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ABSTRACT 

 
A systematic study on the structural, microstructural and optical properties of Cr 
doped ZnO nanoceramics with different milling time and temperature has been 
reported. The weight percent of Cr in ZnO varies from 1 to 4% and the milling 
time varied from 2h to 10h. X-ray diffraction (XRD) data reveals that up to 3% of 
Cr can be doped in to ZnO after 10 hour of milling showing single phase 
polycrystalline Cr-doped ZnO, but for x = 0.04 few peaks related to Cr2O3 was 
noticed. But after calcination at 900 ºC no additional peak related to Cr2O3 was 
observed for x = 0.04 sample forming single phase. So up to x = 0.04 Cr is below 
the solubility limit of Cr in ZnO by ball milling. The data is well matched with 
rietveld refinement of XRD pattern. Particle growth was observed from FESEM 
micrograph after calcination and sintering. The band gap of 2% of Cr doped ZnO 
varies from 3.18eV to 3.06eV with milling from 2hr to 10hr again with increasing 
Cr concentration from x = 0 to x = 0.04 the variation of band gap was from 
3.22eV to 3.235eV. Cr doped ZnO shows blue shift with doping concentration 
and sintering.  
  
Keywords:  High energy Ball Milling (HEBM); X-ray Diffraction (XRD); Rietveld 

refinement; Field Emission Scanning Electron Microscopy (FESEM); 
Diffuse Reflectance Spectroscopy (DRS). 

 

1. INTRODUCTION 
 
Recently, nanostructured semiconductor metal oxide like ZnO, TiO2, CuO, CoO 
etc. are of great interest in the field of research as well as industry [1-5]. Among 
different semiconductor metal oxide ZnO has the highest nanostructures, both in 
structures and in properties [6]. ZnO has a band gap of 3.37 eV and binding 
energy of 60 meV, high transparency, outstanding chemical stability, low cost 
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production, excellent electrical and optical properties at normal temperature. Due 
to these excellent characteristics, it has verities of applications in the field of 
optoelectronics [7], agriculture [8], photocatalysis [9], antibacterial activity [10], 
gas sensors [11] and anticancer [12]. However, the structure of ZnO can be 
modified according to research interest and also for different device fabrication. 
Band gap energy of ZnO can also be modified by a number of synthesis method 
and by controlling shape and size [13-17]. By doping different elements into ZnO 
various properties like electrical, magnetic, and optical can be modified. For 
suitable application ZnO properties has been tuned by doping various transition 
metal ions like Ni, Fe, Mn, Cu, Ti, Cr and Co [18-25]. Among these, Cr2O3 is the 
most stable phase under usual conditions. Cr2O3 has a number of applications in 
the field of solar absorber, protective coating layers, catalyst etc. [26]. As the 
ionic radius of Cr

3+
 ion (0.62 Å) is nearly that of Zn

2+
 ion (0.74 Å), Cr

3+
can easily 

substitute for Zn
2+ 

in the ZnO lattice [27] and can also modify the properties of 
ZnO. A number of researchers reported a decrease in band gap of ZnO by Cr 
doping. Decrease in band gap of ZnO was reported by Prakash chand et al. due 
to Cr and Fe doping [28]. For the preparation of undoped and doped ZnO 
nanomaterials different methods have been used like ball milling [29], sol-gel 
[30], hydrothermal [31], combustion [32], co-precipitation [33], biological methods 
[34] etc. Among these synthesis techniques, high energy ball milling (HEBM) is 
the most efficient and simple technique to produce large quantity of 
nanocrystalline powder. Due to the impact of energy fracturing and rewelding of 
grains takes place and also lead to formation of different composites and alloys 
[35]. The characterization of nanostructured solids or nanocrystalline materials 
comprise the explanation of microstructure in terms of (i) grain size and (ii) lattice 
defects. Grain size can be determined by analysing Field Emission Scanning 
Electron Microscopy (FESEM), Transmission Electron Microscopy (TEM). X-ray 
line broadening is an alternative method to find out grain size [36]. The X-ray, 
FESEM and TEM methods are used to explain microstructure.  
 
In the present paper we have presented in details about variation of structural, 
microstructural and optical properties with different milling duration, varying 
concentration and different temperature of Cr doped ZnO nanoceramics and the 
possible correlation between them has been investigated. 
 

2. EXPERIMENT  
 
2.1 Materials and synthesis procedure 
 
Cr doped ZnO nanoceramics (Zn1-xCrxO, x = 0-0.04) have been prepared by High 
Energy Ball Milling technique (HEBM, PM400Retsch, Germany). High purity ZnO 
and Cr2O3 having 99.9% purity (Sigma-Aldrich) have been used as the raw 
material. Calculated quantity of ZnO and Cr2O3 was taken in tungsten carbide 
(WC) vials with WC balls maintaining ball to powder weight ratio10:1. The 
samples were milled for different durations (2, 4, 6, 8 and 10h) with an 
interruption for 30 min after every one hour of milling to avoid overheating. The 
milled materials were calcinated at 900 ºC for 2hrs. 
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2.2 Characterization 
 
Structural characterization of the synthesised materials were performed by XRD 
using a X-ray diffractometer (D8 Advance, Bruker) with Cu Kα radiation with (λ = 
1.5406 Å) in the 2θ range of 20º-90º. The Rietveld refinement of the XRD 
patterns was executed by the “FullProf” program. The analysisof the results were 
taken place by comparing with standard JCPDS files. Crystal structure supercell 
model of all synthesized samples were done by using VESTA software.The 
surface morphologies and chemical composition of the milled powder, the pellet 
sample after calcinations and after sintering at 1000 

º
C was analyzed by using 

Field Emission Scanning Electron Microscopy and EDX spectroscopy (FESEM, 
Carl Zeiss NTS Ltd, UK). The particle size distribution was computed by use of 
ImageJ software. The UV-Vis-DRS absorption spectrum of the samples was 
carried out by using Lambda 750 UV/Vis/NIR Perkin Elmer spectrophotometer to 
study the optical properties and estimate the energy band gap.  
 

3. RESULTS AND DISCUSSION 
 

3.1 Structural analysis-XRD  
 
Structural analysis of the mechanically alloyed powders (uncalcined and 
calcined) has been carried out by XRD. 
 
3.1.1 Impact of milling time 
 

Cr doped ZnO nanoceramics (Zn1-xCrxO, x=0 - 0.04) has been synthesized by 
HEBM technique at room temperature for different duration of milling (0, 2, 4, 8, 
10h) illustrated in Fig. 1(a, c, e, g and i) and corresponding zoomed in view is 
shown in Fig. 1(b, d, f, h and j) respectively. The peak shifting of the most intense 
peak along the plane (101) with different milling time is illustrated in Fig. 2(a-e). 
The distinct peak of Cr2O3 and ZnO were observed for 0h or unmilled samples. 
The peak related to Cr2O3 denoted as Δ Fig. 1 (d, f, h and j) and the peak related 
to ZnO phase marked as (*) as shown in Fig. 1(c, e, g and i). Few sharp peaks 
related to Cr2O3 are observed at 2θ = 41.38, 50.16 and 54.91º for 0h (unmilled) 
sample is illustrated in Fig. 1(c, e, g, i). It was noticed that with increase in milling 
time, the peak related to Cr2O3 (marked as Δ) disappeared at 10h of milling for 
Cr

3+
 concentration x≤0.03 (Fig. 1(d, f, h, j)).  

 
However, at higher concentration i, e x = 0.04 some extra peaks associated to 
Cr2O3 were found at 2θ = 41.38º, 50.16º and 54.91º for 10h ball milled sample 
(Fig. 1 (j)).This suggests that Cr

3+
 is replaced by Zn

2+
 in the ZnO crystal lattice for 

x =0.01-0.03 just after ball milling the mixture for 10h but for x = 0.04 peak 
related of Cr2O3 is observed at 10h of milling. However, very tiny peaks at 2θ = 

28.63, 39.48, 50.84 and 61.59 were observed in all the XRD patterns (Fig. 1 
(j)) which are not related to Cr2O3.  
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Fig. 1. XRD patterns of Zn1-xCrxO nanoceramics as a function of milling 
time: (a) x = 0, (c) x = 0.01, (e) x = 0.02, (g) x = 0.03, (i) x = 0.04 and the 

distended view are illustrated in (b), (d), (f), (h) and (j) respectively 
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Fig. 2. Shifting of (101) X-ray plane of Zn1-xCrxO nanoceramics with milling 
time 

 
The crystalline nature is clearly shown by the peaks of XRD. The crystal structure 
of Zn1-xCrxO nanoceramic is hexagonal wurtzite structure as observed from the 
XRD peak and in accordance with JCPDS card no.36-1451 [37-39]. No extra 
peaks in the XRD pattern was noticed related to Cr or Cr related secondary 
phases in case of 10h milled sample for x < 0.04, this may be owing to the 
doping of Cr

+3
 ion into the Zn lattice site.Vojisavljevic et al. also reported the 

similar result [40]. The reduction in peak intensity and enhancement in FWHM of 
the peak was observed for all samples with increasing milling time. Fig. 2(a-c) 
shows the shifting of most intense peak (101) for all Cr doped ZnO sample and 
shifting of peak towards higher 2θ value was observed. This shift is because of 
the variation in ionic radii of Cr

3+
 and Zn

2+ 
which proves that the Cr is effectively 
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doped into ZnO lattice [41,42]. The strain of the sample was found to be 
increased after Cr doping. With increase in strain the XRD peak shifting and 
broadening was noticed for the doped sample [43]. 

 

 
Fig. 3. Variation of crystallite size and strain with different milling time of 

Zn1-xCrxO nanoceramics 
 

3.1.2 Effect of milling time on crystallite size (d) and strain (ε) 
 

Rietveld refinement of the XRD pattern was performed to compute the structural 
parameters of the milled samples. Williamson-Hall (W-H) method is used to 
quantify the crystallite size and strain. Fig. 3 represents the variation of crystallite 
size and strain with different milling duration. As observed from Fig. 3, the 
crystallite size decreases rapidly for 2h of milling and still decreases slowly with 
milling up to 10h. The decrease in crystallite size with increase in milling time is 
because of cracking than rewelding of the mixture during the collision between 
themselves and with the milling media. The value of lattice strain will be higher 
when the nanoceramics have more defect concentration [44]. With increase in 
milling time, lattice imperfection increased which causes increase in lattice strain 
[45].  
 
The crystallite size systematically reduces with increasing milling time from 0 to 
10h however, the strain increases i.e. the crystallite size varies inversely to the 
lattice strain with milling time. For pure ZnO the crystallite size varies from 101 
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nm to 20 nm while strain varies from 0.392x10
-3

 to 4.5x10
-3

. The crystallite size 
varies from ~ 118 nm to ~ 13 nm while the lattice strain is ranges from          
0.0137 x 10

-3
 to 4.5 x 10

-3 
for Cr

3+
 doped ZnO respectively. In all samples the 

strain increases linearly while crystallite size decreases with increasing                
milling time. This phenomena have been reported by a number of researchers 
[46–48]. 
 

 
 

Fig. 4. XRD pattern of Cr doped ZnO nanoceramics: (a) 10h Ball milling,      
(b) enlarged view of (a), (c) 10h milled followed by calcined at 900 ºC for 2h 

and (d) enlarged view of (c) 

 
3.1.3 Impact of calcination temperature  
 

Fig. 4(a) illustrates the X-ray diffraction of the 10h ball milled Cr doped ZnO 
samples with different Cr concentration and Fig. 4(b) shows the enlarged view of 
Fig. 4(a). The analysis of the XRD patterns shows that the crystal structure of Cr 
doped ZnO samples is hexagonal. 
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Fig. 5. Rietveld Refinement XRD Profiles of 10h Milled Cr Doped ZnO 
Sample 

 
The broadening of peak was observed with increase in Cr concentration. The 
Rietveld refinement of the XRD patterns for these ball milled samples (Fig. 4(a-e) 
agreed to the experimental result. There is no any impurity or secondary peak 
related to Cr2O3 was observed in the XRD patterns up to x =0.03 for 10h milled 
samples (Fig. 4 (a) and (b)).  
 



 
 
 

Research Aspects in Chemical and Materials Sciences Vol. 6 
Tuning the Structural, Microstructural and Optical Properties of ZnO with Different Concentration of Cr 

Doping 
 

 

 
38 

 

 
 

Fig. 6. Rietveld Refinement XRD Patterns of Calcined Cr Doped ZnO 
Samples 

 

But in case of x = 0.04 some extra peaks associated to Cr2O3 are noticed at       
2θ = 41.38, 50.16 and 54.91 for x = 0.04 in case of 10h ball milled sample       
(Fig. 4 (b)), which suggests that Cr

3+
 is replaced by Zn

2+
 in the ZnO crystal lattice 

for x = 0.01-0.03 just after milling for 10h but for x = 0.04 precipitation of Cr2O3 is 
observed.  
 
The XRD profiles of the milled sample after calcination at 900 ºC for 2 h (Fig. 5(a-
e) indicates that the samples with Cr concentration up to 4% (x = 0.04) forms 

single phase. However very tiny peaks at 2θ = 28.63, 39.48, 50.84 and 61.59 
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were observed in all the XRD patterns (Fig. 4(c) and (d)). These peaks are not 
related to Cr2O3. Hence, these peaks might be due to any impurity present in the 
commercial ZnO sample. It indicates that after calcination at 900 ºC the Cr

3+
 ion 

substitute the Zn
2+

 ion in the crystal lattice of ZnO for the sample with x up to 
0.04 giving single phase Zn1-xCrxO material and no precipitation of Cr2O3 was 
observed. The Rietveld refinement of XRD profiles of 900 ºC calcined Zn1-xCrxO 
sample was shown in Fig. 6(a-e) and it was good in agreement with observed 
result. Therefore, we believe that up to 4% of Cr (x=0.04) doping is well below 
the solubility limit of Cr ion in ZnO lattice by HEBM. More than 4% of Cr doping in 
ZnO was reported by sol gel method and by a number of researchers [49,50]. 
Kerista Sebayang et al. reported more than 3.5% of Cr doping by solid state 
reaction [51]. It is also noticed that upon calcination the peak intensity increased 
and FWHM decreased which indicates the crystallinity of the Zn1-xCrxO sample 
increased after calcinations [45]. 

 
3.1.4 Impact of calcination temperature on structural parameters 
 

The structural parameters of the XRD patterns of 10h ball milled Zn1-xCrxO 
nanoceramics were shown in ((Fig. 7(a-f)) and after calcination at 900 ºC were 
presented in ((Fig. 8(a-f)). It has been observed from Fig. 7(a) there is no 
significant modification in the value of lattice parameter (a and c) due to Cr 
doping. However, a slight increase in the value of both a and c was observed 
after Cr doping which can be due to the lattice distortion caused by doping. But it 
decreases with increases in Cr concentration and this result is consistent with the 
reported observation [50,52,53]. However after calcination the value of a and c is 
found to decrease (Fig. 8(a)). The c/a ratio of ZnO is not much increased by Cr 
doping while the volume of unit cell reduces slowly with increase in Cr 
concentration (Fig. 7(b)). But after calcination, the tetragonality factor and unit 
cell volume decreases with increasing in Cr concentration (Fig. 8(b)). The value 
of c/a =1.60 indicates that the hexagonal structure of pure ZnO is not disturbed 
by Cr substitution or calcination. The volume of the unit cell was computed by 
using the equation. 
 

 V = 0.886 x a
2
 x c                                                                                 (1) 

 
The change in lattice parameter, volume and c/a ratio due to calcination may be 
attributed to change in particle size and quantum size effect [54]. The crystallite 
size (D) was calculated by Scherer equation and W-H method is used to 
calculate the strain (ε) induced in the sample.The change of crystallite size and 

strain with increase in Cr concentration were given in Fig. 7(c). It was found that 
the crystallite size decreases with increases in Cr concentration in ZnO. Which 
may be caused by doping of Cr atom in the ZnO lattice [55]. 
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Fig. 7. Variation of structural parameter with Cr concentration of 10h milled 
Cr doped ZnO samples (a) Latice pameter ‘a’ and ‘c’,(b) c/a ratio and V, (c) 
D and ε, (d) SSA and u-parameter (e) L and R and (f) dislocation density(δ) 

 
The reduction in size may be because of lattice distortion of the ZnO crystal 
structure due to doping of smaller size Cr into ZnO lattice [55]. Similar result was 
also reported by a number of researchers [53,56]. The lattice strain is increased 
after Cr doping but with increase in Cr concentration it is found to be decreased. 
The result is quite similar as observed by Santi Septiani et al. [52]. After 
calcination crystallite size of all sample increases significantly which might be 
due to the recrystallization of Zn1-xCrxO nanoceramics [54]. In addition with 
increase in crystallite size lattice strain was reduced. This can be due to 
decrease of defect concentration in ZnO and structural relaxation [45] Fig. 8(c). 
Another reason for the reduction of lattice strain with calcination is due to 
improved crystallinity with temperature. Fig. 7(d) shows the change of specific 
surface area and u-parameter with Cr concentration.  
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The specific surface area (SSA) of sample was computed by using the relation 
 

  
     

    
                                                                                              (2) 

 
The specific surface area of Cr doped ZnO shows larger value up to 2% of Cr 
doping than pure ZnO which is slightly decreases for 3% and 4% of doping. This 
large value of specific surface area shows the higher reactivity of sample [57]. 
The specific surface area decreases drastically after calcination which may be 
due to enhance in crystallite size (Fig. 8(d)).  
 
The u-parameter was calculated by using the formula [41]. 
 

  
1

3
 
  

  
  

1

4
                                                                                          (3) 

 
 Slight increase in the value of u-parameter was also observed (Fig. 8(d)). The 
doping induced effect on Zn-O bond length was calculated using relation  
 

      

 
   

 

 
   

 
                                                                             (4) 

 
The effect of Cr doping on the variation of Zn-O bond length was shown in Fig. 
7(e), which shows a very small variation of bond length with rise in Cr 
concentration which confirms replacement of ion [58]. The lattice distortion in the 
crystal structure is due to the change in bond length. The lattice distortion degree 
was calculated by using the relation  
 

R=
2a 

 

 
    

c
                                                                                               (5) 

 
Small decrease in bond length(L) and lattice distortion(R) was observed after 
calcination (Fig. 8(e)). In our case, the lattice parameter (a and c) and Zn-O bond 
length was found to be decreased with increasing the Cr concentration, which 
confirms the reduction of crystallite size along with unit cell volume and relevant 
modification in micro strain .  
 
The average value of dislocation density (δ) was calculated by using the relation 
 

  
       

    
                                                                                            (6) 

 
The value of dislocation density (δ) was calculated by taking first three major 
planes (100), (002), (101) and are shown in Fig. 7(f). It was observed that the 
value of dislocation density (δ) for x=0.01 doped ZnO is lower than pure ZnO 
which increases with increase in Cr concentration. The highest value of 
dislocation density was observed for x = 0.04, indicates the highest hardness 
among all the samples [59]. In comparison to uncalcined sample, the calcined 
sample shows lower value of dislocation density Fig. 8(f). 
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Fig. 8. Variation of structural parameter with Cr concentration of 10h milled 
and calcined Cr doped ZnO samples (a) Latice pameter ‘a’ and ‘c’,(b) c/a 

ratio and V, (c) D and ε, (d) Specific surface area and u-parameter (e) L and 
R and (f) dislocation density(δ) 

 
3.1.5 Crystal structure supercell model 
 

To facilitate the actual dopant variation we used periodic 3x3x3 supercell of Cr 
doped ZnO sample, those are drawn from XRD information and appeared in Fig. 
9(a-e). 
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Fig. 9. Wurtzite supercell model of 10h milled powder of Zn1-xCrxO 

 
The ideal ZnO has a hexagonal wurtzite structure. Fig. 9 (a) represents the 
supercell of the wurtzite ZnO with total 102 atoms having 51 atoms of zinc and 
51 atoms of oxygen. By replacing one, two, three and four zinc by three 
chromium atoms 1%, 2%, 3% and 4% Cr-doped ZnO samples are obtained. For 
this situation the super cell contains 50, 49, 48 and 47 atoms of zinc with 1, 2, 3 
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and 4 atom of chromium for 1%, 2%, 3% and 4% Cr-doped sample respectively 
along with 51 atoms of oxygen [60]. 
 

3.2 Microstructural Analysis 
 
The microstructural analysis of the synthesized samples has been carried out by 
Field Emission Scanning Electron Microscopy (FESEM). 
 
3.2.1 FESEM analysis 
 

The surface morphological properties of Cr doped ZnO nanoceramics was 
investigated by FESEM and were shown in Fig. 10 (a, b and c). The morphology 
of undoped and Cr doped samples is spherical. Due to aggregate of particle 
some bigger particle of different shape and size are found. Densification of 
sample also observed after calcination at 900 ºC and sintering at 1000 ºC, before 
sintering the density of pellet ≤ 77%, whereas after sintering density was found to 
be ~97% .The average particle size of ball milled Cr doped ZnO sample was 
found to be in the range of ~ 30 nm (Fig. 11(a). However the particle size after 
calcination increased and was ranging from 99 nm -204 nm (Fig. 11(b). Again the 
particle size was found to increase after sintering ranging from174 nm to 938 nm 
(Fig.11(c). Similar results were observed by R.O. Yathisha et al. [61]. K. 
Vijayalakshmi also reported that the particle size of ZnO decreases after Cr 
doping [62]. Compared to that of doped ZnO the particle size of ZnO is much 
larger.  
 
3.2.2 Energy Dispersive X-Ray (EDX) analysis 

 
The chemical composition of the synthesized materials (Zn1-xCrxO) were 
analyzed by EDX and shown in Fig. 12. The EDX spectra of pure ZnO contain 
only Zn, O and along with the presence of Cr in the Cr doped ZnO samples (Fig. 
12). This confirms that Cr is successfully doped into the ZnO host lattice. This is 
well supported by the XRD result. No impurities were noticed in the sample which 
validates purity of the samples.  
 

3.3 Optical Analysis  
 

Diffuse Reflectance Spectroscopy (DRS) was used to study the optical behaviour 
of synthesized nanoceramics samples. All spectra were recorded at room 
temperature in the wave length range of 300-800nm. Here it is executed to see 
the effect of dopant on the energy band gap of ZnO was observed. 
 
3.3.1 Determination of band gap energy (Eg) 
 

Kubelka-Munk method was used to calculate the band gap energy (Eg) of both 
doped and undoped samples [63,64] by plotting the F(R)

2 
Vs hν and 

extrapolating the linear part of the curve to F(R)
2 
=0. 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwi1l-nKmpz8AhUW-jgGHX_qAH4QFnoECAkQAw&url=https%3A%2F%2Fwww.intertek.com%2Fanalysis%2Fmicroscopy%2Fedx%2F&usg=AOvVaw0AdzXs5GeNHPB87Q4cCfM8
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwi1l-nKmpz8AhUW-jgGHX_qAH4QFnoECAkQAw&url=https%3A%2F%2Fwww.intertek.com%2Fanalysis%2Fmicroscopy%2Fedx%2F&usg=AOvVaw0AdzXs5GeNHPB87Q4cCfM8
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Fig. 10. FESEM micrograph of Zn1−xCrxO(x = 0 - 0.04) nanoceramics: (a) 10h 

milled uncalcined powder,(b) unsintered pellet of 10h milled calcined      
(900 ºC) pellet and (c) sintered(1000 ºC) pellet of calcined powder 

 
3.3.2 Variation of band gap energy (Eg) with milling time 
 

The reflectance spectra of 2% Cr doped ZnO was examined with different 
duration of milling and shown in Fig. 13. 

 

      (a)                                (b)                                   (c) 
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Fig. 11. Particle size distribution of Zn1-xCrxO samples (a) 10h milled 
uncalcined powder, (b) Pellet of 10h ball milled powder and calcination at 

900ºC and (c) sintered (1000 ºC) pellet of calcined powder 

(a)                               (b)                                (c) 
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Fig. 12. EDX spectra of Zn1-xCrxO nanoceramics 

 
The calculated band gap for these samples is depicted in Fig. 14. The band gap 
was observed to reduce monotonically with increase in milling time from 3.18eV 
to 3.06eV.Our observation is further supported by the earlier observation [65]. 
 
3.3.3 Band gap energy (Eg) variation with Cr concentration  
 

The DRS plot of calcined 10h milled Cr doped ZnO samples are shown in Fig. 15 
and the variation of corresponding band gap energy was show in Fig. 16. The 
calculated band gap for Cr doped ZnO samples were found to increase with 
rising Cr concentration (blue shift). Over all a very minute variation in the band 
gap was observed. In our system, the variation of Eg may be due to the presence 
of strain inside the crystal supported by XRD analysis. The origin of strain as a 
result of the presence of lattice defects (dislocation, point), bond length variation, 
bond angle etc [66,67] due to ball milling.  
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Fig. 13. DRS spectra of 2% Cr doped ZnO powder sample with milling time 

 

 
 

Fig. 14. Variation of energy band gap of 2% Cr doped ZnO sample with 
milling time 
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Fig. 15. DRS spectra of 10h milled Zn1-xCrxO nanoceramics after calcination 

 

 
 

Fig. 16. Variation of band gap energy of Zn1-xCrxO nanoceramics 
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The variation of the lattice parameter is also a possible reason for the change of 
Eg. Additionally change in structural parameter, grain size, lattice strain etc. are 
the factors responsible for the change of band gap [68]. This result shows the 
band gap tuning through doping.This suggests possible applications for 
electronic, optoelectronic and photocatalytic devices. Similar results were 
reported in literature for Sn doped ZnO [69], Cu doped ZnO [70], Nd doped ZnO 
thin films [71]. 
 

4. CONCLUSION 
 
Cr doped ZnO (Zn1-xCrxO) nanoceramics with different doping concentration were 
synthesized successfully using high energy ball milling. Rietveld refinement XRD 
study showed the hexagonal wurtzite structure of synthesized nanoceramics and 
did not induce impurity phase. The increase of lattice constants, strain, bond 
length, u-parameter, change in c/a ratio, volume, reduction of average crystallite 
size and the change in band gap energy shows that Cr has really doped into ZnO 
lattice. The crystallite size decreases whereas strain increases linearly with 
increase in duration of milling. After calcination at 900˚C the impurity phase of 
Cr2O3 disappeared. The crystallite size decreased after Cr doping whereas strain 
increased. Calcined sample have bigger crystallite size and less strain than 
uncalcined. After calcination the specific surface area was found to decrease. 
The growth of particle was observed after calcination and sintering. The band 
gap energy found to be reduced with increase in milling time but found to be 
increased with increase in Cr concentration shows a blue shift showing the 
suitability of the sample for optoelectronic device applications. 
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