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!"#$.-/0.0123145$', 4%536"15.&0##7, 3#'&015'.0. 

8'9'(05$', :"$3-;.0. 

 

<"3(#7, 13$%&%6'.0-;: 6.+.#., =1%:. >&010&" ?1'#" )-0$500&#" 

                                                                                                                                                                                                        

@6#'9 'A #"'2%-00 =015=0$.'&#7+ $-"55%& $01"9'(05$'+ 9".01'"-%& B&-BC.5B 

#"#%5.13$.31'1%&"##70 5-%'5.70 =01%&5$'.%=%6%2#70 5%06'#0#'B ' .&01670 1"5.&%17 #" 

'+ %5#%&0. D A"&'5'9%5.' %. 5%5."&" ' 5.13$.317 %#' %2-"6"C. E'1%$'9 5=0$.1%9 :'A'$%-

+'9'(05$'+ 5&%,5.&. F.% ."$'0 .0+#'(05$' A#"('970 +"1"$.01'5.'$', $"$ &75%$"B '%##"B 

=1%&%6'9%5.; [1,2], &75%$%.09=01".31#"B 5&01+=1%&%6'9%5.; [3], $%-%55"-;#%0 

9"4#0.%5%=1%.'&-0#'0 [4], $"."-'.'(05$"B ' :%.%$"."-'.'(05$"B "$.'&#%5.; [5-8]. <% 6-B 

.%4%, (.%27 =1'90#B.; G.' 9".01'"-7 & .%, '-' '#%, %2-"5.' +'9'(05$%, =1%97E-0##%5.', 

G-0$.1%#'$0 '-' G#0140.'$0, #0%2+%6'9% '90.; 5&060#'B % .09=01".31#%9 6'"="A%#0 '+ 

5."2'-;#%5.'. 

H"559".1'&"0970 & 6"##%, 1"2%.0 =01%&5$'.%=%6%2#70 5-%'5.70 .'."#".7 

=1'#"6-0I". 4%9%-%4'(05$%93 1B63 (Na,Nd)n+1TinO3n+1, 460 n ! ('5-% #"#%5-%0& =01%&5$'.". 

NaNdTiO4 & 5&%0, 5.13$.310 5%601I'. %6'# #"#%5-%, =01%&5$'." (1'5.1"), Na2Nd2Ti3O10 ! 

.1' #"#%5-%B =01%&5$'." (1'5.12); =1' G.%9 .%-J'#" %6#%4% 5-%B 5%5."&-B0. =1'901#% 0,5 

#9. ?#.0105 $ ."$'9 5%06'#0#'B9 &7A&"# '+ =015=0$.'&#%5.;C $"$ $"."-'A".%1%& 

:%.%'#63K'13097+ 10"$K',, & .%9 ('5-0 1"A-%I0#'B &%67 6-B K0-0, =%-3(0#'B &%6%1%6" 

$"$ "-;.01#".'&#%4% &'6" .%=-'&" ' 1"A-%I0#'B .%$5'(#7+ %14"#'(05$'+ &0J05.&. /%9'9% 

G.%4% 6"##70 %$5'67 9%43. 27.; '5=%-;A%&"#7 $"$ =10$315%17 6-B =%-3(0#'B 6134'+ 

=01%&5$'.%=%6%2#7+ :"A =3.09 10"$K', '%##%4% %290#" [9,10]. 
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H'5.1. !.13$.317 =01%&5$'.%=%6%2#7+ %$5'6%& NaNdTiO4 (") ' Na2Nd2Ti3O10 (2). 
 

!%06'#0#'B NaNdTiO4 ' Na2Nd2Ti3O10 B&-BC.5B =1065."&'.0-B9' $-"55" :"A 

H"66-0560#"-/%==01" [11]. L1'5."--'(05$'0 5.13$.317 G.'+ 5%06'#0#', #"=%9'#"C. 

5.13$.317 5-%I#7+ %$5'6%& Sr2TiO4 ' Sr4Ti3O10 5%%.&0.5.&0##%: .0.1"4%#"-;#"B 

G-090#."1#"B B(0,$", ".%97 .'."#" #"+%6B.5B & %$."G61'(05$%9 %$13I0#'' ".%9%& 

$'5-%1%6". 

!.1%0#'0 Na2Nd2Ti3O10 %.&0("0. .%, I0 =1%5.1"#5.&0##%, 413==0 5'990.1'', (.% ' 

.'."#".%& 5.1%#K'B, – I4/mmm [12]. @6#"$% &5-065.&'0 2%-;E%, 1"A#'K7 A"1B6%& $".'%#%& 

#".1'B ' #0%6'9" & 'A3("097+ 5%06'#0#'B+ #"2-C6"0.5B =%-#%0 3=%1B6%(0#'0 G.'+ 

$".'%#%& =% #0G$&'&"-0#.#79 5.13$.31#79 =%A'K'B9. D 10A3-;.".0 $".'%#7 #".1'B 

A"50-BC. 9-.' $%%16'#'1%&"##70 =%A'K'', 1"5=%-%I0##70 90I63 #"#%2-%$"9' 

5.13$.31#%4% .'=" =01%&5$'.", ' &905.0 5 2-'I",E'9' ".%9"9' $'5-%1%6" %21"A3C. 

:1"490#.7 5.13$.317 $"90##%, 5%-'. /1' G.%9 $".'%#7 #0%6'9", #"+%6BJ'05B & 12-.' 

$%%16'#'1%&"##%9 5%5.%B#'', A"50-BC. =%A'K'' &#3.1' #"#%2-%$" 5% 5.13$.31%, 

=01%&5$'.". 

D 5.13$.310 NaNdTiO4 & %.-'('0 %. Na2Nd2Ti3O10 ' ".%97 #".1'B, ' ".%97 #0%6'9" 

#"+%6B.5B & 9-.' $%%16'#'1%&"##%9 5%5.%B#''. M=%1B6%(0#'0 $".'%#%& J0-%(#%4% ' 
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106$%A090-;#%4% G-090#.%& =1%B&-B0.5B & .%9, (.% %6'# #"#%2-%$ $"90##%, 5%-' A"50-0# 

.%-;$% ".%9"9' Na, 6134%, – .%-;$% ".%9"9' Nd. D 10A3-;.".0 %.53.5.&30. A01$"-;#"B 

=-%5$%5.; 5'990.1'', =1%+%6BJ"B (010A K0#.17 %$."G61%& =01=0#6'$3-B1#% %5' !, ' 

=1%5.1"#5.&0##"B 413==" =010+%6'. & P4/nmm [13-15]. 

L"$ &063. 502B =1' =%&7E0#'' .09=01".317 $".'%#%3=%1B6%(0##70 5-%'5.70 

#"#%5.13$.317, %21"A%&"##70 =% 2-%(#%93 =1'#K'=3? N363. -' %#' 35.%,('&7 '-' 2363. 

=%6&014".;5B 1"A-%I0#'C, =%5$%-;$3 & '+ 5.13$.310 3I0 53J05.&3C. :1"490#.7 (%2O09#70 

'-' 6&3901#70), $%.%170 9%43. 5.".; =10$315%1"9' &760-BCJ'+5B :"A? F.' &%=1%57 

%5."C.5B 5%&01E0##% #0'55-06%&"##79' 6% #"5.%BJ04% &1090#'. 

D 6"##%, 1"2%.0 =1065."&-0#7 10A3-;.".7 '55-06%&"#'B .019'(05$%, 35.%,('&%5.'  

$".'%#%3=%1B6%(0##7+ 5-%'5.7+ %$5'6%& NaNdTiO4 ' Na2Nd2Ti3O10. ?55-06%&"#'0 

.019'(05$%, 35.%,('&%5.' %21"AK%& %53J05.&-B-%5; 90.%6%9 'A%.019'(05$%4% %2I'4" ' 

A"$"-$'. /1%&060#" 501'B %=7.%& #" 5."2'-;#%5.; 5%06'#0#',, #"('#"B 5 .09=01".317 

5'#.0A" [16,17] ' 6% .09=01".317 '+ =%-#%4% 1"A-%I0#'B. P-B NaNdTiO4 '5+%6#%, 

.09=01".31%, 5."-" 900°!, =%5$%-;$3 'A&05.#%, (.% =1' 6"##%, .09=01".310 36"0.5B 

=%-3('.; ('5.%0 5%06'#0#'0. P"-00 'A3(0#'0 =1%&%6'-%5; 5 E"4%9 & 50°! 6% .09=01".317 

1100°!. M5.%,('&%5.; Na2Nd2Ti3O10 '55-06%&"#" & '#.01&"-0 1100–1400°! 5 E"4%9 & 100°!. 

@21"AK7 NaNdTiO4 &7601I'&"-'5; =1' &75%$'+ .09=01".31"+ =% 6 (. P-B 1"5="6" 

Na2Nd2Ti3O10 .10230.5B 2%-00 6-'.0-;#"B %21"2%.$". L%#.1%-; $"(05.&0##%4% 5%5."&" 

%21"AK%& %53J05.&-B-5B 5 =%9%J;C 10#.40#%:"A%&%4% "#"-'A". P-B %=1060-0#'B 

9%1:%-%4'' '5+%6#7+ ("5.'K ' =1%63$.%& 1"A-%I0#'B 27- '5=%-;A%&"# 90.%6 G-0$.1%##%, 

9'$1%5$%=''. 

!-%I#70 %$5'67 NaNdTiO4 ' Na2Nd2Ti3O10 27-' 5'#.0A'1%&"#7 =% $01"9'(05$%, 

.0+#%-%4''. D $"(05.&0 '5+%6#7+ &0J05.& '5=%-;A%&"-'5; 10"$.'&7 9"1$' Johnson Mattey: 

%$5'6 #0%6'9" Nd2O3 (5 5%601I"#'09 %5#%&#%4% $%9=%#0#." 99,99%), =106&"1'.0-;#% 

=1%$"-0##7, =1' 780°! & .0(0#'0 3 ("5%& 6-B 36"-0#'B &-"4', .%#$%6'5=015#7, %$5'6 

.'."#" TiO2 (99,9%) & 9%6':'$"K'' "#"."A", $"12%#". #".1'B Na2CO3 (99,5%). !'#.0A 

%53J05.&-B-5B =1' ".9%5:01#%9 6"&-0#'' #" &%A63+0 =% 10"$K'B9: 

Na2CO3 + 2TiO2 + Nd2O3 Q 2NaNdTiO4 + CO2              (1) 

Na2CO3 + 3TiO2+ Nd2O3 Q Na2Nd2Ti3O10 + CO2            (2) 

DA&0E0##70 #" "#"-'.'(05$'+ &05"+ 5 .%(#%5.;C 6% 10-4 4 10"40#.7 .J".0-;#% 

=01090E'&"-'5; & "4".%&%, 5.3=$0 'A 1"5(0." 40 9'# =010.'1"#'B #" 1 4 '5+%6#%, 5905'. 

/%-3(0##"B E'+." =1055%&"-"5; & ."2-0.$' 9"55%, 0,5 4 ' 6'"90.1%9 0,7 59. @2I'4 %21"AK%& 

=1%&%6'-5B & 5'-'.%&%, =0(', .09=01".31#7, 10I'9 $%#.1%-'1%&"-5B =-".'#%-1%6'0&%, 
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.019%="1%,. ?A%.019'(05$', 10I'9 .019%%21"2%.$' %205=0('&"-5B 5 .%(#%5.;C ±1º! 5 

=%9%J;C =1%41"99#%4% .019%1043-B.%1" R/ 403. 

NaNdTiO4 27- =%-3(0# =1' .09=01".310 780°! A" 3 (, 04% .10+5-%,#7, 4%9%-%4 

Na2Nd2Ti3O10 5'#.0A'1%&"# =3.09 6&3+5.3=0#(".%4% =1%$"-'&"#'B =1' .09=01".31"+ 600°! 

(3 () ' 1100°! (3 (). P-B =1'4%.%&-0#'B E'+.7 Na2Nd2Ti3O10 27- &AB. 40% 'A27.%$ 5%67, 

(.%27 $%9=0#5'1%&".; =%.01' G.%4% -04$%-0.3(04% $%9=%#0#." =1' #"410&"#''. 

L"(05.&0##7, 10#.40#%:"A%&7, "#"-'A =%-3(0##7+ %21"AK%& %53J05.&-B-5B 90.%6%9 

=%1%E$%& 5 '5=%-;A%&"#'09 6':1"$.%90.1" ARL X'TRA & 35-%&'B+ 'A-3(0#'B CuKS. /1' 

5O09$0 6':1"$.%41"99 27- 35."#%&-0# 5-063CJ', 10I'9: 2" = 5÷50° (6-B NaNdTiO4) ' 

5÷70° (6-B Na2Nd2Ti3O10) 5 E"4%9 0,04°, &109B 5O09$' – 4 5/.%($". T"A%&7, 5%5."& %21"AK%& 

%=1060-B-5B 5 =%9%J;C 2"A7 6"##7+ ICDD PDF-2. 

F-0$.1%##70 9'$1%:%.%41":'' 5'#.0A'1%&"##7+ %21"AK%& ' =1%63$.%& 1"5="6" 

=%-3(0#7 #" G-0$.1%##%9 5$"#'13CJ09 9'$1%5$%=0 Carl Zeiss EVO 40EP. 

?55-06%&"#'0 .019'(05$%, 35.%,('&%5.' %$5'6" NaNdTiO4 =%$"A"-%, (.% G.% 

5%06'#0#'0 35.%,('&% 6% .09=01".317 900°!. P':1"$.%41"99" NaNdTiO4, =1%$"-0##%4% =1' 

900°! & .0(0#'0 6 ( (1'5.2), %.&0("0. ('5.%93 $%9=%#0#.3 20A 5-06%& =1'9050, &%A9%I#7+ 

=1%63$.%& 1"5="6". /1%$"-'&"#'0 %21"AK%& =1' .09=01".31"+ 950°!, 1000°! ' 1050°! 

=1'&%6'. $ 1"A-%I0#'C, 5.0=0#; $%.%1%4% 1"5.0. =1' =%&7E0#'' .09=01".317 %.I'4". 

<"1B63 5 10:-0$5"9' :"A7 '5+%6#%4% 5%06'#0#'B NaNdTiO4 =1'53.5.&3C. 6':1"$K'%##70 

9"$5'9397 .10+5-%,#%4% %$5'6" Na2Nd2Ti3O10 ' %2#"13I'&"C.5B 10:-0$57 :"A, #0 

5%601I"J'+ #".1'B: Nd2TiO5 ' Nd2Ti3O9. /%-#%0 1"A-%I0#'0 NaNdTiO4 6%5.'4"0.5B =1' 

.09=01".310 1100°!, % (09 5&'60.0-;5.&30. 6':1"$.%41"99" %21"AK", A"$"-0##%4% %. G.%, 

.09=01".317, #" $%.%1%, #0 =1'53.5.&30. ' 5-06%& '5+%6#%4% 5%06'#0#'B. /1%&060##7, 

"#"-'A =%A&%-B0. %='5".; 1"5="6 NaNdTiO4 & '#.01&"-0 950–1100°! 5-063CJ'9 31"&#0#'09: 

8 NaNdTiO4 # Na2Nd2Ti3O10 + 2 Nd2TiO5 + Nd2Ti3O9 + 3 Na2O   (3) 
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H'5.2. P':1"$.%41"997 NaNdTiO4 & .09=01".31#%9 '#.01&"-0 900–1100°!.  

     - Na2Nd2Ti3O10 ,    - Nd2TiO5,     - Nd2Ti3O9. 
 

!.13$.31#%-+'9'(05$"B :%19" =10&1"J0#',, 5%%.&0.5.&3CJ'+ 10"$K'' (3), =%$"A"#" 

#" 1'5.3. 

 
H'5.3. !.13$.31#%-+'9'(05$%0 31"&#0#'0 10"$K'' 1"A-%I0#'B NaNdTiO4. 

2! (°) 
 

1000°C 

1050°C 

1100°C 

900°C 

950°C 

NaNdTiO
4 

Na2Nd2Ti3O1

0 

Nd2TiO5 Nd2Ti3O
9 

 

- TiO6;            - TiO5;           - NdO6;    

- Na+1;         - Nd+3;          - O-2 
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/1' .09=01".31"+ &7E0 900°! =1%'5+%6'. 1"A3=%1B6%(0#'0 $".'%#%& Na+ ' Nd+3, 

2-"4%6"1B (093 5."#%&'.5B &%A9%I#%, =0105.1%,$" ".%9%& & #"#%5.13$.310 NaNdTiO4. 

<"#%5-%' =01%&5$'." & K0=%($0 –P–RS–P–RS– (010A $"I670 6&" #"#%5-%B P 56&'4"C.5B #" 

(a+b)/2, (.% =1'&%6'. $ %21"A%&"#'C 5.13$.317 Na2Nd2Ti3O10. 

/%9'9% Na2Nd2Ti3O10 %21"A30.5B 5%06'#0#'0 5 =%+%I0, #" #04% 5.13$.31%, – 

Nd2Ti3O9, 460 ".%97 #".1'B =%-#%5.;C %.53.5.&3C.. D %.-'('0 %. Na2Nd2Ti3O10 %$5'6 

Nd2Ti3O9 5%601I'. &75%$3C =-%.#%5.; $'5-%1%6#7+ &"$"#5',, $%.%170 5%5106%.%(0#7 & 

90I5-%,#%9 =1%5.1"#5.&0 [18]. L"$ 5-065.&'0, ("5.; ".%9%& Ti, #"+%6BJ'+5B &2-'A' 

90I5-%,#%4% =1%5.1"#5.&", 5."#%&'.5B %$13I0##%, -'E; =B.;C ".%9"9' $'5-%1%6". 1/3 

$".'%#%& Nd+3 =01090J"0.5B 'A =1%5.1"#5.&" & 2-%$0 #"#%5-%0& =01%&5$'." #" =%A'K'' 

$'5-%1%6#7+ &"$"#5',, " 2/3 %5."C.5B & #"#%5-%B+. D =01&%9 =1'2-'I0#'' 9%I#% 5('.".;, 

(.% =%-%&'#" ".%9%& $'5-%1%6", A"#'9"CJ'+ "#'%##70 =%A'K'' 90I5-%,#%4% =1%5.1"#5.&" 

#"#%5.13$.317 Na2Nd2Ti3O10, A"90J"0.5B 205=%1B6%(#% 1"5=1060-0##79' 2/3 Nd+3 ' 1/3 O-2 

&"$"#5',. 

R10.', =1%63$. 1"5="6" – Nd2TiO5 – %.#%5'.5B $ 5.13$.31#%93 .'=3 $35='6'#" 

Ca4(Si2O7 )(OH,F)2, 460 -&"$"#5'B [19]. M6&%'& ('5-% ".%9%& & :%193-0 Nd2TiO5, 9%I#% 

=1065."&'.; G.% 5%06'#0#'0 2%-00 #"4-B6#%, :%193-%, Nd4(Ti2O8)O2. D905.% 413== Si2O7 & 

5.13$.310 Nd2TiO5 '90C.5B %.60-;#70 K0=' 5%5.7$%&"##7+ &01E'#"9' .1'4%#"-;#7+ 

2'='1"9'6 TiO5. ).%97 #0%6'9" 5 5%506#'9' ".%9"9' $'5-%1%6" %21"A3C. %$."G617. 

@6#'9 'A =1%63$.%& 10"$K'' (3) 6%-I0# 27.; Na2O, +%.B G.%. =1%5.%, %$5'6 #0 

104'5.1'130.5B #" 6':1"$.%41"99"+. @.53.5.&'0 04% 10:-0$5%& 9%I0. 27.; 5&BA"#% 5 .09, 

(.% #" &%A63+0 %$5'6 #".1'B "$.'&#% 10"4'130. 5 CO2 ' %21"A30. $"12%#". #".1'B, 1"5=%A#".; 

$%.%17, 5106' 6134'+ =1%63$.%& 1"5="6" =1"$.'(05$' #0&%A9%I#% &5-065.&'0 %.#%5'.0-;#% 

9"-%, '#.0#5'&#%5.' 04% 10:-0$5%&. L1%90 .%4%, $"$ $"12%#"., ."$ ' %$5'6 #".1'B 2%-00 

-0.3(' =1' &75%$'+ .09=01".31"+, (09 %5."-;#70 $%9=%#0#.7 10"$K'%##%, 5905'. 

?55-06%&"#'0 .019'(05$%, 35.%,('&%5.' %$5'6" Na2Nd2Ti3O10 =%$"A7&"0., (.% 

5%06'#0#'0 5."2'-;#% 6% .09=01".317 1100°! (1'5.4). <" 6':1"$.%41"990 Na2Nd2Ti3O10, 

=1%$"-0##%4% =1' 1200°!, %2#"13I'&"C.5B 10:-0$57 :"A Nd2TiO5, Nd2Ti3O9 ' Nd2/3TiO3. 

/%5-06#'0 6&0 :"A7 B&-BC.5B 1"A-'(#79' $1'5."--'(05$'9' 9%6':'$"K'B9' 5%06'#0#'B 5 

9%-0$3-B1#%, :%193-%, Nd2Ti3O9: %6#" 'A #'+ '900. .0.1"4%#"-;#3C 5.13$.313, 6134"B 

'5$"I0#" 6% %1.%1%92'(05$%,. /1' .09=01".310 1300°! =%9'9% 10:-0$5%& 

&7E03=%9B#3.7+ .'."#".%& #"2-C6"C.5B 6':1"$K'%##70 ='$' Nd2Ti2O7. L 1400°! 

=1%="6"C. 10:-0$57 :"A Nd2TiO5 ' Nd2Ti3O9, %5."C.5B -'E; Nd2/3TiO3, Nd2Ti2O7 ' 5-067 

'5+%6#%4% 5%06'#0#'B Na2Nd2Ti3O10. N%-00 =1%6%-I'.0-;#7, %.I'4 %21"AK" =1' 1400°! 

=1'&%6'. $ %$%#(".0-;#%93 1"5="63 Na2Nd2Ti3O10, % (09 5&'60.0-;5.&30. '5(0A#%&0#'0 ='$" 
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=1' 9"-%9 34-0 2"=6,32°, +"1"$.01#%4% 6-B #"#%5.13$.31'1%&"##7+ 5-%'5.7+ 

=01%&5$'.%=%6%2#7+ 5%06'#0#',. 

 
H'5.4. P':1"$.%41"997 Na2Nd2Ti3O10 & .09=01".31#%9 '#.01&"-0 1100–1400°!. 

- Nd2/3TiO3;     - Nd2TiO5;     - Nd2Ti3O9;     - Nd2Ti2O7. 
 
<" %5#%&"#'' 10A3-;.".%& 10#.40#%:"A%&%4% "#"-'A" 9%I#% 560-".; &7&%6 % .%9, (.% 

=1%63$."9' 1"A-%I0#'B Na2Nd2Ti3O10 B&-BC.5B Nd2TiO5 ' Nd2/3TiO3. ?5+%6B 'A 

5.0+'%90.1'(05$'+ 5%%21"I0#',, #"1B63 5 35."#%&-0##79' =1%63$."9' 10"$K'' & 5'5.090 

9%I#% =106=%-%I'.; =1'53.5.&'0 TiO2 & 9%6':'$"K'' 13.'-", $%.%17, #0 104'5.1'130.5B 

10#.40#%41":'(05$'. D%A9%I#%, G.% 5&BA"#% 5 .09, (.% =1' A"$"-$0 %. .09=01".31 &7E0 

1100°! ("5.'K7 TiO2 9"-7+ 1"A901%& 5 2%-;E%, =-%J"6;C =%&01+#%5.' =010+%6B. 'A 

I'6$%=%6%2#%4% 5%5.%B#'B, &%A#'$"CJ04% =1' R=2/3R=-. [20] (R=-.TiO2 = 1870°!), & "9%1:#%0 

5%5.%B#'0. /%G.%93 31"&#0#'0 1"5="6" 9%I#% A"='5".; ."$'9 %21"A%9: 

2 Na2Nd2Ti3O10 # 3 Nd2/3TiO3 + Nd2TiO5 + 2 TiO2 + 2 Na2O     (4) 

/1' .09=01".310 1400°! 10:-0$5%& :"A7 Nd2TiO5 #0 #"2-C6"0.5B, A".% =1'53.5.&30. 

Nd2Ti2O7. F.%. :"$. =%A&%-B0. 560-".; =106=%-%I0#'0 % .%9, (.% 5"9 Nd2Ti2O7 #"=1B93C #0 

B&-B0.5B =1%63$.%9 1"5="6" Na2Nd2Ti3O10, #% %21"A30.5B =% 10"$K'': 

TiO2 + Nd2TiO5 # Nd2Ti2O7                 (5) 

2! (°) 
 

1100°C 

1200°
C 

1300°
C 

1400°C 
8! 

1400°C 
12! 
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!.13$.31#70 =10&1"J0#'B 6-B 10"$K', (4) ' (5) =1065."&-0#7 #" 1'5.5",2. 

 

 
H'5.5. !.13$.31#%-+'9'(05$%0 31"&#0#'0 10"$K'' 1"A-%I0#'B Na2Nd2Ti3O10 ("), " ."$I0 

10"$K'' %21"A%&"#'B Nd2Ti2O7 'A =1%63$.%& 1"A-%I0#'B Na2Nd2Ti3O10 (2). 
 
P% 1300°! #" 6':1"$.%41"99"+ =%9'9% Nd2/3TiO3 A"90.#% #"-'('0 :"A7 Nd2Ti3O9, 

&7E0 G.%, .09=01".317 5."2'-;#" .%-;$% :%19" Nd2/3TiO3. R"$'9 %21"A%9, Nd2Ti3O9 

B&-B0.5B '#.01906'".%9 =1' =010+%60 $ .10+901#%93 $".'%#%60:'K'.#%93 5%06'#0#'C 

Nd2/3TiO3: 

Nd2Ti3O9 # 3 Nd2/3TiO3                       (6) 

Nd2Ti2O7 Nd2TiO5 TiO2 

(2) 

- TiO6;            - TiO5;           - NdO6;    

- Na+1;         - Nd+3          

Na2Nd2Ti3O10 Nd2TiO
5 

Nd2/3TiO
3 

TiO
2 

(") 
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U5-' Nd2Ti3O9 &50 0J0 5%+1"#B0. (01.7 5-%'5.%, =01%&5$'.%=%6%2#%, #"#%5.13$.317, 

.% Nd2/3TiO3 '900. #"#%5.13$.313 =01%&5$'.", & $%.%1%, 1/3 =%A'K', $".'%#%& Nd+3 &"$"#.#" 

[21]. 

D =1%K0550 1"A-%I0#'B Na2Nd2Ti3O10 5 =%&7E0#'09 .09=01".317 #"2-C6"0.5B 

.0#60#K'B $ 1"5="63 :"A, '90CJ'+ 90#00 '5$"I0##3C 5.13$.313, ' 5."2'-'A"K'B 5.13$.31 

2%-00 #'A$%, 5'990.1''. R"$, & '#.01&"-0 1300–1400°! Nd2TiO5 =10&1"J"0.5B & Nd2Ti2O7, 

5.13$.31" $%.%1%4% %21"A%&"#" 205$%#0(#79' 5-%B9' (10A&7(",#% '5$"I0##7+ %$."G61%& 

TiO6 [22]. 

*'$1%:%.%41":'' =%-'$1'5."--'(05$'+ %21"AK%& NaNdTiO4 ' Na2Nd2Ti3O10 (1'5.6",2) 

5&'60.0-;5.&3C. % .%9, (.% '+ ("5.'K7 '90C. 1"A-'(#3C 9%1:%-%4'C. @21"AK7 NaNdTiO4 

5%601I'. ("5.'K7 &7.B#3.%, :%197, 1"A901 $%.%17+ #0 =10&7E"0. 1 9$9, & .% &109B $"$ 

("5.'K7 Na2Nd2Ti3O10 '90C. #0=1"&'-;#3C :%193, ' '+ 1"A901 5%5."&-B0. 3,5 9$9. 

 
H'5.6. F-0$.1%##70 9'$1%:%.%41":'' '5+%6#7+ %21"AK%& NaNdTiO4 ("), Na2Nd2Ti3O10 (2) ' 

1"A-%I'&E'+5B NaNdTiO4 (&), Na2Nd2Ti3O10 (4). 
 

/% 9'$1%:%.%41":'B9 1"A-%I'&E'+5B 5%06'#0#', (1'5.6&,4) 9%I#% 536'.; % 

9#%4%:"A#%5.' %21"AK%&: %(0&'6#" #0%6#%1%6#%5.; :%19 ' 1"A901%& %.60-;#7+ 

=%-'$1'5."--%&. 

1 343 1 343 

1 343 1 343 

(") 

(2) (4) 

(&) 
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M5.%,('&%5.; 5%06'#0#', 5% 5-%'5.79 .'=%9 5.13$.317 9%I0. 27.; %2OB5#0#" =1' 

1"559%.10#'' 5.13$.31#7+ %5%20##%5.0, 5-%I#7+ %$5'6%&. ! $1'5."--%+'9'(05$'+ 

=%A'K', =1'('#" 1"A-'(#%4% .019'(05$%4% =%&060#'B %$5'6%& 5-%'5.%, 5.13$.317 

A"$-C("0.5B & 1"A-'(#%, 5.0=0#' "#'A%.1%='' #"#%5.13$.317 ' +'9'(05$%, 5&BA'. /1' 

:"A%&7+ =10&1"J0#'B+ =1%'5+%6B. 'A90#0#'0 $%%16'#"K'%##%4% %$13I0#'B $".'%#%& Nd+3 

(LV = 9, 12, 6) ' Ti+4 (LV = 6, 5) ' A#"('.0-;#70 '5$"I0#'B '+ $%%16'#"K'%##7+ =%-'G61%&. 

LV '5+%6#7+ 5%06'#0#', ' =1%63$.%& 1"A-%I0#'B =1065."&-0#7 & ."2-'K0 1. 

 
R"2-.1. !'990.1'B, ="1"90.17 G-090#."1#%, B(0,$' ' $%%16'#"K'%##70 ('5-" $".'%#%& 

'5+%6#7+ 5%06'#0#', ' =1%63$.%& 1"A-%I0#'B. 
 

-556789:;8599<= 
>8?@: 4:A8595B "5=789=98= C65?A6:9?AB=99:D 

E6FGG: 

C:6:3=A6< 
H@=3=9A:695I 
D>=I48, 93 Nd+3 Ti+4 

NaNdTiO4 
P 4/nmm 

(.0.1"4%#"-;#"B) 
a=b=0,37506 

c=1,2824 9 6 

Na2Nd2Ti3O10 
I 4/mmm 

(.0.1"4%#"-;#"B) 
a=b=0,38182 

c=2,8369 12 6 

Nd2TiO5 
P nam 

(%1.%1%92'(05$"B) 

a=1,072 
b=1,1361 
c=0,384 

6 5 

Nd2Ti3O9 
I 4/mmm 

(.0.1"4%#"-;#"B) 
a=b=0,38334 

c=2,4363 12 6 

Nd2/3TiO3 
P mmm 

(%1.%1%92'(05$"B) 

a=0,38335 
b=0,3852 
c=0,77413 

12 6 

Nd2Ti2O7 
P 21 

(9%#%$-'##"B) 

a=0,7677 
b=0,5456 
c=2,6013 

12 6 

 

/1' :%19'1%&"#'' 5-%'5.%, #"#%5.13$.317 '5$"I"C.5B =%-'G617 =3.09 

%6#%&1090##%4% 36-'#0#'B ' 3$%1%(0#'B "$5'"-;#7+ (&6%-; %5' !) 5&BA0, Ti–@. R"$, & 

#"#%5.13$.310 NaNdTiO4 $".'%#7 Ti+4, #"+%6B5; & %$."G61'(05$%9 %$13I0#'' "#'%#%& 

$'5-%1%6", #05$%-;$% 590J0#7 %. K0#.1%& %$."G61%& =% %5' c ' =%9'9% (0.710+ %6'#"$%&7+ 

G$&".%1'"-;#7+ 5&BA0, %21"A3C. 6&0 "$5'"-;#70 5&BA' 1"A#%, 6-'#7: %6#" #09#%4% $%1%(0 

(0,1738 #9), 6134"B A#"('.0-;#% 6-'##00 (0,2541 #9). D 5.13$.310 NaNdTiO4 %6'# #"#%5-%, 

$"90##%, 5%-' A"50-0# .%-;$% '%#"9' Na, 6134%, – .%-;$% '%#"9' Nd. ?5$"I0#'0 %$."G61%& 

&7A&"#% '90##% .09, (.% & 10A3-;.".0 3=%1B6%(0#'B $".'%#%& Na ' Nd A"1B6 90I63 

#"#%5-%B9' =01%&5$'." #0 =%-#%5.;C 5$%9=0#5'1%&"#, =%G.%93 $".'%#7 Ti+4 56&'#3.7 =% 

#"=1"&-0#'C $ #"#%5-%C, 5%601I"J093 Na. D 5.13$.310 %$5'6" Na2Nd2Ti3O10 .1%,#70 

#"#%5-%' =01%&5$'.", 5%5.%BJ'0 'A %$."G61%& TiO6, & %.-'('0 %. %6#%5-%,#7+ 5.13$.31 
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1"A60-0#7 .%-;$% 6&%,#79 #"#%5-%09 NaO. R1' %$."G61", 1"5=%-%I0##70 =% %5' c ' 

%21"A3CJ'0 .1%,#%, #"#%5-%,, '5$"I0#7 & 1"A#%, 5.0=0#'. P0:%19"K'B $1",#'+ %$."G61%& 

#%5'. .%. I0 +"1"$.01, (.% ' & %6#%5-%,#7+ 5%06'#0#'B+, #% K0#.1"-;#7, %$."G61 

60:%19'1%&"# #0A#"('.0-;#% ' &905.0 5 $".'%#"9' Nd #"=%9'#"0. :1"490#. 5.13$.317 

=01%&5$'.", " G.% 35.%,('&%0 %21"A%&"#'0. 

D 5-%'5.%, 5.13$.310 ".%97 Ti %5."C.5B & 6-$%%16'#'1%&"##%9 5%5.%B#'', $"$ & 

=01%&5$'.0, & .% &109B $"$ %$13I0#'0 ".%9%& Nd 9%I0. =10.01=0&".; 53J05.&0##%0 

'A90#0#'0, ' G.% &-0(0. A" 5%2%, #035.%,('&%5.; 5.13$.317. D 5%06'#0#'' 5 .1%,#79 

#"#%5-%09 =01%&5$'." – Na2Nd2Ti3O10 – ".%97 Nd '90C. LV = 12, (.% 6-B 2%-;E'+ $".'%#%& 

G#0140.'(05$' 2%-00 &74%6#%, & .% &109B $"$ & %$5'60 NaNdTiO4 ".%97 Nd #"+%6B.5B & 9-

$%%16'#'1%&"##%9 5%5.%B#''. 

H"A-'('B & 6-'#0 9%5.'$%&%, 5&BA' Na–O, 5%06'#BCJ0, 1"A-'(#70 #"#%5-%' (1'5.7), 

=1' %6'#"$%&%9 $%%16'#"K'%##%9 %$13I0#'' $".'%#%& Na+ (LV = 9) & 5%06'#0#'B+ 5 n=1 ' 

n=3 ."$I0 =1'&%6'. $ 2%-;E0, 35.%,('&%5.' 5-%'5.%, 5.13$.317 Na2Nd2Ti3O10. R"$, & 

5%06'#0#'' Na2Nd2Ti3O10 '900. 905.% 2%-00 5'-;#%0 &A"'9%60,5.&'0 90I63 #"#%5-%B9' 

=01%&5$'." ' $".'%#"9' Na+ & 2-%$0 $"90##%, 5%-', ' 6-'#" 5&BA' 5%5."&-B0. 0,228 #9, & .% 

&109B $"$ 6-B NaNdTiO4 G." &0-'('#" 1"&#" 0,233 #9 [23]. 

 
H'5.7. T1"490#. 5.13$.31 NaNdTiO4 ' Na2Nd2Ti3O10. 

 
/%-3(0##70 G$5=01'90#."-;#70 6"##70 % .019'(05$%, 35.%,('&%5.' 

#"#%5.13$.31'1%&"##7+ 5-%'5.7+ %$5'6%& NaNdTiO4 ' Na2Nd2Ti3O10 5&'60.0-;5.&3C. % .%9, 

(.% =1' %=1060-0##7+ .019%6'#"9'(05$'+ 35-%&'B+ 5.13$.31" =%-#%5.;C 3=%1B6%(0##7+ 

5%06'#0#', 5."#%&'.5B #035.%,('&%, ' 1"A-"4"0.5B =10'93J05.&0##% #" 5.13$.31#% 

1%65.&0##70 :"A7. R"$, '55-06%&"##70 & 6"##%, 1"2%.0 :"A7 H"66-0560#"-/%==01" 5%5."&" 

NaNdTiO4 5 %6#'9 #"#%5-%09 =01%&5$'." =%6 60,5.&'09 &75%$'+ .09=01".31 =10&1"J"C.5B 

& Na2Nd2Ti3O10 5 3.1%0##%, .%-J'#%, =01%&5$'.%&%4% #"#%5-%B, " :"A7 Na2Nd2Ti3O10, & 

Na–O 
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5&%C %(0106;, =1' 6"-;#0,E09 =%&7E0#'' .09=01".317 =010+%6B. & 5.13$.31#7, .'= 

60:'K'.#%4% =01%&5$'." Nd2/3TiO3. 

R"$'9 %21"A%9, =1' &75%$%, .09=01".310 #"#%5.13$.31'1%&"##70 5-%'5.70 .'."#".7 

NaNdTiO4 (5 %6#'9 #"#%5-%09 =01%&5$'.") ' Na2Nd2Ti3O10 (5 .109B #"#%5-%B9' =01%&5$'.") 

5.109B.5B =010,.' & 2%-00 35.%,('&3C 5.13$.313 -'2% =01%&5$'.", -'2% & 5-%'5.3C 

5.13$.313, #% 5 2%-;E'9 ('5-%9 =01%&5$'.%&7+ #"#%5-%0&. F.%. G$5=01'90#."-;#7, :"$. 

6%$"A7&"0. 2%-00 3A$'0 =1060-7 .019'(05$%, 35.%,('&%5.' '5$355.&0##% 5'#.0A'1%&"##7+ 

$".'%#%3=%1B6%(0##7+ 5-%'5.7+ #"#%5.13$.31 =% 51"&#0#'C 5% 5.13$.31%, =01%&5$'.%,.  

P"##%0 '55-06%&"#'0 =%$"A7&"0., (.% =1' &75%$%, .09=01".310 

#"#%5.13$.31'1%&"##70 5-%'5.70 .'."#".7 NaNdTiO4 (5 %6#'9 #"#%5-%09 =01%&5$'.") ' 

Na2Nd2Ti3O10 (5 .109B #"#%5-%B9' =01%&5$'.") 5.109B.5B =010,.' & 2%-00 35.%,('&3C 

5.13$.313 -'2% =01%&5$'.", -'2% & 5-%'5.3C 5.13$.313, #% 5 2%-;E'9 ('5-%9 

=01%&5$'.%&7+ #"#%5-%0&. F.%. G$5=01'90#."-;#7, :"$. 6%$"A7&"0. =%&7E0#'0 

.019'(05$%, 35.%,('&%5.' '5$355.&0##% 5'#.0A'1%&"##7+ $".'%#%3=%1B6%(0##7+ 5-%'5.7+ 

#"#%5.13$.31 =% 9010 3&0-'(0#'B ('5-" #"#%5-%0&.  
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