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Abstract Key words 
     The sensors based on Nickel oxide doped chromic oxide (NiO: 

Cr2O3) nanoparticals were fabricated using thick-film screen printing 

of sol-gel grown powders. The structural, morphological 

investigations were carried out using XRD, AFM, and FESEM. 

Furthermore, the gas responsivity were evaluated towards the NH3 

and NO2 gas. The NiO0.10: Cr2O3 nanoparticles exhibited excellent 

response of 95 % at 100
o
C and better selectivity towards NH3 with 

low response and recovery time as compared to pure Cr2O3 and can 

stand as reliable sensor element for NH3 sensor related applications. 
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ادائٍة انًتحسس انغازي نجسًٍات اوكسٍذ انكروو اننانىٌة انًطعًة بأوكسٍذ اننٍكم انًنًى 

 بطرٌقة انًحهىل انهلايً

تىنس بلاسى حسن
1

عبد الكريم محمد علي, 
2

غصون حميد محمد, 
1

 

1
 العراق, جامعة بغداد, كلية العلوم, قسى انفُضَبء

2
 جامعة بغداد, كلية العلوم, قسى انكًُُبء

 انخلاصة 

رى رحضُش غشبء سًُك يٍ اوكسُذ انكشوو انُقٍ وانًشىة ثبوكسُذ انُُكم يٍ انجبودس انًحضش ثزقُُخ      

رى انزحقُق يٍ انخصبئص انزشكُجُخ وانًىسفىنىجُخ ثىاسطخ حُىد الاشعخ انسُُُخ ويجهش .انًحهىل انهلايٍ 

اسزخذو انغشبء كزطجُق نًزحسس غبصٌ غبص الايىَُب  علاوح عهً رنك فقذ. وانًبسح الانكزشوٍَ انقىي انزسَخ

نغبص الايىَُب %  89افضم انُست نلاسزجبثخ  0.10وغبص ثبٍَ اوكسُذ انُزشوجٍُ وكبَحُث كبَذ َسجخ انزشىَت 

 3O2Cr يع اَخفبض وقذ الاسزجبثخ والاَزعبش ثبنًقبسَخ يع 3NH أفضم رحسسُخ  َحى دسجخ يئىَخ  100عُذ 

  .3NHكعُصشيزحسس فعبل نزطجُقبد انًزحسس نغبص   كىٌَانُقٍ وًَكٍ أٌ  

 

 

Introduction 

     Metal oxides have wide band gaps 

because of significant contribution of 

ionic character to the chemical bonds 

between the metallic cations and oxide 

ions. In general, metal oxides are not 

electrically conducting. However, 

current interest in material science is in 

unraveling the fundamental aspects of 

transparent conducting oxides (TCO) 

and their applications as 

semiconducting and conducting 

transparent thin films. A transparent 

conducting oxide is a wide band-gap 

semiconductor that has a relatively 

high concentration of free electrons in 

its conduction band. These arise either 

from defects in the material or from 
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extrinsic dopants, the impurity levels 

of which lie near the conduction band 

edge. As implicit in the name, 

transparent conductors must be 

simultaneously transparent and 

conducting, an unusual combination. 

The physics behind TCO materials as 

to why they possess both high 

conductivity and high transparency is 

important in attempting to improve our 

understanding of them and to develop 

new TCO materials [1]. Metal oxides 

as nanoparticles can exhibit unique 

chemical properties due to their limited 

size and high density of surface      

atoms [2]. Among metal oxides, 

special attention has been made on the 

formation and properties of Cr2O3. For 

nanoparticles of Cr2O3, though toxic 

[3] it can be widely used in fields such 

as catalyst [4], coating, wear and 

corrosion resistance [5], advanced 

colorant [6], H2 absorption material [7] 

and so on. It is significant to find an 

economical process which can be used 

to prepare them on a large scale.  

 

Experimental procedure 

1. Synthesis of pure Cr2O3 and NiO 

doped Cr2O3 nanoparticles sensors. 

     NiO doped Cr2O3 nanoparticles 

were prepared as in the following:  

The molar concentration was the same 

for each [(0.1), Cr (NO3)3.9H2O and Ni 

(NO3)2.6H2O] of the percentages used 

represented a value (NiO=0.01,           

0.06, 0.10). Chromic nitrate, 

Cr(NO3)3.9H2O,Ni(NO3)2.6H2O was 

dissolved in 50 ml of ethanol and 

distilled water at room temperature for 

1 hour  to prepare solution A. 0.5M ,8g  

of  PVA  was dissolved in 50 ml of 

ethanol and distilled water at room 

temperature for 1 hour  to prepare 

solution B. After that the solution B 

was added drop wise to solution A 

with continuous stirring. The mixture 

was heated to 80 
°
C to form a 

homogeneous sol solution. The 

obtained sol was slowly heated to 

evaporate the solvent and it forms a 

hard homogeneous gel. The Pyrolysis 

of the final gel was performed at a 

temperature of 400 
°
C for 4 hours. 

During the pyrolysis process the PVA 

polymeric network through the outer 

surface, nickel and chromic nitrate 

salts simultaneously calcinated and 

converted into NiO doped Cr2O3 

nanoparticles. The obtained samples 

were crushed to prepare a fine powder. 

B. Preparation of Films 

     The mixture of 1g nanoparticles for 

each (NiO, Cr2O3, and doped 

NiO(0.01,0.06,0.10):Cr2O3) in 10 ml 

acetone was stirred and dispersed by 

ultrasonic method to give a translucent 

solution. The homogenous mixture as 

sensing layer was then screen printed 

onto its surface and dried at 120°C for 

three hours using an oven. 

 

2. Characterizations 

     Recently, nanostructured 

semiconducting materials were 

synthesized by different physical and 

chemical methods. This search 

represents the various characterization 

techniques utilized in the present work 

and it also includes the basic principles 

of the characterization techniques in  

X-ray Diffraction (XRD), Atomic 

Force Microscopy (AFM), field 

emission scanning electron microscopy 

(FE-SEM).  

 

Results and discussion 

1. XRD 

     The phase identification and 

structural changes were investigated 

with the help of X-ray diffraction 

(XRD) technique. Fig.1 shows the 

typical XRD patterns recorded 2θ 

angle range 20-70
o
 for the all 

synthesized samples. The X-ray 

analysis of the prepared the thin films 

was studied according to the prepared 

method of NiO doped Cr2O3, when 

concentration of NiO (0.01, 0.06, and 

0.10) was prepared at room 
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temperature. Fig. 1 displays X-ray 

diffraction patterns of the as-prepared 

Cr2O3 and NiO doped Cr2O3 samples. 

The XRD spectra of NiO doped Cr2O3 

consist of (012) (104), (110), (113), 

(202), (024), and (116) peaks, and all 

the observed diffraction peaks can be 

indexed to Cr2O3 rhombohedral 

structure. The strong (110) peak proves 

that Cr2O3 with rhombohedral structure 

were obtained in both undoped and 

NiO doped Cr2O3 samples. No 

diffraction peaks of other structures 

were detected in these samples, 

indicating that the NiO ion 

successfully occupied Cr2O3 lattice site 

and there were no secondary phases or 

precipitates in the samples. The 

crystallites sizes of the Cr2O3 and NiO 

doped Cr2O3 are estimated using 

Debye–Scherrer equation. 

   
   

       
                                        (1) 

 

where D is the crystallite size, λ is 

wavelength of radiation used, β is the 

full width at the half maximum peak at 

diffraction angle 2θ. 

 

 
Fig.1: X-ray diffraction pattern of (A) Cr2O3 nanoparticles (B)NiO/Cr2O3 NPs at 0.01        

(C) NiO/Cr2O3 NPs at 0.06(D) NiO/Cr2O3 NPs at 0.10. 

 

     The average values of grain sizes 

are 25 nm, 24.8 nm, 23.8 nm and 19 

nm for the Cr2O3, (Cr0.99Ni0.01) O4, 

(Cr0.94Ni0.06) O4, and (Cr0.90Ni0.10) O4, 

respectively. The radius of Ni
2+

 was 

0.69 Å, which was larger than that of 

Cr
3+

 (0.62 Å) at the same condition. 

Therefore, the substitution of Ni
2+

 by 

Cr
3+ 

induced the high angle shift of 

diffraction peaks, confirming that Ni
2+

 

is incorporated into the Cr
3+

 lattice. 

This indicated that the addition of         

NiO could effectively prevent           

Cr2O3 crystallites from further 

growing-up [8]. 

2. AFM 

     The AFM image of undoped Cr2O3 

and doped NiO (0.01, 0.06, and 0.10) 

nanoparticles in two and three 

dimensions respectively, is shown in 

Fig. 2. The results of AFM image for 

the previous doped and undoped 

synthesized Cr2O3 and NiO 

nanoparticles showed that the diameter 

of the particles was average of 59.3 nm 

and 48 nm receptively. The doped 

diameter of the particles was average 

of 74-48 nm respectively. 
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Fig.2: AFM particle size distribution of Cr2O3 NPs and NiO (0.01, 0.06, and 0.10). 

 

3. FESEM 

     The FESEM micrographs of 

undoped Cr2O3 and NiO (0.01, 0.06, 

and 0.10) doped Cr2O3 thin films 

prepared by print screen at room 

temperature are shown in Fig.3 a, b,c 

and d respectively. It can be seen      

that the pure Cr2O3 nanoparticles were  

 

nearly uniform spherical shapes and 

very small particles in evidently 

dispersed without large agglomerates. 

Excess addition of NiO into the Cr2O3 

caused the agglomeration of grains due 

to the grain growth events. The 

average diameter of particle 30-60 nm.    

 

 
Fig. 3: FESEM image of Cr2O3 NPs and doped (A) 0.01(B) 0.06 (C) 0.10. 
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4. Gas sensing properties 

     Thin films of Cr2O3 and NiO doped 

Cr2O3 nanoparticals were tested to 

various gases such as: NO2, NH3, at 

operating temperatures ranging from 

35
 o

C to 300
 o

C. Fig. 4 shown the 

relationship between operating 

temperature and gas response of 

undoped and NiO doped Cr2O3 

nanoparticals sensors. The sensor 

response described in this paper       

was estimated with the following 

formula [9]: 

S= (Rgas-Rair/Rair) ×100%                 (2)                             

 

where, Rair is the resistance in air and 

Rgas is the resistance in presence of test 

gas at a given temperature. For each 

sample, the response towards NH3 

increased with operating temperature, 

reaching its maximum and then 

decreased rapidly with the increase in 

operating temperature. Also, it is 

evident that the response was 

influenced by Ni addition. This 

behavior is mainly due to the influence 

of operating temperature on the 

amount of absorbed oxygen species on 

the surface of Cr2O3 film [10]. At low 

temperature, the amount of absorbed 

oxygen species is low so the sensor 

response is consequently small while at 

very high temperature, the progressive 

desorption of the previously adsorbed 

oxygen species occurs and, hence, the 

sensor response decreases. The NiO0.10 

sample showed maximum response of 

95 % toward NH3 gas at moderate 

operating temperature of 100ºC which 

was the highest among all the other 

samples Cr2O3 (22 % at 100 
°
C), 

NiO0.01(58.4 % at 100 
°
C), and NiO0.06  

(61 % at 100 
°
C) respectively. Smaller 

crystallite size of NiO0.10 sample 

provides larger specific surface area 

and higher surface activity for oxygen 

adsorption. The fast reaction of 

adsorbed oxygen with ethanol gives a 

large change in the electrical 

conductivity of the sensor and 

eventually a higher sensor response. 

When the Ni concentration was less 

than the optimum value the distribution 

was more discrete and this amount 

may not be sufficient to promote the 

reaction effectively whereas for excess 

Ni there was almost agglomeration of 

these particles which hinders the 

reactions. At the optimum 

concentration (0.10) there was an 

uniform distribution of these particles 

as a result of which not only the initial 

resistance of the sensor is high but this 

amount can promote the reaction most 

effectively leading to enhanced 

response. The fast reaction of adsorbed 

oxygen with NH3 gives a large change 

in the electrical conductivity of the 

sensor and eventually a higher sensor 

response. 

 

 
Fig.4: The gas response of NH3 as a function of operating temperature for undoped and 

NiO doped Cr2O3 nanoparticles. 

Cr2O3 
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     While in Fig.5 sensing NiO doped 

Cr2O3 the gas NO2 we observe it will 

be more responsive. The NiO0.10 

sample showed maximum response of 

43 % at moderate operating 

temperature of 200 
º
C, which was the  

highest among all the other samples 

Cr2O3 (10.5% at 200 
°
C), NiO0.01(20 % 

at 200 
°
C), and NiO0.06  (27 % at       

200 °C) respectively toward the gas 

NO2. 

  

 
Fig. 5: The gas response of NO2 as a function of operating temperature for undoped and 

NiO doped Cr2O3 nanoparticles. 

 

     The transient response 

characteristics of all the samples 

toward the gases NO2 and NH3 are 

shown in Fig.6. These measurements 

were performed by injecting NO2 and 

NH3 gases into the chamber first and 

sensors resistance was measured in air 

and in the presence of NO2 and NH3. 

All the samples respond rapidly as 

soon as NO2 and NH3 gases were 

injected into the chamber. 

     Fig. 6 shown the response and 

recovery times for pure Cr2O3 and NiO 

doped Cr2O3 nanoparticles samples. It 

is seen that the Ni0.10 sensor exhibits 

high selectivity and remarkable 

response towards NH3 with response 

time of 17 s and 41s recovery time, 

which catalyzes the reaction promoting 

the rapid electron transfer between the 

adsorbate and the adsorbent. The 

sensor resistance rejuvenates to its 

initial value after purging the NO2, 

NH3 away which indicates the surface 

of Cr2O3 regains the original 

microstructure after refreshing with 

carrier gas (air). 

In Fig. 7 the relationship between 

sensitivity and time toward the NH3 

gas was shown. 

 

Cr2O3 
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Fig. 6: Response time of the undoped and NiO doped Cr2O3 nanoparticles sensor at 

different working temperatures of NH3. 

 

 
Fig.7: Plots of dynamic response for undoped Cr2O3 and NiO-doped Cr2O3 nanoparticals 

samples of NH3. 

 

Conclusions 

     Pure Cr2O3 and NiO doped Cr2O3 

nanoparticles film sensors were 

synthesized by using sol-gel and screen 

printing routes. XRD studies 

confirmed the formation of NiO doped 

Cr2O3 nanoparticles materials having 

crystallite size of 19-25 nm. The 
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morphological investigations showed 

the sample surface is fully covered by 

the spherical grains with average grain 

size of 30-60 nm. The gas           

sensing results showed that 

NiO0.10:Cr2O3nanoparticals exhibits 

excellent response (94 %) to NH3 at 

100
o
C with fast response (17 s) and 

recovery time (41 s). The enhanced 

response is attributed to the smaller 

crystallite size, which helps in greater 

oxygen adsorption on the film surface. 

From transient response and stability 

study we concluded that NiO0.10: Cr2O3 

nanoparticals can be utilized as a 

reliable sensor element in NH3 sensor 

related applications. 
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