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A B S T R A C T   

This is a comment on the paper Materials Science & Engineering A 826 (2021) 141960 titled ʺInfluence of prior 
deformation temperature on strain induced martensite formation and its effect on the tensile strengthening 
behaviour of type 304 SS studied by XRDLPAʺ. It is shown here that the methodology used for the determination 
of the dislocation density from the X-ray diffraction peak breadth was not correct. This study reveals that the 
dislocation density obtained from the breadth of the diffraction profiles may significantly deviate from the 
reliable values determined by pattern fitting method.   

In a recently published study by Teena Mouni et al. [1], an attempt 
was made for the determination of the dislocation density in plastically 
deformed 304 type stainless steel using the method of X-ray diffraction 
line profile analysis (XRDLPA or simply XLPA). Evidently, XLPA is a very 
effective and non-destructive method for the measurement of the 
dislocation density, if the diffraction peak profiles are evaluated prop-
erly. It is noted that XLPA is worth to be completed with direct obser-
vation of dislocations by microscopy techniques such as transmission 
electron microscopy (TEM). However, it should also be noted that in 
severely deformed materials individual dislocations can be observed 
only by high-resolution TEM (HRTEM) due to the very high dislocation 
density. Thus, the volume investigated by TEM is usually much smaller 
than that studied by XLPA. As a result, the statistical relibility of the 
dislocation density determined by XLPA is much better than that for 
TEM. However, for obtaining this more reliable dislocation density the 
application of a sophisticated XLPA method, such as pattern fitting, is 
necessary. On the other hand, Teena Mouni and her co-authors in 
Ref. [1] tried to determine the dislocation density from the peak breadth 
which is a false methodology since the density of dislocations can only 
be evaluated from the analysis of the whole intensity distribution of the 
diffraction peaks [2]. Unfortunately, this fault has already been also 
made by other authors in the literature (e.g., Refs. [3,4]), therefore it is 
necessary to clarify why this practice is wrong and must be avoided. 

Teena Mouni et al. [1] evaluated the X-ray diffraction peak breadth 

of the face-centered cubic (fcc) phase in a 304 type stainless steel. They 
used the combination of the modified Williamson-Hall plot [5] and the 
Williamson-Smallman method [6] for the determination of the disloca-
tion density. First, they determined the slope (α) of the modified 
Williamson-Hall plot using the following formula [1]: 

β* =
1
D
+α
(
KC1/2)

+ O
(
K2C

)
, (1)  

where β* =
βcosθ

λ and K = 2sinθ
λ , θ is the Bragg angle, β is either the integral 

breadth or the Full Width Half Maximum of the peaks, λ is the wave-
length of X-rays, D is an apparent crystallite size, C is the average 

dislocation contrast factor and O indicates higher order terms of KC1/2. 
Then, from the experimentally determined slope α the dislocation den-
sity (ρ) was obtained from the Williamson-Smallman formula: 

ρ= 2
̅̅̅
3

√
α

Db
, (2)  

where b is the magnitude of Burgers vector of dislocations. There are the 
following concerns with the application of this methodology:  

1. In the Williamson-Hall formula (see eq. (1)), it is assumed that the 
contributions of crystallite size (the first term at the right side) and 
microstrain (second and third terms) to the peak breadth can be 
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added linearly. On the other hand, this is valid only if both size and 
strain peak profile components are Lorentzian functions [7] and this 
is not the case in general. The modified Williamson-Hall plot can 
only be used for revealing whether the strain broadening of 
diffraction peaks is caused by dislocations [2].  

2. The dislocation density cannot be determined from the breadth of the 
diffraction profiles, since the peak width is influenced by both the 
density and the arrangement of dislocations. If dislocations are ar-
ranged into low energy configurations, such as dipoles and/or low 
angle grain boundaries, the peak breadth decreases even if the 
dislocation density does not change. This fact is reflected in the 
formula of α which contains both the density of dislocations ρ and a 
parameter A depending on the outer cut-off radius of dislocations: 

α =

(

πAb2

2

)1/2

ρ1/2 [5]. The outer cut-off radius of dislocations is low 

if the dislocations are arranged into low energy configurations [2]. It 
is noted that Teena Mouni et al. [1] interpreted parameter A incor-
rectly since they thought that it is the Zener ratio which is also 
denoted by A in the literature. However, the Zener ratio depends on 
the elastic constants of the crystal and not on the dislocation 
arrangement. 

3. In the original Williamson-Smallman formula, the numerator con-
tains the breadth of strain distribution beside the constants [6]. On 
the other hand, in eq. (2) Teena Mouni et al. [1] replaced this 
quantity by the prefactor α of the second term in eq. (1) which is not 
correct since α alone does not give the microstrain. For dislocations, 
the dislocation contrast factor (C) also contributes to the microstrain 
beside α in the Williamson-Hall formula (eq. (1)) [8].  

4. The Williamson-Smallman method is based on a model of dislocation 
arrangement, therefore eq. (2) cannot be valid generally. In addition, 
D is not the crystallite size in eq. (2) but rather the size of the units (so 
called blocks) in the periodic arrangement of dislocations [6]. For 
instance, for a uniform arrangement of dislocations D equals the 
spacing between dislocations in the model of Williamson-Smallman. 
Thus, the combination of eqs. (1) and (2) is not suitable for the 
determination of the dislocation density in a general case. 

In summary, XLPA methods using only the breadth of the diffraction 
peaks are not suitable for the determination of the dislocation density. 
Rather, the application of a full pattern fitting method is suggested for a 
more accurate estimate of the dislocation density. These methods take 
into account the fact that the profile shape depends on the density, slip 
system population and arrangement of dislocations and determine the 
parameters characterizing these features of the dislocation ensemble 
[9–11]. In addition, in many cases there are other defects (e.g., twin and 
stacking faults) and features (such as surface relaxation in nanoparticles 
or chemical heterogeneities) which may also contribute to peak broad-
ening [12,13]. These effects are also taken into account in the sophis-
ticated whole pattern fitting methods. 

Finally, Fig. 1 compares the dislocation density determined by a 
pattern fitting method (Convolutional Multiple Whole Profile fitting – 
CMWP [10]) and the values obtained from the peak breadth using eqs. 
(1) and (2) for different face-centered cubic (fcc) metals and alloys 
processed by severe plastic deformation techniques and electrodeposi-
tion. Only fcc materials are shown in Fig. 1 since Teena Mouni et al. also 
investigated an fcc phase [1]. The experimental uncertainty of the data 
are indicated by the error bars. For low dislocation density values, the 
error bars are smaller then the size of the symbols. For the majority of 
the samples, the dislocation densities determined by the two methods 
are significantly different. It seems that the dislocation density obtained 
from the peak breadth using eqs. (1) and (2) is smaller than the values 
determined by the more reliable pattern fitting method. This difference 
can be caused by the fact that the model behind eq. (2) does not consider 
the reduction of microstrain due to the arrangement dislocations into 
low energy configurations. For instance, in the case of dislocation 

dipoles a certain value of microstrain is related to a much higher 
dislocation density than for a uniform distribution of dislocations. 
Therefore, the dislocation density estimated from eqs. (1) and (2) may 
be lower than the real value. 
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Fig. 1. (a) The dislocation density obtained by the sophisticated CMWP whole 
pattern fitting method versus the values determined from the diffraction peak 
breadth using eqs. (1) and (2). A part of (a) indicated by red rectangle is shown 
with a higher magnification in (b). Notations: ED – electrodeposition; HPT – 
high pressure torsion; RCB – rotational constrained bending; ECAP – equal 
channel angular pressing; RT – room temperature. The dislocation density data 
determined by CMWP method were taken from Refs. [14–22]. (For interpre-
tation of the references to colour in this figure legend, the reader is referred to 
the Web version of this article.) 
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