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Abstract  
According to the results of the samples studied by the method of X -ray phase and microstructural analyses, the 
phase equilibria in the ternary system ZrO 2ɀHfO2ɀSm2O3were investigated. The formation of new phases i n the 
:Ò2̨ɀHfO2ɀSm2O3 system at 1600 ¯˞  ×ÁÓ ÎÏÔ ÏÂÓÅÒÖÅÄȢ )Ô ÉÓ ÅÓÔÁÂÌÉÓÈÅÄ ÔÈÁÔ ÉÎ ÔÈÅ ÓÔÕÄÉÅÄ ÓÙÓÔÅÍ ÁÔ ρφππ Ј˞ ÆÉÅÌÄÓ 
ÏÆ ÓÏÌÉÄ ÓÏÌÕÔÉÏÎÓ ÏÎ ÔÈÅ ÂÁÓÉÓ ÏÆ ÔÅÔÒÁÇÏÎÁÌ ɉ4Ɋ ÍÏÄÉÆÉÃÁÔÉÏÎ ÏÆ :Ò˛2, monoclinic (M) modifications of HfO 2 and 
ÍÏÎÏÃÌÉÎÉÃ ɉˏɊ ÍÏÄÉÆÉÃÁÔÉons of Sm2O3, and also the ordered phase with structure of the pyrochlore -type (Py) 
Ln2Zr2O7 (Ln 2Hf2O7). The boundaries of the phase fields and the parameters of the unit cells of the formed phases 
are determined. The studied isothermal cross section of th Å :Ò˛2ɀHfO2ɀSm2O3 system is characterized by the 
formation of continuous rows of cubic solid solutions based on a phase with a structure of the pyrochlore -type 
Sm2Zr2O7 (Sm2Hf2O7) and a structure of the fluorite type F -ZrO2 (HfO2). It is established that t wo regions of 
homogeneity of cubic solid solutions (F) are formed in the investigated system. The existence of these regions of 
homogeneity is due to the rupture of the solubility of the F -ZrO2 (HfO2) phase in the region of the existence of an 
ordered phas e with a structure of the pyrochlore -type Sm2Zr2O7 (Sm2Hf2O7). It is established that a solid solution 
based on a cubic modification with a fluorite -type structure exists in equilibrium with all phases observed in the 
system. Isothermal cross -section of th e state diagram of the system ZrO 2ɀHfO2ɀSm2O3 ÁÔ ρφππ Ј# ÉÓ ÃÈÁÒÁÃÔÅÒÉÚÅÄ ÂÙ 
the presence of one three -phase (F + T + M), as well as five two-phase (B + F, two - F + Py, M + F, T + F ) areas. 
Keywords: phase equilibria, phase diagram, solid solution, lattice parameters, functional ceramics 

 

˴˔˛˟˒˝˙˴ˤ˚˕˖ ˜˒˝˒˝˴˔ ˑ ˴ˍː˝ˍ˙˕ ˞˟ˍ˚ˠ ˞˕˞˟˒˙ ̞ZrO2ɀHfO2ɀSm2O3  
˔  ̱1600 C̄ 

˫̨̑̊ ˏȢ ˫̘̑̆̎̋̏ȟ ˛̋̒́̎́ ˍȢ ˗̨̤̏̑̎̎̋̏, ̨ ̌̆̋̒́̎̅̑ ˴Ȣ ˎ̉̋̏̃, ̱ ̨̎́̓̏̌̊ ˏȢ ˞̟́̍̆̌̋ 
˴̎̒̓̉̓̔̓ ̐̑̏̂̌̆̍ ̨̍́̓̆̑́̌̏̈̎́̃̒̓̃́ ̨̍Ȣ ˴Ȣ˙Ȣ ˡ̗̘̑́̎̆̃̉́ ˚ˍ˚ ˠ̩̋̑́̎̉ȟ ̃̔̌Ȣ ˗̝̑̇̉̇́̎̏̃̒̋̏̄̏ χȟ ˗̩̉̃ȟ τχϊότȟ 

ˠ̋ ̩̑́̎́ 
 

ˍ̨̗̠̎̏̓́ 
˔́ ̝̑̆̈̔̌̓́̓́̍̉ ̨̠̅̏̒̌̅̇̆̎̎ ̨̈̑́̈̋̃ ̍̆̓̏̅́̍̉ ̑̆̎̓̄̆̎̏́̈̏̃̏̄̏̕ ̓́ ̨̍̋̑̏̒̓̑̔̋̓̔̑̎̏̄̏ ̨̨́̎́̌̈̃ ̘̃̉̃̆̎̏ 
̨́̈̏̃̕ ̨̑̃̎̏̃́̄̉ ̃ ̨̨̐̏̓̑̊̎̊ ̨̒̉̒̓̆̍ :Ò/2ɀHfO2ɀSm2O3Ȣ ˠ̠̓̃̏̑̆̎̎ ̖̎̏̃̉ ́̈̕ ̔ ̨̒̉̒̓̆̍ :Ò˛2ɀHfO2ɀSm2O3 ̈ ́
1600  ̄ ˞ ̎̆ ̨̠̒̐̏̒̓̆̑̄́̌̏̒Ȣ ˏ̒̓́̎̏̃̌̆̎̏ȟ ̏̚ ̃ ̨̨̅̏̒̌̅̇̆̎̊ ̨̒̉̒̓̆̍ ̈ ́ρφππ Ј˞ ̟̟̝̠̔̓̃̏̑̓̒ ̠̐̏̌ ̖̓̃̆̑̅̉ 
̨̘̑̏̈̉̎̃ ̎́ ̨̏̒̎̏̃ ̝̩̓̆̓̑́̄̏̎́̌̎̏ ɉ˟Ɋ ̨̨̗̩̍̏̅̉̋́̕ :Ò˛2ȟ ̩̍̏̎̏̋̌̉̎̎̏ ɉ˙Ɋ ̨̨̗̍̏̅̉̋́̊̕ HfO2 ̨ ̩̍̏̎̏̋̌̉̎̎̏ 
ɉˏɊ ̨̨̗̍̏̅̉̋́̊̕ 3Í2O3ȟ ́ ̓́̋̏̇ ̠̩̔̐̏̑̅̋̏̃́̎̏ ́̈̉̕ ̨̈ ̟̒̓̑̔̋̓̔̑̏ ̓̉̐̔ ̨̖̐̑̏̌̏̑̔ ɉ˝̔Ɋ ,Î2Zr 2O7 (Ln 2Hf2O7). 
ˏ̘̉̈̎́̆̎̏ ̨̗̄̑́̎̉ ̖́̈̏̃̉̕ ̨̐̏̌̃ ̓́ ̐́̑́̍̆̓̑̉ ̖̆̌̆̍̆̎̓́̑̎̉ ̨̋̏̍̑̏̋ ̖̔̓̃̏̑̆̎̉ ́̈̕Ȣ ˑ̨̏̒̌̅̇̆̎̉̊ 
̨̨̘̈̏̓̆̑̍̎̉̊ ̨̐̆̑̆̑̈ ̒̉̒̓̆̍̉ :Ò˛2ɀHfO2ɀSm2O3 ̖̤̝̠́̑́̋̓̆̑̉̈̔̓̒ ̠̔̓̃̏̑̆̎̎ ̖̎̆̐̆̑̆̑̃̎̉ ̨̠̑̅̃ ̨̘̖̋̔̂̎̉ 
̖̓̃̆̑̅̉ ̨̘̑̏̈̉̎̃ ̎́ ̨̏̒̎̏̃ ́̈̉̕ ̨̈ ̟̒̓̑̔̋̓̔̑̏ ̓̉̐̔ ̨̖̐̑̏̌̏̑̔ Sm2Zr2O7 (Sm2Hf2O7Ɋ ̓́ ̨̈ ̟̒̓̑̔̋̓̔̑̏ ̓̉̐̔ 
̟̌̏̑̉̓̔̕ &-ZrO2 (HfO2ɊȢ ˏ̒̓́̎̏̃̌̆̎̏ȟ ̏̚ ̃ ̨̨̅̏̒̌̅̇̆̎̊ ̨̒̉̒̓̆̍ ̟̤̝̠̔̓̃̏̑̓̒ ̨̅̃ ̨̏̂̌́̒̓ ̨̄̏̍̏̄̆̎̎̏̒̓ 
̨̘̖̋̔̂̎̉ ̖̓̃̆̑̅̉ ̨̘̑̏̈̉̎̃ ̨̈ ̟̒̓̑̔̋̓̔̑̏ ̓̉̐̔ ̟̌̏̑̉̓̔̕Ȣ ˴̠̒̎̔̃́̎̎ ̗̖̉ ̏̂̌́̒̓̆̊ ̨̄̏̍̏̄̆̎̎̏̒̓ ̏̂̔̍̏̃̌̆̎̏ 
̑̏̈̑̉̃̏̍ ̨̘̑̏̈̉̎̎̏̒̓ ́̈̉̕ &-ZrO2 (HfO2Ɋ ̃ ̨̏̂̌́̒̓ ̨̠̒̎̔̃́̎̎ ̠̩̔̐̏̑̅̋̏̃́̎̏ ́̈̉̕ ̨̈ ̟̒̓̑̔̋̓̔̑̏ ̓̉̐̔ 
̨̖̐̑̏̌̏̑̔ 3Í2Zr2O7 (Sm2Hf2O7ɊȢ ˏ̒̓́̎̏̃̌̆̎̏ȟ ̏̚ ̓̃̆̑̅̉̊ ̘̑̏̈̉̎ ̎́ ̨̏̒̎̏̃ ̨̘̩̋̔̂̎̏ ̨̨̗̩̍̏̅̉̋́̕ ̨̈ 
̟̒̓̑̔̋̓̔̑̏ ̓̉̐̔ ̟̌̏̑̉̓̔̕ ̨̤̒̎̔ ̃ ̨̨̑̃̎̏̃́̈ ̈ ̨̔̒̍́ ́̈́̍̉̕ȟ ̏̚ ̨̟̝̠̒̐̏̒̓̆̑̄́̓̒ ̃ ̨̒̉̒̓̆̍Ȣ ˴̨̘̈̏̓̆̑̍̎̉̊ 
̨̐̆̑̆̑̈ ̨̩̅̏̒̌̅̇̆̎̏ ̨̅́̄̑́̍̉ ̒̓́̎̔ ̒̉̒̓̆̍̉ ZrO2ɀHfO2ɀSm2O3 ̈ ́1600  Ј˞ ̖̤̝̠́̑́̋̓̆̑̉̈̔̓̒ ̨̠̟̎́̃̎̒̓ ̨̤̩̏̅̎ 

̩̓̑̉́̈̎̏̕ ɉF+T+MɊȟ ́ ̓́̋̏̇ ̐ȭ̠̓̉ ̖̅̃̏́̈̎̉̕ ɉ"Ϲ&ȟ ̨̅̃ ɀ F+Py, M+F, T+FɊ ̏̂̌́̒̓̆̊. 
˗̨̟̘̌̏̃ ̒̌̏̃́ȡ ̨́̈̏̃̕ ̨̑̃̎̏̃́̄̉ȟ ̨̅́̄̑́̍́ ̒̓́̎̔ȟ ̨̓̃̆̑̅ ̘̑̏̈̉̎̉ȟ ̨̐̆̑̏̅̉ ̋̑̉̒̓ ̨̘̖́̌̎̉ ̢̑́̓̏̋ȟ 
̨̗̝̔̎̋̏̎́̌̎́̕ ̨̋̆̑́̍̋́Ȣ 
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ˏ̒̓̔̐ 
˝̏̈̃̉̓̏̋ ̨̖̓̆̎̋̉ ̓́ ̨̐̑̏̍̉̒̌̏̃̏̒̓ 

̤̐̏̓̑̆̂̔ ̠̒̓̃̏̑̆̎̎ ̖̎̏̃̉ ̨̘̖̋̆̑́̍̎̉ 
̨̨̍́̓̆̑́̌̃ ̈ ̐̏̋̑́̆̎̉̍̉̚ ̠̃̌́̒̓̉̃̏̒̓̍̉Ȣ 
˗̨̨̘̆̑́̍̎ ̨̍́̓̆̑́̌̉ ̎́ ̨̏̒̎̏̃ ̨̨̅̏̋̒̉̅̃ 
̨̗̟̉̑̋̏̎ ̓́ ̨̟̄́̎̕ ̖̌̆̄̏̃́̎̉ ̏̋̒̉̅́̍̉ 
̨̨̝̖̑̅̋̒̎̏̈̆̍̆̌̎̉ ̨̆̌̆̍̆̎̓̃ ɉ˝˔˒Ɋ ̤ 
̐̆̑̒̐̆̋̓̉̃̎̉̍̉ ̠̅̌ ̠̒̓̃̏̑̆̎̎ ̖̎̏̃̉ 
̨̨̍́̓̆̑́̌̃ ̨̗̝̔̎̋̏̎́̌̎̏̄̏̕ ̓́ 
̨̗̋̏̎̒̓̑̔̋̊̎̏̄̏ ̘̠̐̑̉̈̎́̆̎̎ [1ɀ20]. 
ˤ́̒̓̋̏̃̏ ́̂̏ ̨̟̐̏̃̎̒̓ ̨̨̒̓́̂̌̈̏̃́̎̉̊ 
̨̗̉̑̋̏̎̊ ɉIVɊ ̏̋̒̉̅ ̠̈́̃̅̋̉ ̨̝̔̎̋́̌̎̏̍̔ 
̤̟̐̏̅̎́̎̎ ̨̘̖̈̉̎̉̕ ̓́ ̨̖̘̖̍̆́̎̎̉ 
̖́̑́̋̓̆̑̉̒̓̉̋ ̤̝̠̃̉̋̏̑̉̒̓̏̃̔̓̒ ̠̋ 
̨̗̝̔̎̋̏̎́̌̎́̕ ̓́ ̨̗̋̏̎̒̓̑̔̋̊̎́ ̨̋̆̑́̍̋́ [7ɀ
20]Ȣ ː̨́̎̕ ̊ (IVɊ ̏̋̒̉̅ ̤ ̨̘̋̑̉̒̓́̌̏̄̑́̎̉̍̕ 
́̎́̌̏̄̏̍ ̨̗̉̑̋̏̎̊ ɉIVɊ ̏̋̒̉̅ȟ̔ ́ ̓́̋̏̇ ̃̏̎̉ 
̖̟̝̠́̑́̋̓̆̑̉̈̔̓̒ ̏̅̎́̋̏̃̉̍ ̉ ̨̏̎̎̉̍ ̉
̨̑́̅̔̒́̍̉ (0.82 BɊȢ ˣ̆ ̤̅́ ̨̝̍̏̇̌̉̃̒̓ 
̠̑̏̈̄̌̅́̓̉ (Æ/2 ̃ ̨̠̋̏̒̓ ̟̘̩̌̆̄̔̏ ̨̙̅̏̍̋̉ 
ZrO2Ȣ ˛̨̒̓́̎̎̍ ̘́̒̏̍ ̨̝̙̤̝̠̈̂̌̔̓̒ 
̨̨̖̝̎̆̏̂̅̎̒̓ ̑̏̈̑̏̂̋̉ ̖̎̏̃̉ ̨̘̖̋̆̑́̍̎̉ 
̨̨̍́̓̆̑́̌̃ȟ ̖̈̅́̓̎̉ ̗̟̐̑́̃́̓̉ ̃ 
̝̖̆̋̒̓̑̆̍́̌̎̉ ̖̔̍̏̃́Ȣ ˙̨́̓̆̑́̌̉ ̎́ ̨̏̒̎̏̃ 
̨̗̉̑̋̏̎́̓̃ ɉ,Î2Zr2O7Ɋ ̓́ ̨̄́̎́̓̃̕ ɉ,Î2Hf2O7) 
̨̩̌́̎̓́̎̏̅̃ ̖̟̝̠́̑́̋̓̆̑̉̈̔̓̒ ̃̉̒̏̋̉̍̉ 
̓̆̍̐̆̑́̓̔̑́̍̉ ̠̐̌́̃̌̆̎̎ ̓́ ̨̨̟̃̅̒̔̓̎̒̓ 
̖́̈̏̃̉̕ ̝̐̆̑̆̓̃̏̑̆̎ ̃ ̙̉̑̏̋̏̍̔ 
̨̗̗̋̏̎̆̎̓̑́̊̎̏̍̔ ̓́ ̓̆̍̐̆̑́̓̔̑̎̏̍̔ 
̨̨̎̓̆̑̃́̌ ɍρσ; 16ɀ17]Ȣ ˏ̏̎̉ ̟̝̠̃̃́̇́̓̒ 
̐̆̑̒̐̆̋̓̉̃̎̉̍̉ ̠̅̌ ̑̏̈̑̏̂̋̉ ̨̨̍́̓̆̑́̌̃ ̠̅̌ 
̖̖̓̆̐̌̏̈́̉̒̎̉ ̨̐̏̋̑̉̓̓̃ ɍρ; 4ɀυɎȟ ̖̓̃̆̑̅̉ 
̨̨̆̌̆̋̓̑̏̌̓̃ ɍσɎȟ ́ ̓́̋̏̇ ̠̋ ̨̍́̓̆̑́̌̉ ̠̅̌ 
̨̨̨̨̗̩̍̍̏̂̌̈́ ̨̖̑́̅̏́̋̓̉̃̎̉ ̨̨̖̃̅̏̅̃ ɍφɎȢ  
ˑ̨́̄̑́̍́ ̒̓́̎̔ ̒̉̒̓̆̍̉ :Ò/2ɀHfO2ɀSm2O3 ̤ 

̨̈̉̋̏̕-̨̨̖̘̟̍̎̏ ̟̏̒̎̏̃̏ ̠̅̌ ̠̒̓̃̏̑̆̎̎ 
̖̎̏̃̉ ̨̨̍́̓̆̑́̌̃ ̨̗̝̔̎̋̏̎́̌̎̏̄̏̕ ̓́ 
̨̗̋̏̎̒̓̑̔̋̊̎̏̄̏ ̘̠̐̑̉̈̎́̆̎̎Ȣ ˑ̨́̎ ̐̑̏ 
̨̘̓̆̑̍̏̅̉̎́̍̎̔ ̨̨̝̝̒̓́̂̌̎̒̓ ̖̓̃̆̑̅̉ 
̨̘̑̏̈̉̎̃ ̎́ ̨̏̒̎̏̃ ̨̨̅̏̋̒̉̅̃ ̨̗̟̉̑̋̏̎ȟ 
̨̟̄́̎̕ ̓́ ̨̟̒́̍́̑ ̔ ̨̨̌̓̆̑́̓̔̑ ̨̨̃̅̒̔̓̎ȟ ̏̚ 
̟̤̏̂̔̍̏̃̌ ̨̨̖̝̎̆̏̂̅̎̒̓ ̨̠̅̏̒̌̅̇̆̎̎ ̖́̈̏̃̉̕ 
̨̑̃̎̏̃́̄ ̔ ̨̨̐̏̓̑̊̎̊ ̨̒̉̒̓̆̍ :Ò/2ɀHfO2ɀSm2O3.  
ˡ̨́̈̏̃ ̨̑̃̎̏̃́̄̉ ̃ ̨̒̉̒̓̆̍ ZrO2ɀHfO2 

̨̅̏̒̌̅̇̆̎̏ ̃ ̖̑́̂̏̓́ ɍςρɀ24]. ˏ̋́̈́̎́ ̒̉̒̓̆̍́ 
̨̝̠̃̅̎̏̒̉̓̒ ̅̏ ̘̉̒̌́ ̒̉̒̓̆̍ ̈ ̟̎̆̏̂̍̆̇̆̎̏ 
̨̘̟̑̏̈̉̎̎̒̓ ̨̋̏̍̐̏̎̆̎̓̃ ̃ ̓̃̆̑̅̏̍̔ ̓́ 
̨̑̅̋̏̍̔ ̨̒̓́̎Ȣ ˑ̠̌ ̒̉̒̓̆̍̉ :Ò/2ɀHfO2 
̖́̑́̋̓̆̑̎̏ ̠̔̓̃̏̑̆̎̎ ̖̓̃̆̑̅̉ ̨̘̑̏̈̉̎̃ ̎́ 
̨̏̒̎̏̃ ̨̩̍̏̎̏̋̌̎̎̏ ɉ˙Ɋȟ ̝̩̓̆̓̑́̄̏̎́̌̎̏ ɉ˟Ɋ ̓́ 
̨̘̩̋̔̂̎̏ (FɊ ̨̘̖̋̑̉̒̓́̌̎̉ ̨̨̗̍̏̅̉̋́̊̕ 
̨̖̖̃̉̅̎̉ ̨̋̏̍̐̏̎̆̎̓̃Ȣ ˏ̒̓́̎̏̃̌̆̎̏ȟ ̏̚ ̃ 
̨̒̉̒̓̆̍ :Ò/2ɀHfO2 ̨̤̝̠̃̅̂̔̃́̓̒ ̨̠̐̅̃̉̆̎̎̚ 
̓̆̍̐̆̑́̓̔̑̉ ̖́̈̏̃̉̕ ̝̐̆̑̆̓̃̏̑̆̎ ˙ ­ ˟ ̓́ T 
­ F ̈ ̨ ̨̝̙̠̈̂̌̆̎̎̍ ̨̗̗̩̋̏̎̆̎̓̑́ HfO2. 

ˑ̨́̄̑́̍ ̉̒̓́̎̔ ̒̉̒̓̆̍ ZrO2ɀSm2 3̨ ̓́ (Æ/2ɀ
Sm2 3̨ ̖̟̝̠́̑́̋̓̆̑̉̈̔̓̒ ̘̟̄̑́̎̉̎̏ 
̨̘̟̑̏̈̉̎̎̒̓ ̨̋̏̍̐̏̎̆̎̓̃ ̃ ̓̃̆̑̅̏̍̔ ̨̒̓́̎ 
[25ɀ39]. ˔̨̘́̈̎́̆̎ ̒̉̒̓̆̍̉ ̟̝̍́̓ ̨̐̏̅̂̎̔ 
̂̔̅̏̃̔ȟ ̖̘̏́ ̨ ̖̟̝̠́̑́̋̓̆̑̉̈̔̓̒ ̠̅̆̋̉̍̉ 
̨̨̠̃̅̍̎̎̏̒̓̍̉ ̐̏̃ȭ̠̈́̎̉̍̉ ̈ ̟̓̆̍̐̆̑́̓̔̑̏ 
̖́̈̏̃̉̕ ̝̐̆̑̆̓̃̏̑̆̎Ȣ ˠ ̖̃̋́̈́̎̉ ̖̒̉̒̓̆̍́ 
̟̟̝̠̔̓̃̏̑̓̒ ̨̓̃̆̑̅ ̘̑̏̈̉̎̉ ̎́ ̨̏̒̎̏̃ ̨̖̑̈̎̉ 
̨̖̐̏̌̍̏̑̎̉̕ ̨̨̗̍̏̅̉̋́̊̕ ̨̖̖̃̉̅̎̉ ̨̏̋̒̉̅̃ȟ ́ 
̓́̋̏̇ ̠̩̔̐̏̑̅̋̏̃́̎̏ ́̈̉̕ ̨̈ ̟̒̓̑̔̋̓̔̑̏ ̓̉̐̔ 
̨̖̐̑̏̌̏̑̔ 3Í2Zr2O7 (Sm2Hf2O7ɊȢ ˣ̉̑̋̏̎́̓ 
̨̟̒́̍́̑ ̨̤̒̎̔ ̈ ́̓̆̍̐̆̑́̓̔̑ ͯ ςπςυ Ј˞ [25], 
1920 Ј˞ [32]ȟ ̏̅̎́̋ ̨̨̃̅̐̏̃̅̎̏ ̅̏ [31] ̗̠ 
̓̆̍̐̆̑́̓̔̑́ ̎́̂́̄́̓̏ ̃̉̆̚ ͯ ςτππ Ј˞ [34]Ȣ ˠ 
̓̏̊ ̒́̍̉̊ ̘́̒ ̄́̎́̓̕ ̨̟̒́̍́̑ ̝̠̐̌́̃̉̓̒ 
̨̎̋̏̎̄̑̔̆̎̓̎̏ ̈ ̨̝̙́̂̌ ̃̉̒̏̋̏ ̩̓̆̍̐̆̑́̓̔̑ ̉
2550 ϻ 25 Ј˞Ȣ ˘̨̨̋̃̅̔̒ ̒̉̒̓̆̍ ɉ:Ò/2ɀSm2 3̨ ̓́ 
HfO2ɀSm2 3̨) ̖̤̝̠́̑́̋̓̆̑̉̈̔̓̒ ̨̠̟̎́̃̎̒̓ 
̨̤̩̏̅̎ ̘̩̆̃̓̆̋̓̉̎̏ ̘̓̏̋̉ ,ᵮ & Ϲ 8 ɉςρωπ Ј#ȟ 
75 ̍ ̏̌Ȣ % Sm2O3 ̠̅̌ ̒̉̒̓̆̍̉ ZrO2ɀSm2 3̨ [34] 
̓́ ςςτπ Ј#ȟ χφ ̍ ̏̌Ȣ % Sm2O3 ̠̅̌ ̒̉̒̓̆̍̉ HfO2ɀ
Sm2 3̨ [39]ɊȢ ˟̑̉ ̨̨̙̎ ̨̗̩̑̆́̋ȟ 8 ᵮ & Ϲ ( ̓́ ˚ ᵮ F 
Ϲ ˍȟ ! ᵮ & Ϲ " ̂̔̌̉ ̨̃̒̓́̎̏̃̌̆̎ ̈ ́ςρππ ̨ ρψψπ, 
ρωππ Ј˞ȟ ̓́ ̐̑̉ ςςππ ̨ ςπτπȟ ρωςυ Ј˞ ȟ ̠̅̌ 
̒̉̒̓̆̍ ̎́ ̨̏̒̎̏̃ ̨̨̅̏̋̒̉̅̃ ̨̗̟̉̑̋̏̎ ̓́ 
̨̟̄́̎̕ȟ ̨̨̃̅̐̏̃̅̎̏ [34; 39]Ȣ ˏ̒̓́̎̏̃̌̆̎̏ȟ ̏̚ 
̓̃̆̑̅̉̊ ̘̑̏̈̉̎ ̨̈ ̟̒̓̑̔̋̓̔̑̏ ̓̉̐̔ ̟̌̏̑̉̓̔̕ 
̤̈́̈̎́ ̑̏̈̑̉̃̔ ̃ ̓̆̍̐̆̑́̓̔̑̎̏̍̔ ̨ 
̨̗̗̋̏̎̆̎̓̑́̊̎̏̍̔ ̨̨̎̓̆̑̃́̌ ̨̠̒̎̔̃́̎̎ 
̒̐̏̌̔̋̉ 3Í2Zr2O7 (Sm2Hf2O7). ː̨̗̑́̎̉ ̨̏̂̌́̒̓ 
̨̄̏̍̏̄̆̎̎̏̒̓ F-́̈̉̕ ̟̝̒̋̌́̅́̓ τπɀυυ ̨ χςɀ
80 ̍ ̏̌Ȣ Ϸ Sm2O3 (1820 ¯˞ Ɋȟ συɀυρ ̨ χσɀ79 
̍̏̌Ȣ % ZrO2 (1500 ̏ ˞Ɋ ̓́ χτɀ78 ̍ ̏̌Ȣ % ZrO2 
(1100 ̏ )˞ [34] ̓́ ωφɀ77  ̨47,5-39 ̍̏̌. % HfO2 
(2100 ̏ )˞ [39]. 
ˏ̨̨̅̏̍̏̒̓ ̐̏ ̨́̈̏̃̕ ̨̑̃̎̏̃́̄̉ ̃ ̨̨̐̏̓̑̊̎̊ 

̨̒̉̒̓̆̍ (Æ/2-ZrO2-Sm2O3 ̨̏̂̍̆̇̆̎ ̓́ 
̟̝̐̏̓̑̆̂̔̓ ̖̅̏̅́̓̋̏̃̉ ̨̝̅̏̒̌̅̇̆̎Ȣ  ɣ̨̅́̎̊ 
̨̑̏̂̏̓ ̙̃̐̆̑̆ ̨̅̏̒̌̅̇̆̎̏ ̨̤̟̃̈́̍̏̅ ̨̏̋̒̉̅̃ 
̨̗̟̉̑̋̏̎ȟ ̨̟̄́̎̕ ̓́ ̨̟̒́̍́̑ ̈ ́ 1600 Ј˞ ̔ 
̝̃̒̏̍̔ ̨̨̎̓̆̑̃́̌ ̨̗̗̋̏̎̆̎̓̑́̊ ̓́ ̐̏̂̔̅̏̃́̎̏ 
̨̨̃̅̐̏̃̅̎̉̊ ̨̨̘̈̏̓̆̑̍̎̉̊ ̨̐̆̑̆̑̈Ȣ 

˝̝̆̈̔̌̓́̓̉ ̓́ ̩̖ ̠̏̂̄̏̃̏̑̆̎̎ 
ˍ̨̈̏̓̎̏̋̉̒̌ ̨̒̏̌ ̨̗̟̉̑̋̏̎ ̓́ ̨̟̄́̎̕ 

ZrO(NO3)2ɇς(2O (HfO(NO3)2ɇς(2/Ɋȟ ̓́ ̏̋̒̉̅ 
Sm2O3 ̍́̑̋̉ ˞̍-̨  ˒ ̈ ̨̃̍̒̓̏̍ ̏̒̎̏̃̎̏̄̏ 
̋̏̍̐̏̎̆̎̓̔ ωω.ωω Ϸ ̃̉̋̏̑̉̒̓̏̃̔̃́̌̉ ̠̋ 
̨̨̖̃̉̅̎ ̘̑̆̏̃̉̎̉Ȣ Sm2O3 ̝̐̏̐̆̑̆̅̎̏ 
̙̐̑̏̒̔̔̃́̌̉ ̃ ̌́̂̏̑́̓̏̑̎̏̍̔ ̨̍̔̆̌̕ ɉSNOL 
15/1100 LHM01) ̈ ́σππ Ј˞ ɉς ̄̏̅ɊȢ ˜̠̑̆̒̔̃́̎̎ 
̖̏̓̑̉̍́̎̉ ̙̖̉̓ ̃ ̓́̂̌̆̓̋̉ ̐̑̏̃̏̅̉̌̉ ̃ 
̨̒̓́̌̆̃̊ ̐̑̆̒-̨̏̑̍̕ ̨̐̅ ̓̉̒̋̏̍ 10ɀσπ ˙˜́Ȣ 
˟̆̑̍̏̏̂̑̏̂̋̔ ̝̖̆̋̒̐̆̑̉̍̆̎̓́̌̎̉ ̨̈̑́̈̋̃ 
̐̑̏̃̏̅̉̌̉ ̃ σ ̨̩̒̓́̅ȡ ̟̠̐̑̏̇́̑̃́̎̎ ̃ ̨̘̐̆ 
̨̝̍̔̆̌̎̊̕ ɉSNOL 10/1300 LHM01Ɋ ̈ 
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̨̘̎́̄̑̃́́̍̉ (ςσ5υ4 ɉ̖̝̆̑́̌̕Ɋ ̈́ ρρππ ¯˞  
ɉςπππ ̄̏̅ȢɊȟ ̏̚ ̅̏̈ ̠̤̃̏̌ ̠̐̏̈̂̔̓̉̒ ̨̙̈́̌̉̋̃ 
̨̨̎̓̑́̓̃ȟ ̓́ ̝̙̟̐̏̅́̌̏ ̟̓̆̑̍̏̏̂̑̏̂̋̏ ̔ 
̨̃̉̒̏̋̏̓̆̍̐̆̑́̓̔̑̎̊ ̨̘̐̆ ɉMicropyretics 
Heaters International M18-40) ̈ ̨̘̎́̄̑̃́́̍̉ ̈ 
MoSi2 ̈́ ρυππ ¯˞  ɉψπ ̄̏̅Ɋ ̓́ ̈ ́1600 ¯˞  ɉρπ ̄̏̅Ɋ 
̔ ̨̒̆̑̆̅̏̃̉̚ ̨̠̐̏̃̓̑ȟ ̃ ̨̝̑̆̈̔̌̓́̓ ̠̋̏̄̏ 
̨̤̝̠̃̅̂̔̃́̓̒ ̨̅̉̔̈̊̎̏̕ ̝̋̏̎̓̑̏̌̏̃́̎̆ 
̨̃̉̑̃̎ ̟̠̃́̎̎ ̒̋̌́̅̔ ̨̨̃̅̐̏̃̅̎̏ ̈ ̨̟̅́̄̑́̍̏ 
̒̓́̎̔ ̒̉̒̓̆̍̉Ȣ  
ˏ̘̠̉̈̎́̆̎̎ ́̈̏̃̏̄̏̕ ̒̋̌́̅̔ ̨̈̑́̈̋̃ȟ ̨̠̐̒̌ 

̩̖ ̓̆̑̍̏̏̂̑̏̂̋̉ ̈́ 1600 ¯˞  ̐ ̑̏̃̏̅̉̌̉ 
̍̆̓̏̅̏̍ ̙̩̐̏̑̏̋̏̃̏ ̨̩̑̆̎̓̄̆̎̏̄̑́̕ 
ɉ̑̆̎̓̄̆̎̏́̈̏̃̏̄̏̕ ̨́̎́̌̈̔Ɋ ̎́ ̐ ̩̑̉̒̓̑̏ 
ˑ˝˛˚-σ ̈ ̨̟̠̃̉̐̑̏̍̎̃́̎̎̍ ̨̍̅̎̏̄̏ ́̎̏̅̔ 
ɉ#Õ˗a). ˥́̄ ̠̒̋́̎̔̃́̎̎ ̒̓́̎̏̃̉̃ πȢ05ɀ
0.1 ̄̑́̅ȟ ̨̗̠̆̋̒̐̏̈̉ ɀ 4 ̒ȟ ̨̅́̐́̈̏̎ ̨̋̔̓̃ 
̠̒̋́̎̔̃́̎̎ ςq ɀ ̨̃̅ ρπ ̅̏ ρππȢ̄ ˔̊̏̍̋̔ 
̨̈̑́̈̋̃ ̐̑̏̃̏̅̉̌̉ ̈́ ̩̒̓́̎̅́̑̓̎̏ 
̓̆̍̐̆̑́̓̔̑̉Ȣ ˑ̠̌ ̘̠̃̉̈̎́̆̎̎ ́̈̏̃̏̄̏̕ 
̒̋̌́̅̔ ̂̔̌̏ ̃̉̋̏̑̉̒̓́̎̏ ̂́̈̔ ̖̅́̎̉ 
˙̨̇̎́̑̏̅̎̏̄̏ ̨̋̏̍̓̆̓̔ ̙̖̐̏̑̏̋̏̃̉ 
̨̒̓́̎̅́̑̓̃ ɉJSPDS International Center for 
Diffraction Data 1999ɊȢ ˝̖̏̈̑́̔̎̏̋ ̨̐́̑́̍̆̓̑̃ 
̖̆̌̆̍̆̎̓́̑̎̉ ̨̋̏̍̑̏̋ ̖̔̓̃̏̑̆̎̉ ́̈̕ 
̐̑̏̃̏̅̉̌̉ ̈́ ̍̆̓̏̅̏̍ ̙̖̎́̊̍̆̎̉ ̨̋̃́̅̑́̓̃ ̈ 
̠̃̉̋̏̑̉̒̓́̎̎ ̐̑̏̄̑́̍̉ LATTIC. 

ˑ̠̌ ̨̖̍̋̑̏̒̓̑̔̋̓̔̑̎̉ ̨̝̅̏̒̌̅̇̆̎ ̈̑́̈̋̉ 
̨̐̏̌̑̔̃́̌̉ ̎́ ̙̝̌̉̏̃́̌̎̏̕-̨̝̐̏̌̑̔̃́̌̎̏̍̔ 
̒̓́̎̋̔ ɉBuehler EcoMet 250 Pro)Ȣ ˑ̨̠̏̒̌̅̇̆̎̎ 
̨̍̋̑̏̒̓̑̔̋̓̔̑̉ ̨̈̑́̈̋̃ ̐̑̏̃̏̅̉̌̉ ̎́ ̨̙̖̌́̕ 
̨̖̃̅̐́̌̆̎̉ ̨̈̑́̈̋̃ ̨̠̐̒̌ ̨̘̓̆̑̍̎̏̄̏ 
̠̓̑́̃̌̆̎̎ ̈ ̎́̒̓̔̐̎̉̍ ̠̎́̐̉̌̆̎̎̍ ̙́̑̔ 
̈̏̌̏̓́ȟ ̈́ ̟̅̏̐̏̍̏̄̏ ̟̘̒̋́̎̔̏̄̏ 
̆̌̆̋̓̑̏̎̎̏̄̏ ̨̍̋̑̏̒̋̏̐̔ 350%202/"%-733 
ɉȰJEOL, Japan, Palo Alto, CAɊ ̔ ̈̃̏̑̏̓̎̏-
̨̖̃̅̂̉̓̉ ̖̆̌̆̋̓̑̏̎́ ɉ"3%ɊȢ  
˴̨̘̈̏̓̆̑̍̎̉̊ ̨̐̆̑̆̑̈ ̨̩̐̏̓̑̊̎̏ ̨̅́̄̑́̍̉ 

̒̓́̎̔ ̒̉̒̓̆̍̉ :Ò˛2ɀHfO2ɀSm2O3 ̈ ́ 1600 ̄ ˞ 
̐̑̆̅̒̓́̃̌̆̎̏ ̎́ ̑̉̒ȢρȢ ˢ̨̨̘̍̎̉̊ ̓́ ́̈̏̃̉̊̕ 
̒̋̌́̅̉ ̨̖̅̏̒̌̅̇̆̎̉ ̨̈̑́̈̋̃ȟ ́ ̓́̋̏̇ 
̐́̑́̍̆̓̑̉ ̖̆̌̆̍̆̎̓́̑̎̉ ̨̋̏̍̑̏̋ ̖̔̓̃̏̑̆̎̉ 
́̈̕ ̎́̃̆̅̆̎̏ ̃ ̨̗̓́̂̌̉Ȣ ˜̑̉ ̨̨̅̏̒̌̅̇̆̎ 
̖́̈̏̃̉̕ ̨̑̃̎̏̃́̄ ̨̩̅̏̒̌̅̇̆̎̏ ̨̩̐̏̓̑̊̎̏ 
̒̉̒̓̆̍̉ ̠̔̓̃̏̑̆̎̎ ̖̎̏̃̉ ́̈̕ ̎̆ 
̨̠̒̐̏̒̓̆̑̄́̌̏̒Ȣ 
˔́ ̟̅̏̐̏̍̏̄̏ ̨̗̗̖̋̏̎̆̎̓̑́̊̎̉ 

̈́̌̆̇̎̏̒̓̆̊ ̨̐́̑́̍̆̓̑̃ ̖̆̌̆̍̆̎̓́̑̎̉ 
̨̋̏̍̑̏̋ ̖̔̓̃̏̑̆̎̉ ́̈̕ ɉ̑̉̒Ȣ ςɀτɊ ̘̃̉̈̎́́̌̉ 
̠̐̏̌̏̇̆̎̎ ̍̆̇ ̖́̈̏̃̉̕ ̨̐̏̌̃Ȣ ˝̝̆̈̔̌̓́̓̉ 
̨̖̍̋̑̏̒̓̑̔̋̓̔̑̎̉ ̨̝̅̏̒̌̅̇̆̎ ̐̑̆̅̒̓́̃̌̆̎̏ 
̎́ ̑̉̒Ȣ υȢ ˛̨̓̑̉̍́̎ ̝̑̆̈̔̌̓́̓̉ 
̨̖̍̋̑̏̒̓̑̔̋̓̔̑̎̉ ̨̝̅̏̒̌̅̇̆̎ ̟̝̠̔̈̄̏̅̇̔̓̒ ̈ 
̅́̎̉̍̉ ̑̆̎̄̆̎̏́̈̏̃̏̄̏̕ ̨́̎́̌̈̔Ȣ 

 

 
 

˝̉̒Ȣ ρȢ ˴̨̘̈̏̓̆̑̍̎̉̊ ̨̐̆̑̆̑̈ ̨̩̐̏̓̑̊̎̏ ̨̅́̄̑́̍̉ ̒̓́̎̔ ̒̉̒̓̆̍̉ ZrO2ɀHfO3ɀSm2O3 ̈ ́ ρφππ ̄ ˞ ɉӆ ɀ ̏ ̨̅̎̏́̈̎̕ȟ  ɀ 

̨̅̃̏́̈̎̕ȟ ¶ ɀ ̓ ̨̑̉́̈̎̕ ̈̑́̈̋̉Ɋ.  

Fig. 1. Isothermal section at 1600 ЈC for the ZrO2ɀHfO3ɀSm2O3 ÓÙÓÔÅÍ ɉӆ ɀ single -phase samples,  ɀ two -phase 

samples, ¶ ɀ three -phase samples 
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˝̉̒Ȣ 2. ̠ ̨̗̗̏̎̆̎̓̑́̊̎́ ̨̝̈́̌̆̇̎̒̓ ̐́̑́̍̆̓̑ ́́  ̆̌ ̖̆̍̆̎̓́̑̎̉ ̨̋̏̍̑̏̋ ̖̓̃̆̑̅̉ ̨̘̑̏̈̉̎̃ ̨̈ ̟̒̓̑̔̋̓̔̑̏ ̓̉̐̔ 
̨̖̐̑̏̌̏̑̔ ɉ˝̔Ɋ ̔ ̨̨̐̆̑̆̑̈ ZrO2ɀɉυπ ̍̏̌Ȣ Ϸ HfO2ɀυπ ̍̏̌Ȣ Ϸ 3Í2O3Ɋ ̒̉̒̓̆̍̉ ZrO2ɀHfO2ɀSm2O3 ̐ ̨̠̒̌ 

̓̆̑̍̏̏̂̑̏̂̋̉ ̨̈̑́̈̋̃ ̈́ ρφππ C̄ 
 

Fig. 2. Concentration dependences of lattice parameters for solid solutions based on pylochore -type ( Py)  along the 
Zr 2̨ɀ(50 mol % HfO2ɀ50 mol % Sm2O3) section in the system ZrO2ɀHfO2ɀSm2O3 heat treated at 1600 C̄ 

 
 

 

 
 

˝̉̒Ȣ σȢ ˗̨̗̗̏̎̆̎̓̑́̊̎́ ̨̝̈́̌̆̇̎̒̓ ̐́̑́̍̆̓̑́ ́ ̆̌ ̖̆̍̆̎̓́̑̎̉ ̨̋̏̍̑̏̋ ̖̓̃̆̑̅̉ ̨̘̑̏̈̉̎̃ ̨̈ ̟̒̓̑̔̋̓̔̑̏ ̓̉̐̔ 
̟̌̏̑̉̓̔̕ ɉFɊ ̔ ̨̨̐̆̑̆̑̈ ZrO2ɀɉυπ ̍̏̌Ȣ Ϸ HfO2ɀυπ ̍̏̌Ȣ Ϸ 3Í2O3Ɋ ̒̉̒̓̆̍̉ ZrO2ɀHfO2ɀSm2O3 ̐ ̨̠̒̌ ̓̆̑̍̏̏̂̑̏̂̋̉ 

̨̈̑́̈̋̃ ̈́ ρφππ C̄ 
 

Fig. 3. Concentration dependences of lattice parameters for solid solutions based  on fluorite -type ( F) along the 
Zr 2̨ɀ(50 mol % HfO2ɀ50 mol % Sm2O3) section in the system ZrO2ɀHfO2ɀSm2O3 heat treated at 1600 C̄ 
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˝̉̒Ȣ 4Ȣ ˗̨̗̗̏̎̆̎̓̑́̊̎́ ̨̝̈́̌̆̇̎̒̓ ̐́̑́̍̆̓̑́ ́ ̆̌ ̖̆̍̆̎̓́̑̎̉ ̨̋̏̍̑̏̋ ̖̓̃̆̑̅̉ ̨̘̑̏̈̉̎̃ ̨̈ ̟̒̓̑̔̋̓̔̑̏ ̓̉̐̔ 
̟̌̏̑̉̓̔̕ ɉFɊ ̔ ̨̨̐̆̑̆̑̈ 3Í2O3ɀɉυπ ̍̏̌Ȣ Ϸ HfO2ɀυπ ̍̏̌Ȣ Ϸ ZrO2Ɋ ̒̉̒̓̆̍̉ ZrO2ɀHfO2ɀSm2O3 ̐ ̨̠̒̌ ̓̆̑̍̏̏̂̑̏̂̋̉ 

̨̈̑́̈̋̃ ̈́ ρφππ C̄ 
Fig. 4. Concentration dependences of lattice parameters for solid solutions based on fluorite -type ( F)  along the 
Sm2O3ɀ(50 mol % HfO2ɀ50 mol %  Zr 2̨) section in the system ZrO2ɀHfO2ɀSm2O3 heat treated at 1600 C̄ 

 

ˬ̋ ̨̃̅̏̍̏ȟ ̨̗̉̑̋̏̎̊ ɉIVɊ ̏̋̒̉̅ ̓́ ̨̄́̎̕ ̊
(IVɊ ̏̋̒̉̅ ɀ ̨̨̘̋̑̉̒̓́̌̏̄̑́̎̕ ́̎́̌̏̄̉ [40]. 
˟̏̍̔ ̃ ̨̨̅̏̒̌̅̇̆̎̊ ̨̒̉̒̓̆̍ ̨̤̝̠̒̐̏̒̓̆̑̄́̓̒ 
̠̔̓̃̏̑̆̎̎ ̖̎̆̐̆̑̆̑̃̎̉ ̨̠̑̅̃ ̖̓̃̆̑̅̉ 
̨̘̑̏̈̉̎̃ ̎́ ̨̏̒̎̏̃ ̨̘̩̋̔̂̎̏ ̨̨̗̩̍̏̅̉̋́̕ ̓̉̐̔ 
̟̌̏̑̉̓̔̕ &-ZrO2 (HfO2Ɋ ̓́ ̠̩̔̐̏̑̅̋̏̃́̎̏ 
́̈̉̕ ̓̉̐̔ ̨̖̐̑̏̌̏̑̔ 3Í2Zr2O7 (Sm2Hf2O7). 
ˠ̠̓̃̏̑̆̎̎ ς ̏̂̌́̒̓̆̊ ̨̄̏̍̏̄̆̎̎̏̒̓ ̨̈ 
̟̒̓̑̔̋̓̔̑̏ ̓̉̐̔ ̟̌̏̑̉̓̔̕ ̏̂̔̍̏̃̌̆̎̏ 
̑̏̈̑̉̃̏̍ ̨̘̑̏̈̉̎̎̏̒̓ ̘̩̈́̈̎́̆̎̏ ̨̏̂̌́̒̓ 
̨̄̏̍̏̄̆̎̎̏̒̓ ̨̃̎́̒̌̅̏̋ ̠̔̓̃̏̑̆̎̎ 
̠̩̔̐̏̑̅̋̏̃́̎̏ ́̈̉̕ ̨̈ ̟̒̓̑̔̋̓̔̑̏ ̓̉̐̔ 
̨̖̐̑̏̌̏̑̔ 3Í2Zr2O7 (Sm2Hf2O7ɊȢ ˛̝̂̌́̒̓ 
̨̄̏̍̏̄̆̎̎̏̒̓ ̖̓̃̆̑̅̉ ̨̘̑̏̈̉̎̃ ̓̉̐̔ 
̟̌̏̑̉̓̔̕ȟ ̏̚ ̙̑̏̈̓́̏̃́̎́ ̃ ̨̋̔̓ ̈ ̃̆̌̉̋̉̍ 
̨̃̍̒̓̏̍ 3Í2O3ȟ ̅̆̏̚ ̤̝̠̈̃̔̇̔̓̒ ̃ ̨̨̠̐̏̑̃̎̎ ̈ 
̨̐̏̅̃̊̎̉̍̉ ̒̉̒̓̆̍́̍̉ :Ò/2ɀSm2O3 ̓́ HfO2ɀ
Sm2O3 [34; 39]Ȣ ˜́̑́̍̆̓̑̉ ̖̆̌̆̍̆̎̓́̑̎̉ 
̨̋̏̍̑̏̋ ̨̘̖̋̔̂̎̉ ̖̓̃̆̑̅̉ ̨̘̑̏̈̉̎̃ ̨̈ 
̟̒̓̑̔̋̓̔̑̏ ̓̉̐̔ ̟̌̏̑̉̓̔̕ ̨̟̟̝̠̈̍̎̓̒ ̨̃̅ 
 ́Ѐ πȢυςτφ ̎̍ ̠̅̌ ̄̆̓̆̑̏̄̆̎̎̏̄̏ ̈̑́̈̋́ ɉ0ÙϹ&Ɋ 
̒̋̌́̅̔ τπ ̍̏̌Ȣ Ϸ :Ò/2ɀσπ ̍̏̌Ȣ Ϸ HfO2ɀ
30 ̍ ̏̌Ȣ % Sm2O3 ̅  ̏  ́= πȢυςππ ̎̍ ̠̅̌ 
̘̄̑́̎̉̎̏̄̏ ̒̋̌́̅̔ ̓̃̆̑̅̏̄̏ ̘̑̏̈̉̎̔ ̓́ ̅̏ 
 ́= 0.516ψ ̎̍ ̠̅̌ ̄̆̓̆̑̏̄̆̎̎̏̄̏ ̈̑́̈̋́ ɉF+T) 
̒̋̌́̅̔ 7π ̍̏̌Ȣ Ϸ :Ò/2ɀρυ ̍̏̌Ȣ Ϸ HfO2ɀ15 
̍̏̌Ȣ % Sm2O3 ̈́ ̨̐̆̑̆̑̈̏̍ :Ò/2ɀɉυπ ̍̏̌Ȣ Ϸ 
HfO2ɀ50 ̍ ̏̌Ȣ % Sm2O3ɊȢ ˜́̑́̍̆̓̑̉ 

̖̆̌̆̍̆̎̓́̑̎̉ ̨̋̏̍̑̏̋ ̨̘̖̋̔̂̎̉ ̖̓̃̆̑̅̉ 
̨̘̑̏̈̉̎̃ &-ZrO2 (HfO2Ɋ ̨̟̟̝̠̈̍̎̓̒ ̨̃̅  ́ = 
πȢυρυπ ̎̍ ̠̅̌ ̄̆̓̆̑̏̄̆̎̎̏̄̏ ̈̑́̈̋́ ɉF+T) 
̒̋̌́̅̔ τχȢυ ̍̏̌Ȣ Ϸ :Ò/2ɀ47.5 ̍̏̌Ȣ Ϸ HfO2ɀ5 
̍̏̌Ȣ Ϸ 3Í2O3 ̅  ̏  ́= 0.5175 ̎̍ ̠̅̌ ̘̄̑́̎̉̎̏̄̏ 
̒̋̌́̅̔ ̓̃̆̑̅̏̄̏ ̘̑̏̈̉̎̔ ̓́ ̅̏  ́= 0.5208 ̎̍ 
̠̅̌ ̄̆̓̆̑̏̄̆̎̎̏̄̏ ̈̑́̈̋́ ɉPy+FɊ ̒̋̌́̅̔ 37.5 
̍̏̌Ȣ Ϸ :Ò/2ɀ37.5 ̍ ̏̌Ȣ Ϸ HfO2ɀςυ ̍̏̌Ȣ Ϸ 3Í2O3, 
́ ̓́̋̏̇ ̨̃̅  ́= 0.υσσυ ̎̍ ̠̅̌ ̄̆̓̆̑̏̄̆̎̎̏̄̏ 
̈̑́̈̋́ ɉPy+FɊ ̒̋̌́̅̔ ς7.5 ̍̏̌Ȣ Ϸ :Ò/2ɀ27.5 
̍̏̌Ȣ Ϸ HfO2ɀ45 ̍ ̏̌Ȣ Ϸ 3Í2O3 ̅̏ ́ Ѐ πȢυσυπ ̎̍ 
̠̅̌ ̄̆̓̆̑̏̄̆̎̎̏̄̏ ̈̑́̈̋́ ɉF+BɊ ̒̋̌́̅̔ 20 ̍ ̏̌Ȣ 
% ZrO2ɀςπ ̍̏̌Ȣ Ϸ HfO2ɀφπ ̍̏̌Ȣ Ϸ 3Í2O3 ̈́ 
̨̐̆̑̆̑̈̏̍ 3Í2O3ɀɉυπ ̍̏̌Ȣ Ϸ HfO2ɀυπ ̍̏̌ȢϷ 
ZrO2). 
ˢ́̑́̋̓̆̑̎́ ̨̍̋̑̏̒̓̑̔̋̓̔̑́ ̠̅̌ ̨̘̖̋̔̂̎̉ 

̖̓̃̆̑̅̉ ̨̘̑̏̈̉̎̃ ̨̈ ̟̒̓̑̔̋̓̔̑̏ ̓̉̐̔ 
̟̌̏̑̉̓̔̕ ̐̑̆̅̒̓́̃̌̆̎́ ̎́ ̑̉̒Ȣ υȢ ̤Ȣ 
˙̨̋̑̏̒̓̑̔̋̓̔̑́ ̈̑́̈̋́ȟ ̏̚ ̝̎́̌̆̇̉̓ 
̨̅̃̏́̈̎̊̕ ̨̏̂̌́̒̓ ɉ&Ϲ0ÙɊ ̖̤̝̠́̑́̋̓̆̑̉̈̔̓̒ 
̅̃̏̍́ ̒̋̌́̅̏̃̉̍̉ȟ ̨̠̋ ̨̘̓̋̏ ̨̠̟̝̠̑̏̈̑̈̎̓̒ ̈́ 
̋̏̎̓̑́̒̓̏̍Ȣ ˙̗̟́̓̑̉ȟ ̃ ̘̈́̈̎́̆̎̏̍̔ ̨̒̋̌́̅ȟ 
̟̤̔̓̃̏̑ ̓̆̍̎́ ̐̏̑̔̃́̓́ ̒̓̑̔̋̓̔̑́ȟ ̠̋́ ̂̔̌́ 
̨̨̅̆̎̓̉̋̏̃́̎́̕ ̠̋ ̨̘̋̔̂̎̉̊ ̓̃̆̑̅̉̊ ̘̑̏̈̉̎ 
̨̈ ̟̒̓̑̔̋̓̔̑̏ ̓̉̐̔ ̨̖̐̑̏̌̏̑̔Ȣ ˞̨̃̓̌́ ́̈́̕ȟ ̏̚ 
̝̎́̌̆̇̉̓ &-ZrO2 ̨̨̑̃̎̏̍̑̎̏ ̨̑̏̈̐̏̅̌̆̎́ ̐̏ 
̨̖̐̏̃̆̑̎Ȣ 
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 ́  ̂  ̃

  
 

 ̄  ̅  ̆

   

 ̤  ̇  ̈
˝̉̒. 5 ɀ ̇ ̨̋̑̏̒̓̑̔̋̓̔̑̉ ̨̈̑́̈̋̃ ̒̉̒̓̆̍̉ ZrO2ɀHfO2ɀSm2O3ȟ ̨̠̐̒̌ ̓̆̑̍̏̏̂̑̏̂̋̉ ̐̑̉ ρ600 Ј˞ȟ BSE: a - 7π ̍̏̌Ȣ Ϸ 

ZrO2ɀρυ ̍̏̌Ȣ Ϸ HfO2ɀρυ ̍̏̌Ȣ Ϸ Sm2O3, BSE³ 400, (F+T);  ̂- ωυ ̍̏̌ȢϷ ZrO2ɀςȢυ ̍̏̌Ȣ Ϸ HfO2ɀςȢυ ̍̏̌Ȣ Ϸ Sm2O3, BSE³ 
2000 (F+T);  ̃- ωχ ̍̏̌Ȣ Ϸ ZrO2ɀρȢυ ̍̏̌Ȣ Ϸ HfO2ɀρȢυ ̍̏̌Ȣ Ϸ Sm2O3, BSE³ 400 (F+TɊȠ ̨̒̃̓̌́ ɀ F-ZrO2ȟ ̓̆̍̎́ ɀ T-ZrO2, 
̘̏̑̎̆ ɀ̐ ̏̑̉Ƞ ̄ - ωω ̍̏̌Ȣ Ϸ ZrO2ɀπȢυ ̍̏̌Ȣ Ϸ HfO2ɀπȢυ ̍̏̌Ȣ Ϸ Sm2O3, BSE³ 400, (T*); ̅ - 3π ̍̏̌Ȣ Ϸ ZrO2ɀφτ ̍̏̌Ȣ Ϸ 

La2O3ɀφ ̍̏̌Ȣ Ϸ Sm2O3, BSE³ 2000 (F+T+M);  ̆ɀ σπ ̍̏̌Ȣ Ϸ ZrO2ɀφτ ̍̏̌Ȣ Ϸ La2O3ɀφ ̍̏̌Ȣ Ϸ Sm2O3, BSE³ 400 (F+T+M); 
̨̒̃̓̌́ ɀ Mȟ ̨̒̑́ɀ &ȟ ̨̒̃̓̌̏ ̨̒̑́ ɀ 4ȟ ̘̏̑̎̆ ɀ̐ ̏̑̉ ̤  -ςςȢυ ̍̏̌Ȣ Ϸ ZrO2ɀςςȢυ ̍̏̌Ȣ Ϸ HfO2ɀυυ ̍̏̌Ȣ Ϸ Sm2O3, BSE³ 2000, 

(F+Py); ̒ ̨̃̓̌́ ɀ &ȟ ̨̒̑́ɀ ̋ ̔ȟ ̘̏̑̎̆ ɀ̐ ̏̑̉Ƞ ̇ ɀ 1υ ̍̏̌Ȣ Ϸ ZrO2ɀρυ ̍̏̌Ȣ Ϸ (ÆO2ɀχπ ̍̏̌Ȣ Ϸ Sm2O3, BSE³ 200 (F+BɊȠ  ̨̒̃̓̌́ 
ɀ Bȟ ̨̒̑́ɀ &ȟ ̘̏̑̎̆ ɀ ̐ ̏̑̉Ƞ ̈  - 65 ̍ ̏̌Ȣ Ϸ ZrO2ɀ17.5 ̍ ̏̌Ȣ Ϸ (ÆO2ɀ17.5 ̍ ̏̌Ȣ Ϸ Sm2O3, BSE³ 2000 (F) 

 
Fig. 5. SEM microstructures of the samples in the s ystem ZrO2ɀHfO2ɀSm2O3 heat treated at 1600 ЈC:  a - 70 mol  % 

ZrO2ɀ15 mol  % HfO2ɀ15 mol  % Sm2O3, BSE³ 400, (F+T); b - 95 mol  % ZrO2ɀ2.5 mol  % HfO2ɀ2.5 mol  % Sm2O3, BSE³ 2000 
(F+T); c - 97 mol  % ZrO2ɀ1.5 mol  % HfO2ɀ1.5 mol  % Sm2O3, BSE³ 400 (F+T); light  ɀ F-ZrO2, grey ɀ T-ZrO2, black  ɀpores; d - 
99 mol  % ZrO2ɀ0.5 mol  % HfO2ɀ0.5 mol  % Sm2O3, BSE³ 400, (T*); e - 30 mol  % ZrO2ɀ64 mol  % La2O3ɀ6 mol  % Sm2O3, 

BSE³ 400 (F+T+M); light  ɀ M, greyɀ F, light  grey ɀ T, black ɀ pores; f ɀ 30 mol  % ZrO2ɀ64 mol  % La2O3ɀ6 mol  % Sm2O3, BSE³ 
400 (F+T+M); light  ɀ M, grey ɀ F, light  grey  ɀ T, black ɀ pores; g -22.5 mol  % ZrO2ɀ22.5 mol  % HfO2ɀ55 mol  % Sm2O3, BSE³ 
2000, (F+Py); light   ɀ F, grey ɀ ̋ ̔ȟ black ɀ pores; h ɀ 15 mol  % ZrO2ɀ15 mol  % HfO2ɀ70 mol  % Sm2O3, BSE³ 200 (F+B);  light  

ɀ B, grey ɀ F, black ɀ pores; j - 65 mol  % ZrO2ɀ17.5 mol  % HfO2ɀ17.5 mol  % Sm2O3, BSE³ 2000 (F)

ˏ ̨̋̔̓ ̈ ̃̆̌̉̋̉̍ ̨̃̍̒̓̏̍ ̏̋̒̉̅̔ ̨̟̒́̍́̑ 
̟̤̝̠̔̓̃̏̑̓̒ ̘̎̆̈̎́̎́ ̝̏̂̌́̒̓ ̨̄̏̍̏̄̆̎̎̏̒̓ 
̎́ ̨̏̒̎̏̃ ̨̩̍̏̎̏̋̌̎̎̏ ˏ-̨̨̗̩̍̏̅̉̋́̕ Ln2O3. 
˜̑̉ ̠̅̏̅́̃́̎̎ ̝̓̑̆̓̏̄̏ ̋̏̍̐̏̎̆̎̓̔ 
̨̤̝̠̒̐̏̒̓̆̑̄́̓̒ ̠̈̃̔̇̆̎̎ ̘̩̈́̈̎́̆̎̏ ̨̏̂̌́̒̓ ̃ 
̨̨̠̐̏̑̃̎̎̎ ̈ ̘̄̑́̎̉̎̉̍̉ ̨̐̏̅̃̊̎̉̍̉ 
̒̉̒̓̆̍́̍̉ [34; 39]Ȣ ˑ̠̌ ̨̩̅̏̒̌̅̇̆̎̏ ̨̩̐̏̓̑̊̎̏ 
̒̉̒̓̆̍̉ȟ ̘̄̑́̎̉̎́ ̨̘̝̑̏̈̉̎̎̒̓ HfO2 (ZrO2Ɋ ̃ 
̨̨̘̋̑̉̒̓́̌̎̊ ̢̨̗̑́̓ "- Sm2O3 ̝̒̓́̎̏̃̉̓ 

0.5 ̍ ̏̌Ȣ ϷȢ ˜́̑́̍̆̓̑̉ ̩̆̌̆̍̆̎̓́̑̎̏ ̨̋̏̍̑̋̉ 
B- Sm2O3 ̨̟̟̝̠̈̍̎̓̒ ̨̃̅  ́ Ѐ ρȢτχπρ ̎̍ȟ 
b = πȢσςςρ ̎̍ȟ c Ѐ πȢωρςρ ̎̍ȟ b Ѐ χπȢψς ̠̅̌ 
̘̄̑́̎̉̎̏̄̏ ̒̋̌́̅̔ ̓̃̆̑̅̏̄̏ ̘̑̏̈̉̎̔ ̅̏ 
 ́= ρȢτφωυ ̎̍ȟ b Ѐ πȢσςστ ̎̍ȟ c Ѐ πȢωρρψ ̎̍ȟ 
b = χρȢρτ ̠̅̌ ̄̆̓̆̑̏̄̆̎̎̏̄̏ ̈̑́̈̋́ ɉ&Ϲ"Ɋ 
̒̋̌́̅̔ ρ ̍̏̌Ȣ Ϸ :Ò/2ɀρ ̍̏̌Ȣ Ϸ HfO2ɀωω ̍̏̌Ȣ Ϸ 
Sm2O3. ˙̨ ̋̑̏̒̓̑̔̋̓̔̑̔ ̄̆̓̆̑̏̄̆̎̎̏̄̏ ̈̑́̈̋́ 
ɉ&Ϲ"Ɋ ̐̑̆̅̒̓́̃̌̆̎̏ ̎́ ̑̉̒Ȣ υ ̇Ȣ ˚́ ̨̃̋́̈́̎̊ 
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̨̒̓̑̔̋̓̔̑ ̨̤̝̠̒̐̏̒̓̆̑̄́̓̒ ̠̔̓̃̏̑̆̎̎ ̖̅̃̏ 
̖̒̓̑̔̋̓̔̑̎̉ ̖̒̋̌́̅̏̃̉ȟ ̏̚ ̨̨̠̟̝̠̃̅̑̈̎̓̒ ̈́ 
̋̏̎̓̑́̒̓̏̍Ȣ ˙̗̟́̓̑̉ ̝̒̓́̎̏̃̉̓ ̓̆̍̎́ ́̈́̕ȟ 
̏̚ ̝̎́̌̆̇̉̓ ̨̘̋̔̂̎̏̍̔ ̓̃̆̑̅̏̍̔ ̘̑̏̈̉̎̔ ̨̈ 
̟̒̓̑̔̋̓̔̑̏ ̓̉̐̔ ̟̌̏̑̉̓̔̕ȟ ̎́ ̨̖̐̏̃̆̑̎ ̠̩̋̏ 
̨̨̑̃̎̏̍̑̎̏ ̨̨̑̏̈̐̏̅̌̆̎ ̨̨̒̃̓̌ ̈̆̑̎́ ˏ- Sm2O3.  
˔ ́ ̓̆̍̐̆̑́̓̔̑ ̉ 1600 Ј˞  ̨̤̝̠̒̐̏̒̓̆̑̄́̓̒ 

̠̔̓̃̏̑̆̎̎ ̎̆̐̆̑̆̑̃̎̏̄̏ ̠̑̅̔ ̖̓̃̆̑̅̉ 
̨̘̑̏̈̉̎̃ ̎́ ̨̏̒̎̏̃ ̠̩̔̐̏̑̅̋̏̃́̎̏ ́̈̉̕ ̨̈ 
̟̒̓̑̔̋̓̔̑̏ ̓̉̐̔ ̨̖̐̑̏̌̏̑̔ ɉ˝̔ɊȢ ˜̨̠̝̑̏̓̇̎̒̓ 
̘̩̈́̈̎́̆̎̏ ̨̏̂̌́̒̓ ̨̄̏̍̏̄̆̎̎̏̒̓ ̍́̊̇̆ ̎̆ 
̨̟̤̝̠̈̍̎̓̒ ̃ ̨̨̠̐̏̑̃̎̎ ̈ ̘̄̑́̎̉̎̉̍̉ 
̨̐̏̅̃̊̎̉̍̉ ̒̉̒̓̆̍́̍̉ [34; 39]. ˙̨̆̇ 
̨̠̒̎̔̃́̎̎ ̨̏̂̌́̒̓ ̨̄̏̍̏̄̆̎̎̏̒̓ ̎́ ̨̏̒̎̏̃ ɉ0ÙɊ 
̂̔̌̏ ̨̐̅̓̃̆̑̅̇̆̎̏ ˝ˡˍ ̨̈̑́̈̋̃ ̖̎́̒̓̔̐̎̉ 
̨̒̋̌́̅̃ȡ 20 ̍̏̌Ȣ Ϸ :Ò/2ɀτπ ̍̏̌Ȣ Ϸ HfO2ɀ
40 ̍ ̏̌Ȣ Ϸ 3Í2O3ȟ συ ̍̏̌Ȣ Ϸ :Ò/2ɀσςȢυ ̍̏̌Ȣ Ϸ 
HfO2ɀσςȢυ ̍̏̌Ȣ Ϸ 3Í2O3ȟ σςȢυ ̍̏̌Ȣ Ϸ :Ò/2ɀ
32.5 ̍ ̏̌Ȣ Ϸ HfO2ɀσυ ̍̏̌Ȣ Ϸ 3Í2O3ȟ σπ ̍̏̌Ȣ Ϸ 
ZrO2ɀσπ ̍̏̌Ȣ Ϸ HfO2ɀτπ ̍̏̌Ȣ Ϸ 3Í2O3 ɀ 
̨̏̅̎̏́̈̎̕ȟ ρυ ̍̏̌Ȣ Ϸ :Ò/2ɀτςȢυ ̍̏̌Ȣ Ϸ HfO2ɀ
τςȢυ ̍̏̌Ȣ Ϸ 3Í2O3ȟ τπ ̍̏̌Ȣ Ϸ :Ò/2ɀσπ ̍̏̌Ȣ Ϸ 
HfO2ɀσπ ̍̏̌Ȣ Ϸ 3Í2O3ȟ συ ̍̏̌Ȣ Ϸ :ÒO2ɀ
35 ̍ ̏̌Ȣ % HfO2ɀσπ ̍̏̌Ȣ Ϸ 3Í2O3ȟ ςχȢυ ̍̏̌Ȣ Ϸ 
ZrO2ɀςχȢυ ̍̏̌Ȣ Ϸ HfO2ɀτυ ̍̏̌Ȣ Ϸ 3Í2O3 ɀ 
̨̅̃̏́̈̎̕ ɉPyϹ&ɊȢ ˜́̑́̍̆̓̑̉ ̖̆̌̆̍̆̎̓́̑̎̉ 
̨̋̏̍̑̏̋ ̖̓̃̆̑̅̉ ̨̘̑̏̈̉̎̃ ̨̈ ̟̒̓̑̔̋̓̔̑̏ ̓̉̐̔ 
̨̖̐̑̏̌̏̑̔ ̨̟̟̝̠̈̍̎̓̒ ̨̃̅  ́Ѐ ρȢπυωυ ̎̍ ̠̅̌ 
̄̆̓̆̑̏̄̆̎̎̏̄̏ ̈̑́̈̋́ ɉ0ÙϹ&Ɋ ̒̋̌́̅̔ π ̍̏̌Ȣ % 
ZrO2ɀυπ ̍̏̌Ȣ Ϸ HfO2ɀυπ ̍̏̌Ȣ Ϸ 3Í2O3 ̅  ̏
 ́= 1.0576 ̎̍ ̠̅̌ ̘̄̑́̎̉̎̏̄̏ ̒̋̌́̅̔ ̓̃̆̑̅̏̄̏ 
̘̑̏̈̉̎̔ȟ ̏̚ ̨̝̍̒̓̉̓ ςπ ̍̏̌Ȣ Ϸ :Ò/2ɀτπ ̍̏̌Ȣ Ϸ 
HfO2ɀτπ ̍̏̌Ȣ Ϸ 3Í2O3 ̓́ ̅̏  ́= 1.0492 ̎̍ ̠̅̌ 
̅̃̏́̈̎̏̄̏̕ ̈̑́̈̋́ ɉ0ÙϹ&Ɋ ̒̋̌́̅̔ τ0 ̍̏̌Ȣ Ϸ 
ZrO2ɀσπ ̍̏̌Ȣ Ϸ HfO2ɀσπ ̍̏̌Ȣ Ϸ 3Í2O3 ̈ ́
̨̐̆̑̆̑̈̏̍ :Ò/2ɀɉυπ ̍̏̌Ȣ% HfO2ɀ50 ̍ ̏̌ȢϷ 
Sm2O3Ɋ ̓́ ̨̃̅  ́ = 1.0424 ̎̍ ̠̅̌ ̅̃̏́̈̎̏̄̏̕ 
̈̑́̈̋́ ɉ0ÙϹ&Ɋȟ ̏̚ ̨̝̍̒̓̉̓ σ7Ȣυ ̍̏̌Ȣ Ϸ :Ò/2ɀ
37Ȣυ ̍̏̌Ȣ Ϸ HfO2ɀ2υ ̍̏̌Ȣ Ϸ 3Í2O3  ̅  ̏  ́ = 
1.0537 ̎̍ ̠̅̌ ̘̄̑́̎̉̎̏̄̏ ̒̋̌́̅̔ ̓̃̆̑̅̏̄̏ 
̘̑̏̈̉̎̔ȟ ̏̚ ̨̝̍̒̓̉̓ σςȢυ ̍̏̌Ȣ Ϸ :Ò/2ɀ
32.5 ̍ ̏̌Ȣ Ϸ HfO2ɀσυ ̍̏̌Ȣ Ϸ 3Í2O3 ̓́ ̅̏  ́ = 
ρȢπφρρ ̎̍ ̠̅̌ ̅̃̏́̈̎̏̄̏̕ ̈̑́̈̋́ ɉ0ÙϹ&Ɋ 
̒̋̌́̅̔ ςχȢυ ̍̏̌Ȣ Ϸ :Ò/2ɀςχȢυ ̍̏̌Ȣ Ϸ HfO2ɀ45 
̍̏̌Ȣ Ϸ 3Í2O3. 
˚́̐̆̃̎̏ȟ ̠̔̓̃̏̑̆̎̎ ̖̓̃̆̑̅̉ ̨̘̑̏̈̉̎̃ ̓̉̐̔ 

̨̖̐̑̏̌̏̑̔ ̃ ̨̅́̎̊ ̨̒̉̒̓̆̍ ̐̏̃ȭ̠̈́̎̏ ̈ 
̨̠̈́̍̆̎̎̍̚ ̨̨̏̎̃ Hf4+ ̨̏̎́̍̉ Zr4+Ȣ ˟́̋̆ 
̠̒̔̅̇̆̎̎ ̨̘̓̆̑̍̏̅̉̎́̍̎̏ ̢̏̂̑̔̎̓̏̃́̎̏ 
̎́̒̓̔̐̎̉̍̉ ̨̠̍̑̋̔̃́̎̎̍̉Ȣ ˴̏̎̉ Hf4+̓́ Zr4+ 
̨̈̏̍̏̑̎̏̕ ̨̟̝̈́̍̔̓̚ ̏̅̉̎ ̏̅̎̏̄̏ ̓́ ̎̆ 
̟̝̐̏̓̑̆̂̔̓ ̩̅̏̅́̓̋̏̃̏ ̈́̓̑́̓̉ ̨̩̆̎̆̑̄ 
̒̉̒̓̆̍̉ ̎́ ̨̗̟̋̏̍̐̆̎̒́ ̠̈́̑̅̔Ȣ ˗̨̑̍ ̓̏̄̏ȟ 
̃̏̎̉  ̖̤̝̠́̑́̋̓̆̑̉̈̔̓̒ ̏̅̎́̋̏̃̉̍ ̨̏̎̎̉̍ 
̨̑́̅̔̒̏̍ȟ ̏̚ ̓́̋̏̇ ̠̤̒̐̑̉ ̗̐̑̏̆̒̔ ̨̠̈́̍̆̎̎̚Ȣ 
˔̨̠́̍̆̎̎̚ ̃ ̨̢̨̗̐̅̑́̓ ̨̨̋́̓̏̎̃ :Ò4+ (Hf4+Ɋ ̎́ 

Sm3+ ̤̝̠̒̔̐̑̏̃̏̅̇̔̓̒ ̠̔̓̃̏̑̆̎̎̍ ̖̋̉̒̎̆̃̉ 
̨̃́̋́̎̒̊ ̓́ ̨̨̟̃̅̐̏̃̅̎̏ ̨̏̎̎̏-̟̆̌̆̋̓̑̏̎̎̏ 
̨̗̤̟̋̏̍̐̆̎̒́Ȣ 
˛̝̂̌́̒̓ ̨̄̏̍̏̄̆̎̎̏̒̓ ̖̓̃̆̑̅̉ ̨̘̑̏̈̉̎̃ ̈ 

̝̟̓̆̓̑́̄̏̎́̌̎̏ ̟̒̓̑̔̋̓̔̑̏ ̠̃̉̓̄̎̔̓́ 
̃̈̅̏̃̇ ̟̘̩̏̂̍̆̇̔̏ ̨̩̐̏̅̃̊̎̏ ̒̉̒̓̆̍̉ :Ò/2ɀ
HfO2. ˟̃ ̨̆̑̅ ̘̑̏̈̉̎̉ ̎́ ̨̏̒̎̏̃ ˟-ZrO2 ̎̆ 
̟̝̠̈́̄́̑̓̏̃̔̓̒ ̐̑̉ ̖̑̆̇̉̍́ ̖̠̏̏̌̏̅̇̆̎̎ȟ ̏̚ 
̝̃̉̋̏̑̉̒̓̏̃̔̃́̌̉̒ ̃ ̗̝̏̍̔ ̨̨̅̏̒̌̅̇̆̎. ˚́ 
̖̅̉̑́̋̓̏̄̑́̍́̕ȟ ̖̏̓̑̉̍́̎̉ ̐̑̉ ̨̨̋̍̎́̓̎̊ 
̨̓̆̍̐̆̑́̓̔̑ȟ ̨̐̑̉̒̔̓̎ ̨̨̩̌̎ ̨̖́̑́̋̓̆̑̎ ̠̅̌ 
̨̩̍̏̎̏̋̌̎̎̏ ̨̨̗̩̍̏̅̉̋́̕ ˙-ZrO2. ˔̘̎́̎̏̄̏ 
̘̠̑̏̈̉̎̆̎̎ 3Í2O3 ̃ ̨̨̘̋̑̉̒̓́̌̎̊ ̢̨̗̑́̓ 
̝̓̆̓̑́̄̏̎́̌̎̏̄̏ ̓̃̆̑̅̏̄̏ ̘̑̏̈̉̎̔ ̎̆ 
̨̤̝̠̒̐̏̒̓̆̑̄́̓̒Ȣ ˙̨̋̑̏̒̓̑̔̋̓̔̑̉ ̨̈̑́̈̋̃ 
̩̅̃̏́̈̎̏̕ ̨̏̂̌́̒̓ ɉ&Ϲ4Ɋ ̐̑̆̅̒̓́̃̌̆̎̏ ̎́ ̑̉̒Ȣ 
5 -́ Ȣ̃ ˠ̨̓̃̏̑̆̎ ́̈̉̕ ̨̘̓̋̏ ̨̠̟̝̠̑̏̈̑̈̎̓̒ ̈́ 
̋̏̎̓̑́̒̓̏̍ ̓́ ̨̤̟̍̏̑̏̌̏̄̕Ȣ ˛̒̎̏̃̔ 
̖̐̑̆̅̒̓́̃̌̆̎̉ ̨̍̋̑̏̒̓̑̔̋̓̔̑ ̝̒̓́̎̏̃̉̓ 
̓̆̍̎́ ́̈́̕ȟ ̏̚ ̝̎́̌̆̇̉̓ ̝̓̆̓̑́̄̏̎́̌̎̏̍̔ 
̓̃̆̑̅̏̍̔ ̘̑̏̈̉̎̔ ̎́ ̨̏̒̎̏̃ ZrO2. ˞ ̨̃̓̌́ ́̈́̕ȟ 
̨̨̝̝̋̌̋̒̓ ̠̩̋̏ ̙̤̝̠̈̍̆̎̔̓̒ ̨̈ ̨̝̙̠̈̂̌̆̎̎̍ 
̨̗̗̩̋̏̎̆̎̓̑́ ZrO2ȟ ̂̔̌́ ̨̨̅̆̎̓̉̋̏̃́̎́̕ ̠̋ &- 
ZrO2.  
˔̨ ̒̓̏̑̏̎̉ ̘̩̄̑́̎̉̎̏ ̒̉̒̓̆̍̉ :Ò/2ɀHfO2 

̨̤̝̠̒̐̏̒̓̆̑̄́̓̒ ̠̔̓̃̏̑̆̎̎ ̘̩̎̆̈̎́̎̏ ̨̏̂̌́̒̓ 
̨̄̏̍̏̄̆̎̎̏̒̓ ̎́ ̨̏̒̎̏̃ ̨̩̍̏̎̏̋̌̎̎̏ ɉ˙Ɋ 
̨̨̗̩̍̏̅̉̋́̕ HfO2Ȣ ˝̨̘̝̏̈̉̎̎̒̓ 3Í2O3 ̃ 
̨̨̘̋̑̉̒̓́̌̎̊ ̢̨̗̑́̅ ̘̈́̈̎́̆̎̏̄̏ ̃̉̆̚ 
̓̃̆̑̅̏̄̏ ̘̑̏̈̉̎̔ ̝̒̓́̎̏̃̉̓ < ρ ̍̏̌Ȣ ϷȢ ˟̨̃̆̑̅ 
̘̑̏̈̉̎̉ ̎́ ̨̏̒̎̏̃ ̨̩̍̏̎̏̋̌̎̎̏ ɉ˙Ɋ ̨̨̗̩̍̏̅̉̋́̕ 
HfO2 ̨̠̃̉̃̌̆̎ ̃ ̨̅̃̏́̈̎̊̕ ɉ&Ϲ˙Ɋ ̓́ ̨̓̑̉́̈̎̊̕ 
ɉ&Ϲ4Ϲ˙Ɋ ̠̖̏̂̌́̒̓Ȣ ˚̆ ̟̘̈̃́̇́̉ ̎́ ̓̆ȟ ̏̚ ̎́ 
̖̅̉̑́̋̓̏̄̑́̍́̕ ̖̏̓̑̉̍́̎̉ ̨̈̑́̈̋̃ ̍̉ ̎̆ 
̨̒̐̏̒̓̆̑̄́̌̉ ̠̔̓̃̏̑̆̎̎ ̨̨̐̋̃ȟ ̏̚ ̝̎́̌̆̇́̓ 
̨̝̓̆̓̑́̄̏̎́̌̎̊ ̨̒̓̑̔̋̓̔̑ȟ ̈́ ̟̅̏̐̏̍̏̄̏ 
̨̖̍̋̑̏̒̓̑̔̋̓̔̑̎̉ ̨̝̅̏̒̌̅̇̆̎ ̝̃̅́̌̏̒ ̨̘̓̋̏ 
̘̃̉̈̎́̉̓̉ ̨̠̝̎́̃̎̒̓ ̩̓̑̉́̈̎̏̕ ̨̏̂̌́̒̓ 
ɉ&Ϲ-Ϲ4Ɋ ɉ̑̉̒Ȣ υ ̅-̆ɊȢ ˔̘́̈̎́̆̎́ 
̨̍̋̑̏̒̓̑̔̋̓̔̑́ ̨̝̍̒̓̉̓ ̓̑̉ ̨̒̓̑̔̋̓̔̑̎ 
̨̒̋̌́̅̏̃ȟ ̏̚ ̨̨̠̟̝̠̃̅̑̈̎̓̒ ̈́ ̨̤̟̍̏̑̏̌̏̄̕ ̓́ 
̋̏̎̓̑́̒̓̏̍Ȣ ˙̗̟́̓̑̉ ̝̒̓́̎̏̃̉̓ ̨̒̑́ ́̈́̕ȟ ̏̚ 
̖̤̝̠́̑́̋̓̆̑̉̈̔̓̒ ̍́̊̇̆ ̂̆̈ ̟̐̏̑̉̒̓̏ 
̟̒̓̑̔̋̓̔̑̏ ̓́ ̝̎́̌̆̇̉̓ ̨̘̋̔̂̎̉̍ ̓̃̆̑̅̉̍ 
̘̑̏̈̉̎́̍ ̓̉̐̔ ̟̌̏̑̉̓̔̕Ȣ ˡ́̈̉ȟ ̏̚ 
̖̟̝́̑́̋̓̆̑̉̈̔̓ ̨̍̏̎̏̋̌̎̎̔ ̓́ 
̝̓̆̓̑́̄̏̎́̌̎̔ ̒̓̑̔̋̓̔̑̉ ̟̝̍́̓ ̐̆̃̎̔ 
̏̄̑́̎̋̔ ̓́ ̨̨̠̟̝̠̃̅̑̈̎̓̒ ̈́ ̋̏̎̓̑́̒̓̏̍Ȣ 
˞̨̃̓̌́ ́̈́̕ ̂̔̌́ ̨̨̅̆̎̓̉̋̏̃́̎́̕ ̠̋ --HfO2, 
̨̒̑́ ɀ T-ZrO2.  

ˏ̉̒̎̏̃̋̉ 
ˑ̨̏̒̌̅̇̆̎̏ ̨́̈̏̃̕ ̨̑̃̎̏̃́̄̉ ̃ ̨̨̐̏̓̑̊̎̊ 

̒̉ ̨̒̓̆̍ :Ò/2ɀHfO2ɀSm2O3 ̓́ ̐̏̂̔̅̏̃́̎̏ 
̨̨̘̈̏̓̆̑̍̎̉̊ ̨̐̆̑̆̑̈ ̐̑̉ ρφππ Ξ˞Ȣ ˠ̠̓̃̏̑̆̎̎ 
̖̎̏̃̉ ́̈̕ ̃ ̨̨̅̏̒̌̅̇̆̎̊ ̨̨̐̏̓̑̊̎̊ ̨̒̉̒̓̆̍ ̎̆ 
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̨̝̒̐̏̒̓̆̑̄́̌̏̒Ȣ ˏ̒̓́̎̏̃̌̆̎̏ȟ ̏̚ ̐̑̉ 
̨̓̆̍̐̆̑́̓̔̑ ̨̠̅̏̒̌̅̇̆̎̎ ̃ ̨̅́̎̊ ̨̒̉̒̓̆̍ 
̟̟̝̠̔̓̃̏̑̓̒ ̨̎̆̐̆̑̆̑̃̎ ̠̑̅̉ ̨̘̖̋̔̂̎̉ 
̖̓̃̆̑̅̉ ̨̘̑̏̈̉̎̃ ̨̈ ̟̒̓̑̔̋̓̔̑̏ ̓̉̐̔ 
̟̌̏̑̉̓̔̕ ̓́ ̨̖̐̑̏̌̏̑̔Ȣ ˎ̔̅̏̃́ ̨̨̘̈̏̓̆̑̍̎̏̄̏ 
̨̐̆̑̆̑̈̔ ̨̩̐̏̓̑̊̎̏ ̨̅́̄̑́̍̉ ̒̓́̎̔ ̒̉̒̓̆̍̉ 
ZrO2ɀHfO2ɀSm2O3 ̈ ́1600 Ј˞  ̖̤̝̠́̑́̋̓̆̑̉̈̔̓̒ 

̠̔̓̃̏̑̆̎̎ ̨̤̩̏̅̎ ̩̓̑̉́̈̎̏̕ ̨̏̂̌́̒̓ ɉF+T+M). 
˛̨̓̑̉̍́̎ ̝̑̆̈̔̌̓́̓̉ ̝̍̏̇̔̓ ̂̔̓̉ 
̨̃̉̋̏̑̉̒̓́̎̎ ̠̅̌ ̠̒̓̃̏̑̆̎̎ ̖̎̏̃̉ 
̨̘̖̋̆̑́̍̎̉ ̨̨̍́̓̆̑́̌̃ ̨̗̝̔̎̋̏̎́̌̎̏̄̏̕ ̓́ 
̨̗̋̏̎̒̓̑̔̋̊̎̏̄̏ ̘̠̐̑̉̈̎́̆̎̎ ̈ ̎́̐̆̑̆̅ 
̈́̅́̎̉̍̉ ̠̃̌́̒̓̉̃̏̒̓̍̉Ȣ 

 

˟̗̠́̂̌̉ 
ˢ̨̨̘̍̎̉̊ ̨ ́̈̏̃̉̊̕ ̒̋̌́̅̉ȟ ̐́̑́̍̆̓̑̉ ̖̆̌̆̍̆̎̓́̑̎̉ ̨̋̏̍̑̏̋ ́̈̕ ̒̉̒̓̆̍̉ ZrO2ɀHfO2ɀSm2O3 ̐ ̨̠̒̌ 

̓̆̑̍̏̏̂̑̏̂̋̉ ̨̈̑́̈̋̃ ̐̑̉ ρφππ C̄, 10 ̄ ̏̅ ɉ̈́ ̅́̎̉̍̉ ˝ˡˍ ̓́ ˞˒)̇ 
Table 

Phase composition and lattice parameters of ZrO2ɀHfO2ɀSm2O3 samples annealed at 1600 C̄ for 1 0 h (according to 
XRD and scanning electron microscopy)  

ˢ̨̨̘̍̎̉̊ ̒̋̌́̅. ̇ ̏̌Ȣ Ϸ ˡ́̈̏̃̉̊ 
̒̋̌́̅ ̨ ̐́̑́̍̆̓̑̉ 
̖̆̌̆̍̆̎̓́̑̎̉ 
̨̋̏̍̑̏̋. ̊  ̍

˜́̑́̍̆̓̑̉ ̖̆̌̆̍̆̎̓́̑̎̉ ̨̋̏̍̑̏̋ ́̈̕ȟ ̎̍ 

ZrO2 HfO2 Sm2O3 
<F> Py <M*> 

a 
a  ́ b  ̒ ɼ 

˜̨̆̑̆̑̈ :Ò/2- ɉυπ ̍̏̌Ȣ Ϸ (Æ/2 ɀ υπ̍̏̌ȢϷ 3Í2O3) 

0 50 50 Py +<F> 0.5350 1.0595 ɀ ɀ ɀ ɀ 
5 47.5 47.5 Py +<F> 0.5349 1.0593 ɀ ɀ ɀ ɀ 

10 45 45 Py +<F> 0.5289 1.0592 ɀ ɀ ɀ ɀ 
15 42.5 42.5 Py +<F> ɀ 1.0584 ɀ ɀ ɀ ɀ 
20 40 40 Py  ɀ 1.0576 ɀ ɀ ɀ ɀ 
25 37.5 37.5 Py  ɀ 1.0560 ɀ ɀ ɀ ɀ 
30 35 35 Py  ɀ 1.0542 ɀ ɀ ɀ ɀ 
35 32.5 32.5 Py  ɀ 1.0526 ɀ ɀ ɀ ɀ 
40 30 30 Py +<F> 0.5246 1.0492 ɀ ɀ ɀ ɀ 
45 27.5 27.5 Py +<F> 0.5233 1.0464 ɀ ɀ ɀ ɀ 
50 25 25 Py +<F> 0.5211 1.0428 ɀ ɀ ɀ ɀ 
55 22.5 22.5 <F> 0.5200 ɀ ɀ ɀ ɀ ɀ 
60 20 20 <F>  0.5188 ɀ ɀ ɀ ɀ ɀ 
65 17.5 17.5 <F> 0.5176 ɀ ɀ ɀ ɀ ɀ 
70 15 15 <F>+<T*> 0.5168 ɀ ɀ ɀ ɀ ɀ 
75 12.5 12.5 <F>+<T*> 0.5164 ɀ ɀ ɀ ɀ ɀ 
80 10 10 <F>+<T*> 0.5162 ɀ 0.5156 0.5333 0.5036 99.90 
85 7.5 7.5 <F>+<T*> 0.5158 ɀ 0.5203 0.5230 0.5243 99.01 
90 5 5 <F>+<T*> 0.5156 ɀ 0.5155 0.5271 0.5230 99.85 
95 2.5 2.5 <F>+<T*> 0.5154 ɀ 0.5154 0.5270 0.5231 99.84 
97 1.5 1.5 <F>+<T*> 0.5151 ɀ 0.5150 0.5275 0.5231 99.92 
99 0.5 0.5 <T*> ɀ ɀ 0.5146 0.5268 0.5235 99.77 

˜̨̆̑̆̑̈ 3Í2O3-ɉυπ ̍̏̌Ȣ Ϸ :Ò/2ɀ υπ ̍̏̌ȢϷ HfO2) 
50 50 0 <T*> ɀ ɀ 0.5273 0.5242 0.5190 97.28 

47.5 47.5 5 <F>+<T*> 0.5150 ɀ 0.5124 0.5242 0.5221 98.92 
45 45 10 <F>+<T*> 0.5154 ɀ 0.5151 0.4885 0.6496 94.17 

42.5 42.5 15 <F> 0.5175 ɀ ɀ ɀ ɀ ɀ 
40 40 20 <F> 0.5188 ɀ ɀ ɀ ɀ ɀ 

37.5 37.5 25 Py+<F> 0.5208 1.0424 ɀ ɀ ɀ ɀ 
35 35 30 Py+<F> 0.5238 1.0477 ɀ ɀ ɀ ɀ 

32.5 32.5 35 Py ɀ 1.0537 ɀ ɀ ɀ ɀ 
30 30 40 Py ɀ 1.0596 ɀ ɀ ɀ ɀ 

27.5 27.5 45 Py+<F> 0.5335 1.0611 ɀ ɀ ɀ ɀ 
25 25 50 Py+<F> 0.5344 1.0628 ɀ ɀ ɀ ɀ 

22.5 22.5 55 Py+<F> 0.5349 1.0699 ɀ ɀ ɀ ɀ 
20 20 60 <F>+<B> 0.5350 ɀ ɀ ɀ ɀ ɀ 

17.5 17.5 65 <F>+<B> 0.5351 ɀ ɀ ɀ ɀ ɀ 
15 15 70 <F>+<B> 0.5353 ɀ ɀ ɀ ɀ ɀ 

12.5 12.5 75 <F>+<B> 0.5358 ɀ 1.4488 0.3237 0.9122 70.89 
10 10 80 <F>+<B> 0.5364 ɀ 1.4500 0.3302 0.9090 73.31 
5 5 90 <F>+<B> 0.5366 ɀ 1.4650 0.3235 0.9124 71.35 

2.5 2.5 95 <F>+<B> 0.5372 ɀ 1.4735 0.3226 0.9125 71.19 
2 2 96 <F>+<B> ɀ ɀ 1.4729 0.3154 0.9228 70.36 

1.5 1.5 97 <F>+<B> ɀ ɀ 1.4693 0.3231 0.9121 71.16 
1 1 98 <F>+<B> ɀ ɀ 1.4695 0.3234 0.9118 71.14 

0.5 0.5 99 <B> ɀ ɀ 1.4701 0.3221 0.9121 70.82 



42 
 Journal of Chemistry and Technologies, 2022, 30(1), 34-43  

 

˜̠̑̏̅̏̃̇̆̎̎ ̨̗̓́̂̌̉ 
0 0 100 <B> ɀ ɀ ɀ ɀ ɀ ɀ 

˴̗̈̏̋̏̎̆̎̓̑́̓́ 30 % ZrO2 
30 69 1 Ѓ˙Є ɀ ɀ 0.5049 0.5093 0.5463 95.44 
30 67 3 Ѓ˙Є+<F>+<T*> 0.5143 ɀ 0.5055 0.5105 0.5464 95.55 
30 65 5 Ѓ˙Є+<F>+<T*> 0.5143 ɀ 0.5040 0.5116 0.5464 95.62 
30 63 7 <F>+<T*> 0.5147 ɀ 0.5069 0.4668 0.4742 87.32 
30 60 10 <F> 0.5158 ɀ ɀ ɀ ɀ ɀ 

*Ɋ ˜̑̉ ̖̈́̅́̎̉ ̖̔̍̏̃́ ɉ˟Ѐρφππ Ј˞ȟ ρπ ̄̏̅Ȣ ̔ ̨̨̐̏̃̓̑Ɋ ̝̓̆̓̑́̄̏̎́̌̎́ ˟-̨̨̗̠̍̏̅̉̋́̕ :Ò/2 ̎̆ ̨̤̝̠̈̂̆̑̄́̓̒ȟ 
̨̝̈́̍̒̓ ̩̎̆ ̨̒̐̏̒̓̆̑̄́̌̉ ̠̔̓̃̏̑̆̎̎ ̨̩̍̏̎̏̋̌̎̎̏ ˙-̨̨̗̩̍̏̅̉̋́̕ :Ò/2Ȣ ˜̘̠̏̈̎́̆̎̎ ́̈̕ȡ ЃˏЄ ɀ ̓ ̨̃̆̑̅ ̘̑̏̈̉̎̉ ̎́ 
̨̏̒̎̏̃ ̩̍̏̎̏̋̌̉̎̎̏ ̨̨̗̩̍̏̅̉̋́̕ 3Í2O3; <F> ɀ ̨̓̃̆̑̅ ̘̑̏̈̉̎̉ ̎́ ̨̏̒̎̏̃ ̨̘̩̋̔̂̎̏ ̨̨̗̩̍̏̅̉̋́̕ ̨̈ ̟̒̓̑̔̋̓̔̑̏ 
̓̉̐̔ ̟̌̏̑̉̓̔̕ Zr 2̨ (HfO2); Py ɀ ̔ ̠̐̏̑̅̋̏̃́̎́ ́̈́̕ ̨̈ ̟̒̓̑̔̋̓̔̑̏ ̓̉̐̔ ̨̖̐̑̏̌̏̑̔ Sm2Zr2O7 (Sm2Hf2O7). 
*) !Ô ÇÉÖÅÎ ÃÏÎÄÉÔÉÏÎÓ ɉ ÁÔ ρφππЈ# ÆÏÒ ρπ È ÉÎ ÁÉÒɊ ÔÅÔÒÁÇÏÎÁÌ ÍÏÄÉÆÉÃÁÔÉÏÎ ÏÆ 4-ZrO2 does not harden, instead 
formation of monoclinic modification of M -ZrO2 was observed. Designation of phases:  <B>, solid solutions based on 
monoclin ÉÃ ÍÏÄÉǢÃÁÔÉÏÎ ÏÆ 3Í2O3; <F>ȟ ÓÏÌÉÄ ÓÏÌÕÔÉÏÎÓ ÂÁÓÅÄ ÏÎ ÃÕÂÉÃ ÍÏÄÉǢÃÁÔÉÏÎ ×ÉÔÈ ǨÕÏÒÉÔÅ-type structure of 
:Ò2̨ (HfO2); Py -ordered phase of type -pyrochlore Sm 2Zr2O7 (Sm2Hf2O7). 
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