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Abstract: The Ce1-xYxO2-x/2 samples were synthesized with different doping amount by solid state reaction method. Phase 

structures of the samples were analyzed and characterized by XRD. The effects of different doping amount on infrared 

emissivity properties at 3-5μm wavebands were investigated systematically. It is found that the powder with doping molality 

of x=0.2 exhibits the lowest infrared emissivity value ca. 0.21 when the test temperature is 600 °C. The mechanism for the 

low infrared emissivity is explored thoroughly. The reduction of infrared emissivity with increasing temperature is ascribed 

to the enhancement of electrical conductivity. Our results suggest that Ce1-xYxO2-x/2 powder with x=0.2 is a potential 

candidate for stealth material of aircraft engines. 

1. Introduction 

The infrared (IR) radiation of an aircraft is one of the 

most important factors which affect the detection range of an 

IR detection system [1]. In general, IR radiation from a 

specific exhaust system can be attributed to two parts: hot 

plume IR radiation and high temperature engine parts IR 

radiation, such as that of nozzle, and turbine blades [2]. As 

for Aircraft engine, it usually produces strong infrared 

radiation because of its high working temperature, which 

renders the aircraft easily exposed to the enemy [3]. 

Therefore, in order to improve the survivability of military 

targets on the battlefield, it is important to develop the 

materials with low emissivity at high temperature.   

   As well known, CeO2 with fluorite structure exhibits 

high refractive index and dielectric constant [4] and, 

therefore, it is a promising material with low infrared 

emissivity [5]. As reported, the value of infrared emissivity 

reaches 0.3 at 600°C after heat treatment [6]. However, as a 

stealth material, its infrared emissivity of 0.3 is still slightly 

higher, which is far from sufficient for engineering 

applications. The main factor influencing infrared emissivity 

is the conductivity of materials [7, 8], so improving the 

conductivity of the material is beneficial to reducing the 

infrared emissivity of the material. 

   Doping can improve the conductivity of metal oxides [9, 

10]. Therefore, in order to improve the conductivity of CeO2 

samples, doping is the most effective and convenient method. 

The ionic radius of Ce
4+

 is 92 pm [11]. In order to reduce the 

effect of lattice distortion on the conductivity of CeO2 

samples, Y
3+

 ions (90 pm) with similar radii to Ce
4+

 ions are 

the appropriate doping ions [12]. Herein, we proposed the 

Y
3+

 ions doped CeO2 samples via solid state reaction method 

in this work, and the influences of doping molality on 

conductivity and infrared emissivity are discussed in detail.  
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2. Experimental details 

2.1 The preparation of Ce1-xYxO2-x/2 samples 

The doped oxides Ce1-xYxO2-x/2 were prepared by solid 

state reaction method. CeO2 samples and Y2O3 samples were 

mixed before calcination. This mixture was gently ground in 

an agate mortar for homogenization. The obtained samples 

were calcined for 4 h in furnace at 1500 °C with a step of 

100 °C with a constant heating rate of 4 °C/min until reach 

the annealing temperature. After annealed, the samples were 

cooled to room temperature gradually in furnace. Finally, the 

pre-treated Ce1-xYxO2-x/2 samples with different x values 

were obtained. The values of x in Ce1-xYxO2-x/2 were 0.05, 

0.10, 0.20 and 0.30.  

2.2 The resistance test of Ce1-xYxO2-x/2 samples 

2.2.1 The preparation of test samples 

    8% polyvinyl alcohol solution was added into the 

prepared Ce1-xYxO2-x/2 samples. Then the samples was 

pressed into Φ = 10 mm cylindrical semi-finished product, 

as seen in Fig. 1. To reduce the impact of contact resistance 

on test results, a layer of conductive silver pulp was coated 

on the surface of test samples. The test samples were put 

into the muffle furnace at 800 °C for 30 min, making silver 

layer firmly adhere to the sample surface. 

2.2.2The resistance test of samples 

The resistance values of doping samples were 

examined by YX-381TR pointer type digital multimeter. In 

order to ensure good contact between wire and sample at 

high temperature, a set of resistance testing molds were 

designed by me. The structure diagram is shown in Fig.1                     

 

 

 

 

 

     

Fig.1 Resistance test mold and the sample of test 

2.2.3 The calculation of conductivity [13] 

σ =
1

𝑅
∗
𝐿

S
=

4𝐿

𝜋𝑅𝑑2
         (1) 

Where R is the obtained resistance, L is the sample 

thickness, S represents electrode area. According to a 

typical Arrhenius type behavior which is a thermally 

activated process, the electrical conductivity is used to 

perform a plot of the Arrhenius equation.                

σ = 𝜎0𝑒𝑥𝑝 (−
𝐸𝑎

𝑘𝑇
)        (2) 

Where σ0 is the pre-exponential factor, Ea is activation 

energy, k is the Boltzmann constant. 

2.3 The infrared emissivity testing of samples 

The infrared emissivity in the range of 3-5μm in 

different temperature was detected by an infrared 

emissometer (IR-2 double-band emissometer, Shanghai 

Institute of Technical Physics, CAS, China). The testing 

temperature ranges from 25 °C to 600 °C with a heating rate 

of 20 K•min
-1

. 

3. Results and discussion 

3.1. X-ray diffraction study (XRD) 

   Fig. 2a shows the XRD diffraction spectra of samples 

with different doping amounts. Clearly, the diffraction of 

peaks corresponded to (111), (200), (220) and (311) planes 

are observed in all samples, in good agreement with the 

face-centered cubic fluorite structure of CeO2 with space 

group Fm–3m (JCPDS card No. 34-0394) [14, 15]. After the 

introduction of Y
3+

 to CeO2, no characteristic diffraction 

peaks assigned to Y2O3 phase is observed, indicating that 

Y
3+

 could enter into the CeO2 lattice to form Ce1−xYxO2-x/2 

solid solution oxides [16]. 

Fig. 2b is an enlarged figure of the XRD diffraction 

spectra. It can be seen that the main diffraction peak at (111) 

have a little shift to higher angles, and with the increasing 

doping amount, the shift gradually increases.  

The lattice constant (a) of crystalline powder can be 

obtained by removing the systematic errors of both un-doped 

and doped CeO2 through the construction of Nelson-Riley 

(NR) plots [17]. The lattice constant of both un-doped and 

Y-doped CeO2 samples measured in the present experiments 

is in good agreement with the theoretical values reported by 

Vanpoucke et al. [18], shown in Table 1. The substitution of 

Ce
4+

 ions with Y
3+

 ions diminishes the lattice constant from 

5.48 Å to 5.36 Å, and this is due to Y
3+

 ion have smaller 
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ionic radius than that of Ce
4+

 ion [19].  

For Fluorite structure of CeO2, it has the relation for the 

cubic system [20]  

 
𝑛𝜆

2𝑠𝑖𝑛𝜃
=

𝑎

√ℎ2+𝑘2+𝑙2
          (3) 

Where, n = positive integer, λ = wavelength of the incident 

wave, (h k l)  = Miller indices, a = lattice constant. The lattice 

constant (a) is inversely proportional to diffraction angle θ. 

As a result, the decreasing lattice constant a results in an 

increasing diffraction angles θ. 

In a word, the result strongly confirms that the Y
3+

 does 

replace the Ce
4+

 in the CeO2 lattice.  

 

 

 

 

 

 

 

 

 

Fig.2 The XRD diffraction spectra of Ce1-xYxO2-x/2 samples (a) 

20-60° of 2θ (b) 27-30° of 2θ 

Table 1 Lattice constant of samples with different doping amounts 

 

 

 

 

 

3.2 The infrared emissivity and conductivity of 

Ce1-xYxO2-x /2. 

Fig. 3 summarizes the infrared emissivity values of the 

samples in 3-5μm waveband in the different temperature 

ranges. It can be clearly found that the infrared emissivity of 

all samples decreases significantly with the temperature 

rising from 30°C to 600°C. Further, the infrared emissivity 

values reduce gradually from x=0 to x=0.2, while increases 

gradually from x=0.2 to x=0.3.  

   

 

 

 

 

 

 

    

 

  

 

 

Fig. 3The infrared emissivity values of Ce1-xYxO2-x /2 samples 

Simultaneously, the electrical conductivity (Fig. 4) of 

all samples was tested at above temperature range. The 

results show that change tendency of electrical conductivity 

values is contrary to the change tendency of infrared 

emissivity. With the increasing temperature, electrical 

conductivity of all samples increases significantly. 

Additionally, the electrical conductivity values increase 

gradually from x=0 to x=0.2, while decrease from x=0.2 to 

x=0.3.  

   

 

 

 

 

 

 

 

 

Fig. 4 The electrical conductivity of Ce1-xYxO2-x /2 samples 

3.3 The influences of doping amount on the 

conductivity of Ce1-xYxO2-x/2 samples 

    When the Y
3+

 replaced the Ce
4+

 in the CeO2 lattice, 

oxygen vacancy (Vo) defects occurred at once. The defect 

reaction follows the principle of charge conservation. The 

effective negative charge of Y'Ce can be compensated in 

three different ways, which are closely related to the 

intrinsic defect reaction: 

2
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X values Lattice Constant a (Å)  

0 5.48 

0.05 5.46 

0.1 5.43 

0.2 5.41 

0.3 5.36 

 

(a) 
(200) 

(220) (311) 
(111) 

 

(b) 
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As reported, the Vo compensation form is the optimal 

compensation form as for rare earth element cation with 

large radius [21]. With the increasing doping amount, more 

Y3+ replaced the Ce4+, therefore, more Vo were produced, 

which greatly increases the ionic conductivity of the 

materials [22]. However, when the doping molarity reaches 

a certain level, the conductivity begins to deteriorate, which 

is ascribed to the changes in transition types of Vo, as shown 

in Fig. 5 [23]. The corresponding transition energy was 

calculated according to the literature [24] and the results are 

summarized in Table 2. It is pointed that lower transition 

energy of Vo can lead to easier transition of Vo. 
 

  

 

 

 

 

 

 

 

 

 

 

Fig. 5 Transition type of oxygen vacancy 

 Table 2 The transition types and transition energy of oxygen 

vacancy 

 

 

 

 

 

 

 

When CeO2 has lower Y3+ doping amount, Vo is 

mainly located in the 2nd and it results in more easier 

transition of Vo. In this case, more Vo were produced with 

the increasing doping amounts, which contributes to the 

improvement of conductivity of doped samples. When Y2O3 

doping amount reaches a certain value, the Vo located in 2nd 

up to the maximum value, which results in the maximum 

conductivity. Afterwards, Y2O3 doping amount continue to 

increase, more Y3+ occupied Ce4+ ion in lattice position, 

causing the original Vo located in 2nd gradually converting 

into the Vo located in 1st of new Y3+. Obviously, it is difficult 

for Vo to transition because of higher transition energy, 

which leads to the decreasing of conductivity. 
  

3.4 Mechanism for enhanced conductivity of 

Ce1-xYxO2-x/2 samples under elevated temperature  

As shown in Fig. 4, the curves of lgσ -1000/T of all 

doped samples show an increasing linear relationship, which 

indicates that the conductivity of doped samples improves 

gradually with the increasing temperature. As reported, the 

electrical conductivity can be expressed as the following 

equation [25] 

               σ = nqμ        (4)   

Where n is the concentration of the intrinsic charge carriers, 

μ is the mobility of charge carriers. With the temperature 

rising, μ has no obvious change, while the intrinsic 

excitation of CeO2 increases rapidly and the concentration of 

the thermally activated intrinsic charge carriers increases 

rapidly, which results in the sharp increasing of electrical 

conductivity [26].  

4. Conclusions 

The Ce1-xYxO2-x/2 samples are prepared successfully by 

solid state reaction method. The X-ray diffraction study 

confirms that the synthesized Ce1-xYxO2-x/2 samples have 

cube fluorite structure.  The suitable doping of Y
3+

 ions is 

conducive to improving the conductivity of metal oxide 

CeO2, which leads to the reduction of the infrared emissivity 

in CeO2. When the doping amount of Y
3+

 increases from 

0.05 to 0.2, the electrical conductivity of Ce1-xYxO2-x/2 

samples rises gradually. But the conductivity of Ce1-xYxO2-x/2 

samples diminished afterwards with the doping amount 

increasing from 0.2 to 0.3. The conductivity value is the 

lowest at the doping amount of x=0.2, which results in the 

lowest infrared emissivity reaching 0.21. Obviously, the 

Ce1-xYxO2-x/2 powder with x=0.2 has great potential 

applications for adaptive camouflage in infrared waveband.    
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 transition types of Vo transition energy 

of Vo 

(a) 1st     2nd 0.31 

(b) 2nd     1st 0.22 

(c) 1st     1st 0.57 

(d) 2nd     2nd 0.20 

Y3+ Vo
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