitic phase in the carbon steels are considered and
their explanation is proposed. The number of the ¢ edges, which are changed
in the same way, determines the diffraction lines width of the martensite in
the carbon steels.

Key words: carbon steel, crystal structure, martensite, tetragonality, system
of the lattices blocks.

Kpucraniuny cTpyKTypy MapTeHCUTY BYTJIEIIEBUX CTajeli 3alIPOIIOHOBAHO PO-
3TIALATH SAK IIeBHY cucTeMy OJIOKiB rpaTHuib. KoskeH OJIOK CKJIAIAETHCA 3
YOTUPHhOX I'PaTHHUIL i3 arTomoM KapOoHy Ha IeHTpaJibHill oci 6sioKy. B crami
icuyroTs rpatHUI 6e3 atomiB Kapb6ony. KinbKicTh 6/I0KiB BU3HAUAETHCA KOH-
IeHTpailliero Byrieiio. Pe6pa rpaTHuIlb y 6JI0KaxX i Mo3a HUMU MAIOTh PisHUH
posmip 3aseskHO Bifx BigcTami mo oci 670Ky i3 aromom Kapb6ouy. Kpucramiuny
CTPYKTYPY MapTEHCUTY Y BYTJIEIIEBUX CTAJAX HEOOXiTHO PO3TIAIATH AK IICEB-
JOoTeTparoHaJbHY abo IceBAoKyOiuny. PO3TIAHYTO IPUUYMHY BEJIUKOI T PUHNI
PEHTI'eHiBChKUX JIiHill MapTeHCUTHOI (hasu BYTIJIEI[eBUX CTAJIel Ta 3alIPOIIOHO-
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BaHO MosicHeHHA ii BuHuKHeHHA. [[luprHa peHTI'eHiBChbKUX JiHilT MapTeHCUTY
BYTJIEIIeBUX CTaJjieli BUBHAYAETHCS KiJIbKicTIO pebep ¢, 3MiHEHUX OJHAKOBUM
YUHOM.

KarouoBi ciaoBa: ByrieneBa CTajlb, MapTEeHCUT, TETPAarOHAJIbHICTH, CHCTEMA
0GJIOKiB I'paTHUIID.

(Received April 12,2021 )

1.INTRODUCTION

Beginning from the first investigations of the crystal structure of the
martensite in steels, it is accepting that martensitic lattice is the body
centred tetragonal (b.c.t.) with c¢/a ratio depending on the carbon con-
centration [1—-4]. It has also set that in steels with (0.1-0.6)% wt. C the
martensitic lattice is body centred cubic (b.c.c.). However, until re-
cently nobody has explained how the little number of the carbon atoms,
less than 7-8% at. C, may change the body centred cubic structure of
iron (Fe,) to the tetragonal structure. Only recently some works have
appeared in which a new approach proposed for describing the crystal
structure of the martensite in carbon steels [5, 6].

In this paper, changes in the Fe, crystal structure under an intro-
duction of the C atoms and manner of describing of the martensitic
crystal structure in carbon steels have considered. New explanation of
the great width of the diffraction lines of the martensitic phase in
steels has also proposed. The number of the lattices with changed ¢
edges in the same way determines the diffraction lines width of the
martensite in carbon steels.

2. REAL CRYSTAL STRUCTURE OF MARTENSITE
IN CARBON STEELS

Interpretation of the crystal structure of martensite in carbon steels
on a basis of an appearance of the doublet splitting of a number of lines
in the XRD patterns as tetragonal does not seem to correspond to the
real crystal structure of the martensitic phase for next reasons. It
known, that steel may contain 0.2-1.7% wt. C or 1-8% at. In the pre-
vious investigations it has assumed that C atoms in a-iron arranged in
the octahedral pores along [001],; directions and lattice became tetrag-
onal [2].

Do consider what proceeds when carbon atom introduced into b.c.c.
lattice and can this lattice become tetragonal when C atom located at
one edge only. Under really concentration of the carbon in steel, there
are many b.c.c. lattices without C atoms.

It knows only two types of the tetragonal lattices: simple tetragonal
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and body-centred tetragonal. When carbon atom places in the octahe-
dral pores of the f.c.c. Fe, structure, after transformation the C atom
situates on the ¢ lattice edge of the Fe, b.c.c. structure and this edge
increases by a magnitude equal to the diameter of the C atom. The re-
maining three edges of this lattice also change but significantly less.
Thus, the crystal lattice with C atom on one edge distorts but inhomo-
geneous. This lattice is not tetragonal, better name is pseudotetrago-
nal. There are only as many these lattices as the number of the carbon
atoms dissolves actually in steel.

Scheme for a change of the f.c.c. lattice into b.c.c. in the carbon steel
proposed when C atoms introduced into octahedral pores of the f.c.c.
structure and model of arising new lattice offered [5, 6].

According to the Bain reconstruction model [7], it can choose the
body centred tetragonal lattice with C atom on the lattice edge in the
f.c.c. structure with C atom in the centre of the lattice; the parameters
of this lattice are: a,=0.252 nm and ¢, = 0.356 nm (Fig. 1, a).

During martensitic y - o' transformation the f.c.c. lattice is recon-
structed into b.c.c. one and C atom locates on the c edge (Fig. 1, b). If C
atom placed only on one ¢ edge, other three edges of this lattice distort-
ed also and instead of the correct b.c.c. or b.c.t. lattice, the distorted
lattice arises (Fiig. 1, b). If C atom locates on one ¢ edge of the marten-
sitic lattice, the size of this edge should increase to a value equal to the
sum of diameters of the Fe and C atoms: ¢ = dg, + d; * 0.504 nm. The
remaining three edges in this lattice changed also. This distorted lat-
tice cannot be call tetragonal or cubic because lattice has no symmetry
of the cubic or tetragonal lattice and looks like as triclinic: all edges
have different sizes and angles at the lattice tops differ from 90° (Fig.
1, b).

Model of the crystal structure of the martensite in carbon steels for

b.c.t.(y)

0.358 (0.387) nm

0.387 nm

Fig. 1. The b.c.t. lattice (y-phase) with atom C on ¢ edge (a); distorted b.c.t.
lattice with atom C on one ¢ edge (b) (o and e are Fe atoms in the center and at
the lattice tops [6].
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this case proposed in [5, 6]. The main element of this structure is a
block of four distorted b.c.c. lattices. Carbon atom locates on common
block edge (axis) (Fig. 2).

In block the ¢ edge with C atom is the most increased. Other ¢ edges
of the lattices forming the block change also but much less (it not
shown in Fig. 2). Magnitude of the change depends on the distance to
the central edge (axis) with C atom. Diagonally disposed edges are less
increased. The evaluation shows that carbon concentration in this
block is 11.1% at (2.48% wt.). The total C concentration in the steel
determines the number of blocks with only one C atom in block in the
crystal structure of martensite.

Next evaluations have carried out.

1. Concentration of carbon in steel under various numbers of the lat-
tices nearest to the block (Appendix 1).

2. Quantity of the blocks in the volume of 10° lattices at different
carbon concentrations (Appendix 2).

3. Angular distance between XRD peaks (200),; and (002),; at differ-
ent carbon concentrations (Table 1).

4. Angular position of (002), diffraction line at different size of the
¢ parameter (Table 2).

Depending on the number of the lattices without C atoms around the
block, carbon concentration may change from 11.11% at. (2.48% wt.)
for structure of only blocks up to 2.43% at. (0.46% wt.) to the struc-
ture consisting of one block and twenty lattices without carbon atom
around it (Appendix 1). The first case (only blocks in the crystal struc-
ture) is unrealistic since the carbon concentration in steel and in mar-
tensitic phase does not exceed 1.7-1.8% wt.

It can see also that one C atom belongs to a few lattices: to 4 lattices
when C concentration is 2.48% wt. (only blocks in the crystal struc-
ture) and to 24 lattices when C concentration is 0.46% wt. (Appendix

Fig. 2. Block of four lattices with one enlarged ¢ edge on which C atom is located
(xis C atom, o and e are Fe atoms in the center and at the tops of lattices) [6].
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TABLE 1. Evaluation of the angular distance between diffraction peaks.
(200),; and (002),;.

Reflection (200),, (Feg, radiation, A =0.194 nm)

C, % wt.| a,nm | d,nm sing [0} Ap—angle distance between
(200),; and (002),; peaks
0.2 0.2858 0.1429 0.6788 42°45' 0°30’
0.8 0.2849 0.1424 0.6809 42°55' 1°53’
1.4 0.2840 0.1420 0.6831 43°15’ 3°22'
Reflection (002),, (Feg, radiation, A =0.194 nm)
C,% wt. | c,nm | d,nm sing 0} Ap—angle distance be-
tween(200),; and (002),; peaks
0.2 0.2885 0.1442 0.6724 42°15' 0°30’
0.8 0.2955 0.1477 0.6565 41°02' 1°53’
1.4 0.3026 0.1513 0.6411 39°53' 3022’

TABLE 2. Angle position of the diffraction line (002),; at different values of ¢
parameter (Feg, radiation, A =0.194 nm).

Cy, DM sing [0) Ao

0.362 0.5359 32°26’ 5°12’ Crnax
0.342 0.5673 34°34’

0.322 0.6025 37°04'

0.302 0.6424 39°58'

0.292 0.6644 41°38'

0.286 0.6783 42°43' 5°5’ Qpen
0.318 0.6335 37°38 c

average

1). This C atom influences differently on the changes of the edges sizes
in the nearest lattices. Thus, the crystal lattices of the martensite can-
not be tetragonal because the lattice edges are different.

For the volume of 10° lattices the number of blocks and the number
of neighbouring lattices without C atoms evaluated for the real carbon
concentrations in martensite of steel (Appendix 2). It established also,
how many lattices without C atoms are per one block consisting four
lattices with C atom on the central edge (block axis). It found that 46
lattices without C atoms should be located around one block at concen-
tration 1% at. C (0.22% wt.). In the case of 8% at. C (1.79% wt.) only
two (2.25) lattices without C atoms are adjacent to one block. For real
concentration of 5% at. C (1.12% wt. C) should be six lattices without
C atoms around one block with C atom.

Under ordered arrangement of the C atoms in the crystal structure
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periodic changes in the size of ¢ edges depending on the distance to the
axis of the block with carbon atom and changes in the corresponding
interplanar distances should be observed. As result of these changes
distorted lattices have appeared. These lattices can be defined as
pseudotetragonal but in no case as tetragonal, because lattice edges in
these lattices have different sizes, only one C atom is on one ¢ edge in
some lattices and angles between [100], [010] and [001] directions
change also and are not equal 90°.

In the case of the disordered arrangement of C atoms on three possi-
ble a, b, ¢ edges, blocks also appear and axes of the blocks may arrange
in [100], [010] or [001] direction by the random manner. In this case
the edges a, b or ¢ with one C atom change by the same extent and have
equal sizes. Changes of the remaining edges depend on the distance to
the edge with C atom (axis of block). Since in this case all three direc-
tions [100], [010] or [001] are equivalent, a, b, ¢ parameters are aver-
aged over the martensitic crystal and ‘averaged’ lattice will be ‘cubic’.
The parameters of these lattices differ a little from the b.c.c. lattice
parameter of the a-iron. In this case, no diffraction line splitting ob-
serves on the diffraction patterns and the doublets are absent but the
lines broaden nevertheless; this is the case of so-called cubic marten-
site. However, this crystalline structure of martensite must define as
pseudocubic since edge sizes in the lattices of the blocks and in neigh-
bouring lattices are different.

Thus, difference between ordered and disordered arrangement of the
carbon atoms in the crystal structure of martensite in steels and accord-
ingly between so-called ‘tetragonal’ and ‘cubic’ martensite consists in
only one. In the case of the ‘tetragonal’ martensite, the blocks with atom
C on c axis (Fig. 2) are located mainly along one direction [001]. In the
case of the ‘cubic’ martensite the blocks are located along all three direc-
tions [100], [010], [001] arbitrary and this leads to an averaging of all
three lattice parameters a, b, ¢ to one average parameter a.

For carbon concentrations 0.2, 0.8 and 1.4% wt. positions of two
XRD lines (200), and (002),; estimated and angular distance between
the peaks of these lines determined. It turned out that for steel with
1.4% wt. C this distance is 3°22' (Table 1).

3. REASONS OF THE DIFFRACTION LINES BROADENING
OF THE MARTENSITE IN CARBON STEEL

Broadening of the diffraction lines of martensite in carbon steels can
reach 10-12° (Fig. 3). It needs to consider reasons of this great broad-
ening.

Various methods for an evaluation of these quantities and different
explanations have proposed. Until now, broadening of the diffraction
line of the martensite in steels has explained quite simply: during
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transformation of the initial y-phase into the martensitic a'-phase the
micro stresses arise and coherent scattering regions of 30—70 nm in
value appear in the martensitic crystals. However, XRD studies have
carried out on the extracted powders of the martensite in steel (1.0%
wt. C) showed that even in this case, when influence of the micro
stresses on the diffraction lines width excluded, the lines remain quite
broad [9]. Thus, not all X-ray line broadening stipulated by the stresses
and coherent scattering regions. There are some other reasons.

It proposed above to represent the crystal structure of the marten-
site in carbon steels as consisting of the blocks containing four b.c.c.
lattices with carbon atom on the axis of block and the b.c.c. lattices
without carbon atoms around it. All lattices, both in the blocks and
near them, have changed edges with the sizes depending on the dis-
tance to the axis of the block. This leads to the periodic changes in the
interplanar distances that depend on the number of the blocks in the
crystal structure and on the number of the lattices without C atoms;
these changes depend on the carbon concentration in steel. As a result
there are definite ‘sets’ of these distances for given type of the reflec-
tions (for example, (002),), that lead to an appearance of the wide dif-
fraction line. In fact, this ‘line’ consists of a number of the overlapping
diffraction reflections conforming to a definite set of the interplanar
distances and correspondingly changed ¢ parameters.

The angular positions of the (002), diffraction line (Feg, radiation,
A =0.194 nm) calculated for ¢ parameters in the interval 0.286-0.362
nm (Table 2).

The angular distance for the reflections corresponding to these pa-
rameters reaches 10° and this value practically coincides with the dif-

2500+
23004 et Martensite (200)
a Experimental
= 2100+ pattern
g __ Calculated
S ! XRD pattern
5 19007 Martensite (002)
.a L =
=
2 17001
=}
flas
15004
1300 T T T T T T T T T T T T T T
975 100.0 1025 1050 1075 1100 1125 1150

Angle, 20

Fig. 3. XRD line for steel with 0.45% wt. C[8].
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fraction line width observed experimentally in the different works.
For example, the angular width of the (200),—(002),; martensitic lines
in steel with 0.45% wt. C is near 12° [10], a doublet width of the lines
(211)y—(112)y in Fe—-0.97 C-6.3 Mn (% wt.) steel reaches 10° [11].
Other examples of a great width of the martensitic diffraction lines in
steels may also give.

Thus, evaluations have shown that there is a set of the ¢, parameters
in the crystal structure of the martensite in steel at a given carbon con-
centration caused by the edge changes and the distortions of the lattices
during formation of the martensitic phase and an appearance of the cor-
responding interplanar spacing. The number of the blocks defines a
quantity of the parameters of one or another size for given carbon con-
centration in steel. Intensity of the individual diffraction line of defi-
nite ‘set’ depends on the quantity of the equally changed lattices edges
and corresponding interplanar distances; a magnitude of the particular
interplanar spacing defines a position of the diffraction lines.

Thus, observed coincidence of the calculated and experimental dif-
fraction line widths confirms proposed model of the crystal structure
of the martensite in carbon steels: this structure consists of the blocks
with C atoms at the axes of the blocks and the lattices without carbon
around the blocks but with edges sizes changed differently.

Thus, martensitic lattice of the carbon steels is not tetragonal. This
lattice has only one C atom at the common edge of four lattices (at the
axes of bocks), has different sizes of the lattice edges and angles at the
lattice tops differ from 90°. It is necessary to define this lattice as dis-
torted tetragonal or pseudotetragonal and there is no need to deter-
mine so-called degree of the tetragonality c/a.

4. DISCUSSION

When the crystal structure of the martensite in carbon steels considers
some questions arise, requiring discussion and solution. To what ex-
tent the doublets of the diffraction lines appearing on the XRD pat-
terns of the martensitic phase in steels reflect the tetragonality of the
crystal lattice. What really determines large, 10—12°, diffraction line
width of the martensitic a’-phase in the carbon steels? The main ques-
tion is: how 3—-8% at. carbon atoms, embedded in several octahedral
pores of the b.c.c. lattices of the o’-phase (and only at one edge of some
lattices), may change the body-centred cubic lattices to the body-
centred tetragonal lattices.

For a long time these questions did not even arise although investi-
gations of the crystal structure of the martensite in carbon steel have
begun in the twenties of the last century and continue with different
intensities to date.

The conclusion about tetragonality of the martensite in the carbon
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steels and b.c.t. lattice drew on a basis of an appearance of the doublet
splitting of the martensitic diffraction lines in the XRD patterns.
However, as shown by the analysis carried out in this work, an amount
of the carbon that remains during martensitic transition Fe, — Fe,, is
not suffice to change the f.c.c. crystal structure of the parent phase
into the b.c.t. martensitic structure. Carbon atom during y — o trans-
formation locates at one edge only of the b.c.c. lattice (in some octahe-
dral pores) and changes this edge to the size dy, + d; = 0.5036 nm (dg,
and d are the diameters of the iron and carbon atoms). Edge sizes of
the lattices where no C atoms change also but on the different magni-
tude that depends on the distance to the edge with C atom. In the result
of the martensitic transition, the lattice with one C atom at one edge
only and with different sizes of other edges is formed from f.c.c. lat-
tice of the parent y-phase. It is not possible to call this lattice tetrago-
nal. The distorted b.c.c. lattices without C atoms arise near.

Imaging of the crystal structure of the martensite in carbon steels as a
system of the blocks of four lattices with carbon atom at common c edge
(axis of block) and b.c.c. lattices without C atoms around it allows de-
scribe the real crystal structure of the martensite quite well. This ex-
plains an appearance of the doublets of a number of the diffraction lines
on the XRD patterns and great width of these lines. In the blocks com-
mon ¢ edge with C atom has the largest size and is an axis of the block.

The total carbon concentration in steel determines the number of the
blocks in the structure of the martensite. The evaluation (Appendix 2)
showed that with a change in C concentration from 0.22 to 0.6, 1.06 or
1.65% wt. the number of the carbon-free lattices around the blocks
with C atom changes from 46 to 13, 6 or 2 lattices, respectively. It
should also be taken into account that in the lattices without carbon
atom the sizes of ¢ edges are different and the greater distance of the
separate c edge is from axis of the block the lesser it changes.

For the better understanding and explanation of the martensitic
crystal structure in the carbon steels it is needed to take into account
the conception of the carbon atom ordering proposed and considered in
[12, 13]. As shown by a number of the experimental investigations[11,
14, 15] ordering of the C atoms really occurs and, depending on the
heat treatment and cooling rate, both ordering of the carbon atoms and
disordered state may occur in the martensite of the steels. In the case
of an ordered arrangement of the C atoms the axes of the blocks are lo-
cated in one direction [001] and a state arises that can be called
pseudotetragonal. In the disordered state of the C atoms the axes of the
blocks are randomly located along all three directions [100], [010] or
[001] of the b.c.c. lattice and the cubic (pseudocubic) martensite struc-
ture is formed in the result.

Representation of the martensitic crystal structure in the carbon
steels as a set of the orderly arranged blocks with the C atoms at their
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axes and surrounding carbon-free lattices, defined as pseudotetrago-
nal, furnishes also the explanation of an appearance of the martensitic
diffraction lines doublets in the X-ray diffraction patterns and their
large (10—14°) width. Such being the case an appearance of the dou-
blets has a simple explanation.

In the crystalline structure of the martensite there are enough large
‘sets’ of the edges with different sizes (and different interplanar dis-
tances), since not every lattice contains C atoms and the edges of the
lattices change by the different magnitude in a dependence on the dis-
tance to the block axis. At each specific C concentration in a steel there
is a predominant ‘set’ of the edges of the identical size and the corre-
sponding interplanar spacing which provides proper reflection at an
certain angle. The remaining changed edges and the corresponding in-
terplanar distances bring about to an appearance of the reflections at
other angles. As a result, certain ‘set’ of the reflections and broad dif-
fraction lines appear in the XRD patterns. Described processes occur
in the case of the ordering of the C atoms in the martensite of steels.

With disordered arrangement of the C atoms and an arbitrary orien-
tation of the blocks there are also the edges of the different sizes but
there is no predominant set of the edges of the same sizes. They dis-
tributed over the volume of the martensitic crystal randomly. In this
case, there are no doublets of the X-ray lines, only diffraction line
broadening observes.

Calculated width of the diffraction line (002),; in the case of simul-
taneous presence of the edges with ¢y = 0.362 nm and ¢y = 0.286 nm
(and other intermediate ¢y values) in the martensitic crystals is 10°17’
(Table 2) that is quite good coincides with the experimentally observed
width of this reflection 10—-12°.

Thus, a representation of the martensitic crystal structure in the
carbon steels as a set of the blocks with the C atom at block axes and the
lattices around them without carbon atoms but with changed edges al-
lows well describe the real crystal structure of the martensite in the
carbon steels. This explains also an appearance of so-called cubic mar-
tensite and such effects on the XRD patterns as doublets of the diffrac-
tion lines and broadening of these lines.

5. CONCLUSIONS

1. At real carbon concentrations (0.1-1.7% wt.) the crystalline struc-
ture of the martensite in carbon steels should be presented as consist-
ing of the blocks of 4 lattices with C atom at the central block axis, sur-
rounded by the lattices without C atoms. The concentration of carbon
in the steel determines the number of the blocks, the distances between
them and the number of the lattices without C atoms around these
blocks. The higher C concentration the greater number of the blocks
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and the smaller number of the lattices without C atoms are. The crystal
structure of martensite in the carbon steel necessary determines as
pseudotetragonal or pseudocubic.

2. The sizes of the c edges of the distorted martensitic lattices depend
on the distance to the axis of the block containing carbon atom. Quan-
tity of the equally changed ¢ edges (and appropriate interplanar dis-
tances) determines intensity of the corresponding diffraction lines; a
value of the identical ¢ edges defines an angular position of the diffrac-
tion lines.

3. Really determined by the XRD method the parameters of the mar-
tensitic crystal lattice in carbon steels, using position of the diffrac-
tion line maximum, are some average values and do not correspond to
the real crystal structure of the martensite in steels. Since martensitic
lattice is not tetragonal really, c¢/a ratio does not characterize the crys-
tal structure of the martensite in steel. However, this ratio can use for
an evaluation of the C concentration in steels.

4. Experimentally observed martensitic diffraction line width of the
carbon steel depends on the number of the lattices with changed ¢ edg-
es.

APPENDIX 1

Concentration of the carbon in steel under various quantities of the
lattices adjacent to the block.

Block — 4 lattices,

8 Fe atoms + 1 C atom, total 9 atoms.

C concentration: 11.11% at. — 2.48% wt.

Block + 4 lattices around in horizontal plane, total 8 lattices.

16 Fe atoms + 1 C atom, total of 17 atoms.

C concentration: 5.88% at. —1.31% wt.

Block + 4 lattices above and 4 lattices below, total 12 lattices.

24 Fe atoms + 1 C atom, total of 25 atoms.

C concentration: 4% at. — 0.89% wt.

Block + 8 lattices around in horizontal plane, total 12 lattices.

24 Fe atoms + 1 C atom, total of 25 atoms.

C concentration: 4% at. — 0.89% wt.

Block + 8 lattices around in horizontal plane + 4 lattices above and 4
lattices below, total 20 lattices.

40 Fe atoms + 1 C atom, total 41 atoms.

C concentration C: 2.43% at. —0.54% wt.

Block + 12 lattices around in horizontal plane + 4 lattices above and 4
lattices below, total of 24 lattices.

48 Fe atoms + 1 C atom, total of 49 atoms.

C concentration: 2.04% at. —0.46% wt.
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APPENDIX 2

The number of the blocks at the different carbon concentration.
Volume: 100 x 100 x 100 lattices = 1000000 lattices.

1% at. (0.220/0 Wt.).

1 atom C per 100 atoms Fe.

Real concentration: 0.99% at. (0.22% wt.).

1000000 lattices: 2 000000 atoms Fe and 20000 atoms C.
20000 blocks — 80000 lattices, out of blocks 920000 lattices.
One block + 46 lattices round.

3% at. (0.67% wt.).

3 atoms C per 100 atoms Fe.

Real concentration: 2.91% at. (0.65% wt.).

1000000 lattices: 2000000 atoms Fe and 60000 atoms C.
60000 blocks — 240000 lattices, out of blocks 760000 lattices.
One block + 13 lattices round.

5% at. (1.120/0 Wt.).

5 atoms C per 100 atoms Fe.

Real concentration: 4.76% at. (1.06% wt.).

1000000 lattices: 2000000 atoms Fe and 100000 atoms C.
100000 blocks — 400000 lattices, out of blocks 600000 lattices.
One block + 6 lattices round.

8% at. (1.79% wt.).

8 atoms C per 100 atoms Fe.

Real concentration: 7.41% at. (1.65% wt.).

1000000 lattices: 2000000 atoms Fe and 160000 atoms C.
160000 blocks — 640 000 lattices, out of blocks 360000 lattices.
One block + 2 (2.25) lattices round.
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