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Pr, Mn o��m BaTiO3 "b�y=k4�h<0W^T�XY`�a[℄�_ZU�\bV
(MKILQJP RSNPO�MKI 150001)B :�<u,� - ���2�ZV BaTiO3 � Pr, Mn b5BÆx�5��B�.Lq BaTiO3 pY	W-�Q's� Pr BÆ}KV BaTiO3 pYqS�~Ld(�Æ 1.01×105Ω·m; � Mn BÆKS�~LdD2Æ

1.50×1013Ω·m. f Pr ℄ Mn q�5B��}�w BaTiO3 pYqS�~Ld, 1.08×103Ω·m ℄ 1.29×105Ω·m.

Pr-Mn ?� BaTiO3 pYO/Z{Eq NTC ?o	 XRD $�'s� Pr p Mn BÆ-1}.$ BaTiO3 pYq�5�B�f( Pr-Mn ?�d�O/ZDh`� BaMn0.12Al1.88O4 ℄ Al8Mn4Pr qt�)	 XPS $�'s��5���K Pr, Mn, C �b�B�kpYxz�-K8hP�b'�q�`:�GF	 SEM ?W�Q's� Pr, Mn �5B�KpY'ns,.I�%QCG	 �Q	$33���=d(�	{ � d�Uf�� ���5B�� NTC ?oF%q�~�O614 ).Z���A

Effect of Gaseous Penetration of Pr, Mn into BaTiO3 Ceramics on

Structure and Electrical Properties
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Abstract: Pure BaTiO3 ceramics and Pr, Mn-doped BaTiO3 ceramics were prepared by a sol-gel

method. The pure BaTiO3 ceramics were modified by the penetration of Pr and Mn in gaseous state,

their structure and electrical properties were studied. The results show that the resisitivity of Pr-doped

BaTiO3 ceramics is decreased to 1.01×105Ω·m, the resisitivity of Mn-doped BaTiO3 ceramics is increased

to 1.50×1013Ω·m, while both Pr and Mn penetration can decrease the resisitivity of BaTiO3 ceramics

evidently, which is 1.08×103Ω·m and 1.29×105Ω·m, respectively . The Pr-Mn penetrated BaTiO3

ceramics show a distinct NTC effect. The XRD results show that the perovskite structure of Pr or Mn

doped BaTiO3 ceramics does not change obviously, but there are new peaks of BaMn0.12Al1.88O4 and

Al8Mn4Pr in Pr-Mn penetrated BaTiO3 ceramics. The XPS results show that Pr, Mn and C element are

penetrated into BaTiO3 ceramics, leading to the binding energy of modified BaTiO3 ceramics increase

and their stability improve. The SEM results show that Pr and Mn penetration can improve the surface

state of BaTiO3 ceramics, the grains become finer and grow more integrally than pure BaTiO3 ceramics,

the porosity are decreased visibly.
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5 � Wb��s� Pr, Mn ���Æ BaTiO3 pY�B�~L}qr9 817^ La2O3 C�9�x BaTiO3 r[r9��
��
La2O3 �/% BaTiO3 {�y��uM70z-Br�*^S*Rv�� Dy2O3 j}� BaTiO3 &� ����r[&R&i�>3/MO%riR%4Cm�/6�
��M^v3x��
"EzM [7−9]. �
XZ��4rm1�9i�abK
7/6^v3 PTC �p [10,11], |TT� [�d
Mn�V �Fe �Cu ^ Cr urC�9no3r PTCuM [12]. �;R=v6C�^�6CAV:!�� BaTiO3 r["J Pr ^ Mn /MX.��/M
BaTiO3 r[:_rOI��C��M~r%iy
PTC uM"JX.�
2 �8
2.1 _A BaTiO3 #iEX=v-� - �����v� Ba(Ac)2: Vh_�WÆ Pr(Mn)=1:1:0.003�1-���T�)*1 24h, ���} 80◦C b1 24h, Xue9��*}
300◦C �� 1h, �E- 800◦C �� 2h, &eI&I#�'y)S3IF�1��} 1300◦C 9� 2h, "ol Pr, Mn C�r BaTiO3 r[�
2.2 ,&n BaTiO3 #i�/
�v Pr ^ Mn %*�k3�rW BaTiO3 r["J�6CA�CAz�ÆCA�
� 860◦C, CA�
� 2wt%, CAI�� 4h.k3�r Pr, Mn /M BaTiO3 r[r℄�![
( 1.

2.3 v5 BaTiO3 �z>5�^�=vjO Keithley g�z1=^r 2400 #`_n��M�Xg�X℄�r)b�Me�%��Me�X℄T�- 850◦C ��{�=v*�LR
D/max-γβ F X =3Z=g�X[r[r�C��Xz�Æ Cu [v�Gwd5���S 40kV, �b

50mA, DS 1◦, SS 1◦, RS 0.15mm; =v Axis Ultra F
X K�G~�g�X[r[r�dOI��Xz�Æ Al �� Ar KG 3kV Æ=�Æ=I� 2min, Æ=ou 4mm×4mm, �b 1mA; v*�*O4q�+ (S–570 F) J�[r[rHh��e�S 20kV,M=� 40◦.

3 �|�$Æ
3.1 Pr, Mnv5 BaTiO3 #l5�� Pr, Mn /M BaTiO3 r[rT��Me"J[�X��R/( 2 kN�x( 29% PrC�~t-�x BaTiO3 r[rT��Me�xW BaTiO3 r[r 1.01×1012Ω·m )�� 1.01×105Ω·m; � Mn C�� BaTiO3 r[rT��MezE3Rv��MeE3� 1.50×1013Ω·m.g Pr, Mn �d�6CA�~z��x BaTiO3r[rT��Me�%*)�� 1.08×103Ω·m ^
1.29×105Ω·m, Pr, Mn �AeT��Me)��
2.56×104Ω·m. J79%��6CAQz��x
BaTiO3 r[T��Mere:!��9:+zB�d�N/ Mn, ~/6 PTC- uM�g~IaE3�Merg��� Pr, Mn �A BaTiO3 r[r%��Ma"J[�X��X�R/� 1 kN�x� 19i5lt-r NTC "3�|T�6CAol[0z|F NTC �prr[:_���_�k�Æ�6CAQe6�:�drCATK��A}8R[ Pr, Mn �d��kVz C �d����CATK8 C �da�CAlr[y{�x} C ri�MTZ�kii/�Met-)��.x} C _�}&�iy;%(8�iD�
E3�&Rm��{S C, Lo&��M�=�℄�P0t-r NTC�p�
3.2 Pr, Mn v5 BaTiO3 #i XRD r+[ 1 Pr, Mnt3 BaTiO3 !ag9�Y~

Table 1 Sample number of Pr, Mn modified BaTiO3 ceramics

No. 1 2 3 4 5 6

Type of BaTiO3 Pure Pr-doped Mn-doped Pr-penetratd Mn-penetratd Pr, Mn-penetratd[ 2 Pr, Mnt3 BaTiO3 !ag�'jG
Table 2 Room temperature resistivitiy of Pr, Mn modified BaTiO3 ceramics

No. 1 2 3 4 5 6

Resistivity/Ω·m 1.01×1012 1.01×105 1.50×1013 1.08×103 1.29×105 2.56×104
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818 � s 8 ℄ P � 22 1U BaTiO3 oXhw Pr, Mn Ap BaTiO3 oXp XRD Æ�.� 2 jM�w� 2 8$�A Pr o Mn �ap BaTiO3oX2�Yy�aY BaTiO3 ps�(�iyN.CpY<(�Aiy-#oXp�4�A�YV,�4A? BaTiO3 oX�Apq8� PrA? (4#) w Pr-Mn >? (6#)BaTiO3 oX!IY
XRD >V�	� 3.w� 3 8h4N� BaTiO3 oX�' Pr �4A?�BaTiO3 oX0T?�Ap?(,iy�B#g�*PN.Y BaAl2O4 p2�( (28.281◦,

34.317◦ \ 57.814◦)hw��( (40.114◦ \ 19.602◦),#rYoX5y BaAl2O4 ^���d�P,0P�4A?�Hp��P�8�H;tp�f& Al2O3j.�8	 Pr �4A?,iy-# BaTiO3 oXp0T?�A�`�y~ Pr �ayGpY<(N.�℄r?0p:W Pr �a8|^�|$��w

� 1 Pr, Mn ?� BaTiO3 pYq�	 - ~Ld!2
Fig. 1 Relation of temperatue and resistivity of Pr,

Mn-penetrated BaTiO3 ceramics

� 2 Pr, Mn BÆ BaTiO3 pYq XRD ��
Fig. 2 XRD patterns of Pr, Mn-doped BaTiO3 ce-

ramics

� 3 Pr, Mn B� BaTiO3 pYq XRD ��
Fig. 3 XRD patterns of Pr, Mn-penetrated BaTiO3

ceramics� 3 `8h4N� BaTiO3 oX�' Pr-Mn >?�BaTiO3 oX0T?�Ap?(`iy�B+A#g�eQYy BaAl2O4 pY<(^���j�>jYCg_� BaMn0.12Al1.88O4 \ Al8Mn4Pr ps�(�#)� 40.402◦ \ 28.198◦, �ACg_�p^�℄r Pr �a\ Mn �a!0YoXw"�,~oXN��BY,�n�BHYCpg_��w\℄r�?0 BaTiO3 oX5p Pr \ Mn �a�a6#�oX$�S�/�<6#!0$4�,~�l�a�fQt�GHh��g_�?pC4�
3.3 Pr, Mn s2 BaTiO3  `f XPS p* Pr A? BaTiO3 oX!IY XPS >V�>V�P57�aUW	& 3. Y�Q C �'p8|�\
!IY Ar JE<�p>V�P�#��w& 3 8h4N��!IY Ar JE<)|�>j C �ap^��℄r�4A?SJJn C �a!0YoXw"� C �aD�|A?V|5p�T�w| XRD p>V�P5�|�j~ C 4Gpg_����oXp?^�A`iy�B-#�8h�� C �a?^#2|$�ooX�<5�0$4DBq8�}H�̀ �>j Pr�a�℄r�4A? �8h�gO�al0oXwy�[ 3 Pr 	� BaTiO3 !aFx?�}�q\[

Table 3 Element content of Pr-penetrated

BaTiO3 ceramics

Element C1s Pr3d Ba3d Ti2p O1s

Before penetr-
87.86 0.22 0.39 0.59 10.94

ation/%

After penetr-
91.67 0.34 0.86 0.88 6.25

ation/%
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5 � Wb��s� Pr, Mn ���Æ BaTiO3 pY�B�~L}qr9 819

� 4 Pr B� BaTiO3 pY6 Pr ℄ C �bq�`}
Fig. 4 Binding energies of Pr and C in Pr-penetrated BaTiO3 ceramics

� 5 Pr B� BaTiO3 pY6 Ba, Ti, O �bq�`}
Fig. 5 Binding energies of Ba,Ti, O in Pr-penetrated BaTiO3 ceramics

� 6 V BaTiO3 � Pr, Mn ?� BaTiO3 pYq SEM �	
Fig. 6 SEM images of pure BaTiO3 and Pr, Mn-penetrated BaTiO3 ceramics

(a) Surface of pure BTO; (b) Cross-section of pure BTO; (c) Surface of Pr, Mn-BTO; (d) Cross-section of Pr, Mn-BTO
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820 � s 8 ℄ P � 22 1
Pr A? BaTiO3 oX5 Pr \ C �ap�_|#�Æ�	� 4, Pr A? BaTiO3 oX5 Ba � Ti\ O 29�ap�_|#�Æ�	� 5. w� 4 8	�<� Pr � C U9�ap�_|�0�iy�B-#�8h!d5$��U9�a�-K

BaTiO3 oXw"5p^��w� 5 8$� Ba �
Ti \ O 29�ap(�:{fY� 2 5��z�_|��a 2eV P{�℄r�4A?JnoXy7gO�a&�p�_9�FE�U BaTiO3oXy����KpQt�
3.4 Pr, Mn s2 BaTiO3  `f SEM p*U BaTiO3 ~ Pr, Mn >? BaTiO3 oX!IY&m\�m3p�.� 6jM�(a)U BaTiO3 &m� (b) U BaTiO3 �m� (c)Pr, Mn >? BaTiO3&m� (d)Pr, Mn >? BaTiO3 �m�w� 6(a) 8$�U BaTiO3 oX&myU;p�S.;�6P#202��<�a�w� 6(b) 8h�.oXwy~&m��H`�$P�a�y�S���a6#$PL`� 20µm P{�$P�$�a�oXy60D.l�w� 6(c) \ 6(d) 8h4N�oX&mp2�K���.l�yj�a�oXy6$PBF9���L��P��22���<yj'��
4 �Æ

1. Pr, Mn �4A?|y>�v BaTiO3 oXpR�}K��J BaTiO3 oXDBY NTC >n�
2. XRD #�&r� Pr o Mn Aiy-#

BaTiO3 oXp�4�A�e' Pr-Mn >?�N

.YCg_� BaMn0.12Al1.88O4 \ Al8Mn4Pr ps�(�
3. XPS#�&r��4A?J Pr\ C !0YoXw"�J7gO�a&�p�_9�FE�,h.Y-KoX7\}Kp�vhw NTC >npDB�
4. SEM>V�P&r�Pr, Mn�4A?�oX&mr+-H�$PBF���P�#22���<yj'��℄�(-
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