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ABSTRACT 
Mechanical properties of crystallite size and strains in tungsten (W) powders created by processing have been 
examined by X-ray powder diffraction. The mechanical properties of strain (),crystallite size and the metal thermal 
properties of Debye-Waller factor (B), Debye temperature (, Mean square amplitude of vibration (<u>) are 
resolved from the half-widths and incorporated intensities of the Bragg reflections and contrasted and Scanning 
Electron Microscopic analysis/examination. In tungsten metal, the Debye-Waller factor is found to increment with 
the cross-section strain. From the relationship between's the strain and successful Debye-Waller factor, the Debye-
Waller factors for zero strain have been assessed for tungsten metal. In the current work, the Hall-Williamson 
technique for molecule size or crystallite size estimation of high vitality processed tungsten nanopowder. The 
variety of vitality of opening arrangement as a component of cross-section strain has been examined. 
Keywords: X-ray Diffraction, SEM, Lattice Strain, Crystallite Size, Debye-Waller Factor, Vacancy Formation 
Energy. 
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INTRODUCTION 
Tungsten has several unique properties that establish it as a candidate material for fusion reactor 
applications. These properties include high melting point, high thermal conductivity, excellent mechanical 
properties at elevated temperatures, low tritium retention, low sputtering yield. However, tungsten also has 
several serious deficiencies related to brittleness of the material, including room-temperature brittleness, 
crystallization brittleness, and irradiation induced brittleness, which present risks in fusion reactor 
applications. The brittleness of tungsten may lead to poor thermal shock resistance when exposed to 
extremely high cyclic heating. 
Influenceof tool revolving on mechanical properties of some metals and alloy had been developed as next 
generation engineering production1,2 and with some thermal and mechanical properties and engineering  
applications.3,4 Physical and concoction properties of these materials are profoundly size ward. Thusly, it 
is imperative to create novel methods for the blend of nanomaterials. TEM is one of the amazing 
procedures for crystallite size estimation, it has certain restrictions. Since TEM pictures speak to just a 
nearby district, numerous examples and pictures are required to give a normal data to the whole example. 
Not just this, the TEM test readiness technique is an included and tedious one. The XRD procedure is 
liberated from these restrictions. X-beam diffraction is, then again, a straightforward and simpler 
methodology for assurance of crystallite size of powder tests. 
The Debye-Waller factor is an important lattice dynamical property. There is considerable X-ray work on 
the Debye-Waller factors of Tungsten metal5and CuInSe2

6.  But it is interesting to study the effect of 
lattice strains on the Debye-Waller factors of this metal. The X-Ray study and effect of lattice strain on 
the Debye-Waller factors of some metals Ag7,Pt8

,Ni9. In this process, the strains produced during grinding 
have a significant effect on the Debye-Waller factors measured from X-ray diffraction intensities.  
Sirdeshmukh et al10 observed the effect of lattice strains on the Debye-Waller factors in semiconductor 
powder materials. Gopi Krishna and Sirdeshmukh11 studied the effect of lattice strains on the Debye-
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Waller factor of ytterbium metal. In the present investigation, the results of a systematic study of the 
effect of lattice strain on the Debye-Waller factors and crystallite size of face-centered cubic W metal is 
reported. These results are being reported for the first time.  
 

EXPERIMENTAL 
The powder samples were obtained by gently filing highly pure W metal ingots with a jeweller’s file. A 
part of this powder was used to prepare the initial sample. The remaining powder was subjected to milling 
in a ball mill for 5, 10, 15, 20, 25, 30, 35 and 40 hours to produce strains. X-ray diffractograms were 
recorded with the initial sample and with samples prepared after each spell of milling. The diffractograms 
were obtained with a Philips CWU 3710 X-ray powder diffractometer in the 2θ range 20-120º using 
filtered CuKat a goniometer speed of 0.5per minute and a chart speed of 20 mm/min. The XRD patterns 
of W nanopowder is given in Fig.-1. 

 
Fig.-1: XRD Pattern Comparing Unmilled Powder (For 0 hours) and Milled Powder (for 40 hours) W Powders 

 
Figure-1 shows a comparison of the XRD pattern of un-milled and milled nano-W powders. All 
measurements were made at room temperature. The observed integrated intensities have been corrected 
for thermal diffuse scattering using the method of Chipman and Paskin12. For the relative intensity 
method, the expression for the observed intensities I0  is given by- 
 

         I0 = CLpJFT
2       (1) 

Where, Lp is the Lorentz-polarization factor, J, the multiplicity factor, FT the structure factor and C is a 
constant. For a flat powder specimen, the absorption correction is independent of the angle θ, Klug and 
Alexander13 and, hence, is lumped with the constant. The structure factor FT in terms of the structure 
factor F for the static lattice is given by- 
 

FT = Fe-M       (2) 
We may also write Eq. (1) as: 

 I0= 

2
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where I c is the intensity corresponding to the static lattice and is given by- 
 

    I c=LpJF2       (4) 
 
For crystals with fcc structure, the structure factor F is given by- 

    F = 4f                            (5) 
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Where,f is the atomic scattering factor. Values of the atomic scattering factor were taken from Cromer 
and Waber14 and International Tables for X-ray Crystallography15, and have been corrected for 
dispersion, Cromer and Liberman.16 
From Eq. (3) it can be seen that log (I0/Ic) is linearly related to (sin θ/ λ)2. By the least square treatment of 
data, B was determined. From the Debye-Waller theory, 

 B = 







3

8 2
<u2>                      (6) 

for a cubic crystal, where <u 2> is the mean-square amplitude of vibration. Further, B, may also be 
expressed as 

 B = 

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  W(x)                        (7) 

Where m is the mass, T the absolute temperature and h and kB are the Planck and the Boltzmann 
constants respectively. The function W(x) is given  by- 

W(x)  = 



 

xx

x

4

1)(
2


                                             (8) 

Where ø(x) is the Debye function and x= θM/T, θM being the Debye temperature. Benson and Gill17 have 
tabulated values of W(x) for a wide range of x for small increments, from which θM can be obtained from 
the value of B. 
 
Lattice Strain and Particle Size Determination 
At the point when the size of the individual precious stones is not exactly about 100nm the expression 
"molecule size" is typically utilized. At the point when the crystallites of material are littler than 100nm, 
they have excessively little various equal diffraction planes thus they produce expanded diffraction tops 
rather than a sharp pinnacle. Cross-section strain present in the example is another reason for the 
widening of Bragg diffraction tops. Likewise, there are instrumental factors, for example, uncertain 1 
and2 tops, flawed centering which leads to the line expanding. There are different strategies by and by 
to evaluate the molecule size. X-beam diffraction is a more straightforward and simpler methodology for 
the assurance of exact crystallite size and the cross-section strain in powder tests. The guideline engaged 
with the X-beam diffraction approach is the exact measurement of the widening of the Bragg diffraction 
tops. Scherrer condition, Hall-Williamson strategy and Warren-Averbach strategy are a portion of the 
strategies dependent on this rule. Of the above techniques, the Scherrer condition strategy for the 
estimation of molecule size doesn't consider expanding because of the cross-section strain present in the 
example. As such in the current examination, the cross-section strains have been evaluated utilizing the 
Hall-Williamson strategy. As of late, Bharati et al18 have utilized this technique to appraise the cross-
section strain and molecule sizes of silver nanoparticles and composite silver nanoparticles. In this 
strategy, the vital expansiveness of the diffraction top is resolved. The indispensable broadness is given 
by the incorporated force separated by the greatest power. In this manner, the watched top widening Bo 
might be spoken to as: 
                             Bo = Bi + Br                                                                                (9) 
Where Bo is the observed peak broadening in radians, Bi is the instrumental broadening in radians and Br 
is the broadening due to the small particle size and lattice strain. The instrumental widening/ broadening 
has been evaluated utilizing an unadulterated without strain fine sodium chloride powder test exposed to 
XRD under indistinguishable conditions as those for the stressed metallic powders. Equation-9 holds 
great if the diffraction tops show Cauchy profile. Notwithstanding, when the diffraction tops are 
somewhat Cauchy and incompletely Gaussian for profiles, the accompanying connection between Bo, Bi 
and Br hold great, Bharati et al.18   
Br = [(Bo-Bi) (Bo

2-Bi
2)1/2]1/2                                                               (10)   

 
Now, according to Scherrer equation, the broadening due to small particle size may be expressed as:  
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Bc  = cos θ
t

k λ                                        (11)   

Where Bc is the broadening solely due to small crystallite size, K a constant whose value depends on 
particle shape and usually taken as unity, t the crystallite size in nanometers,  the Bragg angle and  is 
the wavelength of the incident X-ray beam in nanometers.Similarly,  according to Wilson19, the 
broadening due to lattice strain may be expressed by the relation,                      
Bs  =  ε tan                                       (12)    
Where Bs is the peak broadening due to lattice strain and ε the strain distribution within the material and  
is the Bragg angle.  Based on Eqs. (11) and (12) the total peak broadening Br may be expressed as,   

            Br  =   tan θ
tcos

kλ 


     (13)        

Which can be written as:     
 Brcos  =   ins

t

k λ                             (14) 

The plot of Br cosversus sinis a straight line with slope equal to ε and hence the particle size ‘t’ 
can be estimated from the intercept. Typical Hall-Williamson plot between  Brcosand sinis shown 
in Fig.-2. 

 
Fig.-2: Plot of Brcos/ λ  Vs  sin/ λ  for W after milling for 25 hours 

 
The lattice strains were determined from the plot of Brcosθ/λ against sinθ/λ following standard 
procedures20. The measured half-widths were corrected for instrumental broadening 
concerning a pure strain-free silicon powder. The variation of particle size with milling time is within the 
limits of experimental errors. This shows that while the milling is enough to create strains, it affects the 
particle size to a measurable extent. A typical Hall-Williamson plot is shown in Figure 2 for  Ag after 
grinding for 25 hours. 

RESULTS AND DISCUSSION 
The values of the lattice strain, crystallite size, root mean square amplitude of vibrations, Debye-Waller 
factor and Debye temperature of W powders, ground for different durations, obtained in the present study 
are given in Table-1. As the objective of the present work is to investigate the strain dependence of 
Debye-Waller factors, the variation of the lattice strain () and Debye-Waller factor (B) for different 
milling times for fcc metal W is shown in Fig.-3. 
 
Table-1: Values of Lattice Strain (), Crystallite Size (t), Debye-Waller Factor (B), Root Mean Square Amplitudes 

of Vibration <u>, Debye Temperature (M) and Energy of Vacancy Formation (Ef) of Strained Tungsten 
Nanopowders 

 

Metal Milling time ε x 103 t(nm) <u>(Å) B(Å2) M(K) Ef(eV) 

W 0 1.23 500 0.0804 (3) 0.17 (2) 336 (3) 7.17 

 5 1.38 118 0.0830(2) 0.18 (1) 325 (5) 6.71 

 10 1.47 91 0.0850(3) 0.19 (1) 318 (3) 6.42 
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 15 1.67 88 0.0893 (4) 0.21 (2) 303(13) 5.83 

 20 1.99 69 0.0935 (6) 0.21 (2) 288 (9) 5.27 

 25 2.08 46 0.1031 (6) 0.28 (1) 261 (6) 4.33 

 30 2.18 38 0.1085 (4) 0.31 (3) 248(23) 3.91 

 35 3.66 29 0.1217 (6) 0.39 (4) 220 (31) 3.07 

 40 4.77 21 0.1221(4) 0.43(1) 216(3) 2.96 

  
(a) (b) 

  
(c) (d) 

 
Fig.-3: Milling Time versus (a) Lattice Strain, (b) Crystallite Size and (c)Debye-Waller Factor and  

(d)Lattice Strain versus Debye-Waller Factor Curves for W. 
 

Both lattice strain and Debye-Waller factor increase with milling time.  This is similar to the observations 
of earlier workers8, 9, 10 and Gopi Krishna and Sirdeshmukh13. The Debye-Waller factor increases with 
milling time and lattice strain in a slightly non-linear fashion and crystallite size decreases with milling 
time.  An extrapolation of the B versus curve to  = 0 gives the values of Debye-Waller factor 0.12Å2.  
The zero-strain values of the Debye-Waller factor are less than the values for the initial samples. The zero 
strain Debye-Waller factors of 0.12 Å2  for w is close to the value of 0.18 Å2 obtained by earlier worker5 
using powder X-ray diffraction. Thus, the Debye-Waller factors of w powder samples carry an effect due 
to lattice strain.  While comparing the Debye-Waller factors calculated from the lattice dynamical models 
with experimental results, Vetelino et al21 have attributed the difference to inaccuracies in the 
experimental values caused by neglecting the TDS corrections. The repeated milling of the powder 
sample leads to lattice distortion which gives rise to microstrains in the lattice. These microstrains 
increase the contribution of the static component of the Debye-Waller factor. Thus both lattice strain and 
the observed Debye-Waller factor, which is the sum of static and thermal components, increase with 
milling time. Thus, whenever Debye-Waller factors are determined from X-ray intensities on powder 
samples, it is desirable to estimate the lattice strain and if the strain is large, a suitable correction is to be 
made as done in the present study.   
Figures-  4 and 5 show SEM images of ball milled nano tungsten powders, after 0, and  5 hours of high-
energy planetary milling. The milled powders show an irregular morphology with a very fine particle 
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size, approximately 50nm. Glyde22 derived the following relation between the energy of vacancy 
formation (Ef) and the Debye temperature () of a solid.  The relation is- 
 

                                       Ef = A(k/ħ)2 M2a2                (15) 
Where a is the interatomic spacing, A a constant shown to be equal to 1.17 x 10-2

, M the molecular weight 
and h and k are the Plank’s and the Boltzmann’s constants, respectively.  Glyde recommended the use of 
X-ray based values in eq. (15). The validity of eq.(15) was verified for severalfcc, bcc and hcp metals23 
and Purushotham.24-29 Therefore, the X-ray Debye temperatures obtained in the present work have been 
used to study the variation of vacancy formation energy as a function of lattice strain in W. The values of 
vacancy formation energies are also included in Table-1. 
 

 
 

Fig.-4: SEM Image of the High Energy Planetary Ball-
milled Nano-crystalline Tungsten Nanopowder Particle 

Size 500nm for Initial Sample (0 hours) 

Fig.-5:  SEM Image of the High Energy Planetary Ball-
milled Nanocrystalline Tungsten Nanopowder Particle 

Size 100nm for 5 hours 
CONCLUSION 

Tungsten powder was strained by milling for 40 hours. From a study of X-ray diffractograms recorded at 
different stages of milling, it is observed that milling for 40 hours has a systematic effect on the particle 
size.  However, the milling produces lattice strain and also enhances the effective Debye-Waller factor.  
By extrapolation of the plot between the Debye-Waller factor and the lattice strain, the zero strain Debye-
Waller factors are obtained for W. The variation of energy of vacancy formation as a function of lattice 
strain has been studied. 
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