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Broadening of the Martensite X-Ray Diffraction Lines of Carbon
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The explanation of the broadening of the x-ray diffraction lines of martensite
and appearance of the doublets of the diffraction lines is proposed and is based
on the representation of the crystal structure of martensite in carbon steels as a
system of the lattice blocks with the C atoms on the axes of the blocks.
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Ha ocHOBi yABiIeHBP PO KPUCTAIIUHY CTPYKTYPY MAapPTEHCUTY BYIJIEIEBUX
KpUIlh K CUCTEeMY OJIOKiB i3 KpucTamiunmx r'paTHUIL i3 aTomoM C Ha oci 6J10-
KiB JaHO MOACHEHHSA POSIINPEHHSA PEHTI €HiBChbKUX AndpaKIiiiHuX JiHiit Map-
TEHCUTY Ta OABY Ay0OJeTiB nudppakmiiomx JiHi.

KarouoBi ciioBa: ByriereBa Kpuiid, MApTEHCUT, KPUCTAJTiIUHA CTPYKTypa, I'pa-
THUIIA, 0JI0K, ITUpUHA qudpakITiiHoi Jinii.
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The angular width of the x-ray diffraction lines of the martensite phase
in carbon steels reaches 10—12°[1, 2]. Such large broadening of the dif-
fraction lines of martensite in steels has been explained as follows. Dur-
ing transformation of the parent f.c.c. y-phase into the b.c.t. martensite
o'-phase, large (micro)stresses arise, and the coherent domains of 30—
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150 nm in size appear. However, an x-ray study performed on the ex-
tracted martensite powders (1.0% wt. C steel) showed that, when an in-
fluence of the stresses is excluded, the diffraction lines still remain
broad [3]. Thus, broadening of the x-ray lines may be caused by other
reasons.

The crystalline structure of martensite in carbon steels has proposed
to represent as system of the lattice blocks [4, 5]. Each block consists of
four lattices with common edge (axis of the block), on which carbon atom
is located (Fig. 1). Crystal lattices without C atoms are situated around
the blocks. Within the blocks and around them, lattices have edges of
the different dimensions and are distorted. The edge sizes depend on the
distance to the axis of the block with the C atom. For example, the size of
the edge ¢ with carbon atom is ¢ =dp.+dc=0.504 nm, where dr. and dc
are the diameters of the iron and carbon atoms, respectively. The edge
change decreases, when the distance to the axis of the block increases.
The lattices with the dimensions of the edges of the b.c.c. Fe,-lattice
have the smallest edge values.

The dimensions of the lattice edges were evaluated depending on the
distance from the ¢ edge with carbon atom for steel with 1.17% wt. C
(5.26 at.% C) for martensite volume of 45 b.c.c. lattices, which in-
cludes 90 Fe atoms and 5 C atoms [5] (Table 1).

0.387 nm

Fig. 1. Distorted b.c.c. lattice with C atom (x) at ¢ edge (a); block of four dis-
torted b.c.c. lattices with common enlarged edge (axis of the block), at which
C atom is located (® is C atom, o, ® are Fe atoms) (b).

TABLE 1. Dimension and quantity of the lattice c edges after insertion of at-
om C at c edge.

Edge number ‘ c1 ‘ c2 c3 c4
Edge size, nm 0.387 0.330 0.308 0.286
Quantity of the identical edges 5 30 20 20
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Carbon concentration determines the number of the lattice blocks in
steel. The maximal concentration of C in steel is of =1.7% wt.
(=8.16 at.%), that is, for every 100 atoms, there are 92 iron atoms
(which form 46 b.c.c. lattices) and 8 carbon atoms. Thus, carbon atom
may be located only in every sixth lattice of the martensite-crystal
structure and only at one lattice edge, in an octahedral pore.

Amount of the lattices without C atoms around one block depends on
carbon concentration. This quantity changes from 46 to 6 and to 2 un-
der carbon increase from 1 at.% (0.22% wt.) to 5 at.% (1.12% wt.) and
to 8 at.% (1.79% wt.), accordingly [6]. It is necessary to note that the
lattice with the C atom at one edge only is not tetragonal. It can be de-
fined rather as distorted b.c.c. or distorted b.c.t. and, perhaps better,
as trigonal, because the edges and angles at the lattice tops are differ-
ent.

In the ordered state of the carbon atoms in steel, the axes of the lattice
blocks are located mainly in one crystallographic direction [001]u.
Therefore, in the case of the crystalline structure with the blocks, the
systems of the identical edges, which have the same interplanar distanc-
es d, appear. In this case, each widened reflection really consists of a set
of separate overlapping reflections corresponding concrete edge size c.

Angular positions of the diffraction lines depend on the lattice pa-
rameter (interplanar distance d). For example, the position of the
(002)y reflection for carbon steel changes from angle 42°43’ to angle
32°26' in the interval of the lattice parameter ¢ 0.286-0.362 nm (Table
2). This corresponds really to changes of carbon concentration in steel
from 0.2% wt. to 1.4% wt.

These values of the parameters ¢ are closed to the lattice parameters
¢ in the crystal structure of steel with the blocks (Table 1).

The general angular width of the (002)y reflection for different cy pa-
rameters may be about 10° (Table 2), and this value coincides with the
width of the diffraction lines determined in many experimental studies.

TABLE 2. Angular position of the diffraction line (002)u at different values
of the lattice parameter cu (radiation FeKq, A =0.194 nm).

cm, N ‘ sin @ ® ‘ Note
0.362 0.5359 32°26' Crmax
0.342 0.567 34°34'
0.322 0.602 37°04'
0.302 0.642 39°58'
0.292 0.664 41°38'
0.286 0.678 42°43' CFea’

0.319 0.633 37°38' Caverage
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Therefore, for example, the angular width of the martensite line {002}y
in steel with 0.45% wt. C reaches 12°[2 ]; the width of the doublet line
{112}y in steel Fe—0.97 C-6.3 Mn (% wt.) is 10° [1]. Other examples of
the great width of the martensite diffraction lines of steels can also be
given.

Thus, under block crystal structure of the martensite in steels, there
are the sets of the identical ¢ parameters in the martensite crystal
structure at given carbon concentration in the ordered state of the C
atoms. These sets of the identical ¢ parameters in concrete steel arise as
the result of the different lattice distortions and the change of the lat-
tice edges, when C atoms are introduced at one edge in the martensite
b.c.c. lattices and the lattice blocks are appear in the result.

In the disordered arrangement, carbon atoms can be located at any
edge of thelattice a, b, or ¢, and axes of the blocks are located arbitrari-
ly along the [100]m, [010]y or [001]u directions. In this case, the lattice
edges have different sizes too, but there is no preferable arrangement
of the edges a, b or ¢ of the equal size. As the result, doublets of the dif-
fraction lines do not appear; only broadening of the x-ray lines is ob-
served.

Representation of the crystal structure of the martensite phase in
carbon steels as system of the ordered lattice blocks with carbon atom
on c¢ axis and lattices without C atom around them well explains the ap-
pearance of the doublets of the diffraction lines of large width. In the
structure with blocks, there are several identical ‘sets’ of the lattice
edges with corresponding interplanar distances. This is a result of the
fact that not every lattice contains the C atom, and the lattice edges are
changed differently, depending on the distance to the block axis. How-
ever, at concrete C concentration, there are predominant ‘sets’ of the
edges of the equal size and interplanar spacing, that results in the cor-
responding intensities of the reflection and its width. As the result,
the systems of the overlapping reflections in the diffraction doublets
appear that brings to widening of the diffraction lines.

Thus, proposed description well explains the x-ray patterns in the
case of the lattice block structure with ordered arrangement of the C
atoms in the crystal structure of martensite of steels, namely, widen-
ing of the diffraction lines and appearance of the x-ray doublets.

Conclusion. Representation of the crystal structure of martensite in
carbon steels as system of the lattice blocks with the C atoms at the ax-
es of the blocks permits to explain well the widening of the x-ray dif-
fraction lines of martensite and appearance of the doublets of the dif-
fraction lines. In the martensite crystal structure in the ordered state
of the C atoms, there are sets of the identical lattice edges. Each set in
concrete carbon steel corresponds to definite value of the lattice pa-
rameter ¢ and the diffraction angle. Collections of the differently
changed c edges determine the width of the diffraction lines of marten-
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site of carbon steels observed experimentally.

Collection of the differently changed lattice edges may arise also in
the crystal structures of the b.c.c. metals under alloying by the atoms
with the diameter that distinguishes strongly from the basic atoms. In
the result, a broadening of the x-ray diffraction line may arise also in
the alloys with interstitial atoms.
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