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���(KxMn8−−−−xO16): �����	
��
(OMS-2)

��� � � � � �	

(��������	
���, �� 100871. E-mail: ahlu@pku.edu.cn)

�� �����, ���	
��
����
��(KxMn8−xO16). ������������
�

�
MnO2�� 90%!", K2O���# 3%, �$�% 2.2%~3.1%, &'#()�$�. ��*+,

a0 = 0.9974 nm, b0 = 0.2863 nm, c0 = 0.9693 nm, β = 91.47°. -[MnO6]./�012�3��45678

79% 0.462 nm�0.466 nm, :-K+
;< �
. 
��
�=,
%Mn4+, >�Mn3+?@Mn4+A7

8
 K+������. BCDEFGHIJKLM#N
��OPQ�)�RS���T, U�V

�W XYZ
[\G]^�_`./�abc(OMS-2)��Rde.
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39 KxMn8−xO16, �. x�� 0.2~1.0!�[14,15]. �W
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�[MnO6]������^��� 3�3 �LN���

�
��9������-1 
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ª«[20]6i³´ª«µo���¶U�·	�¸.

),-.��
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¢9+½¾
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1 ����

6ÐnÑÒÓ
�9x��
�ÍÎ+lmn

oÔ�ÕÖ, �.BC
�Æ×ØÙ 23°ÚÛÜ 1500

km, nØÝ 220 km Þß�à, BCáâ9 50~60

m[21]. ÒÓ
��/� 1913*, �ã�[ 35 km2, �

����, ��?�ä. ÒÓ
�åYæç
0èY

BC
éê$^�S, �ëì9íîìc0ïc, ð

ì9ñc . åYæç
òtóôõö÷ø�\	�
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, áû 40~50 m. Ãè~\.
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��Ê9C�^� , :;�

�<=�>9 1 µm, ?@9 2%, �AN�H� 1. 
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� 1 ���������	
�(%) a)

�� MnO2 K2O Na2O CaO BaO SiO2 Al2O3 Fe2O3 MgO Cr2O3 P2O5

No1 93.65 3.05 0.22 0.22 0.08 0.07 0.00 0.00 0.00 0.21 0.21

No2 91.19 3.19 0.43 0.20 0.03 0.42 0.46 0.09 0.00 0.49 0.49

No3 91.17 3.21 0.35 0.51 0.14 0.21 0.11 0.30 0.00 0.01 0.40

No4 91.89 3.35 0.22 0.15 0.21 0.00 0.06 0.00 0.00 0.24 0.23

�� TiO2 SO3 CuO PbO ZnO CdO HgO AsO CoO NiO ��

No1 0.00 0.00 0.00 0.01 0.08 0.00 0.00 0.00 0.00 0.00 97.80

No2 0.00 0.43 0.00 0.00 0.00 0.00 0.01 0.18 0.00 0.00 97.61

No3 0.08 0.50 0.37 0.09 0.00 0.00 0.00 0.26 0.01 0.00 97.72

No4 0.07 0.11 0.00 0.00 0.16 0.00 0.00 0.00 0.00 0.20 96.89

a) ����	
(��)
������. No1, No2�� No3, No4����������� �!"#
$�

�����MnO2��� 90%	
, K2O���� 3%,

�
� Na2O, CaO, BaO�, Fe, Al, Si, Ti, P, S���

��. Cr, Hg, Cd, Pb, As, Cu, Zn, Co, Ni�����

�����
. ���� 100%, �� 2.2%~3.1%�

������� � . !���� �"#$%�

&�'( [11]. )*!��+,�-./-0123

40��, 567*8�9.

!��:;��<(= K+>?, �@A Mn B

Mn4+, =�CDEFGHIJ , KLMN�O�

Mn3+. Mn2+PQRS�TU!��:;�[24,25], 


�Mn3+VWMn4+.<(� K+KLAPXY. Z[!

��\]!��^_ K, 56!�� Mn F�`�

Mn3+. MnF�aKLA�b�� 8, c]`�aKL

dFef. !��� Mn3+.dFef�`�7�g

�hi8�jk.

Z[!��!��Cl01mno:

No1 (K0.469Na0.051Ca0.029Ba0.003)0.552(Mn7.800P0.021Cr0.019

Si0.008Zn0.006)7.854O16pnH2O,

No2 (K0.490Na0.101Ca0.026Ba0.002)0.618(Mn7.571Al0.064Si0.051

P0.050Cr0.046S0.040As0.014Fe0.008)7.844O16pnH2O,
No3 (K0.494Na0.082Ca0.066Ba0.006)0.648(Mn7.606S0.046P0.040

Cu0.034Fe0.027Si0.026As0.021Al0.016Ti0.006Pb0.003

Cr0.002)7.827O16pnH2O,

No4 (K0.522Na0.053Ca0.019Ba0.010)0.603(Mn7.750P0.024Cr0.022

Ni0.019Zn0.014S0.010Al0.008Ti0.006)7.853O16pnH2O.

gq RIGAKU, D-MAX 2400 seriesrb D/max

rA r X stuCvsw, 3xy�z{|$}�!

��b~����}^!��T��� . ����

7B: Cu Kα, �� 40 kV, ����B 2.0°/min, �

� 0.02°, DS = 1°, RS = 1°. h�"��� 120 mA,

���� 3.0°~65.0°, �� RS = 0.15 mm, ����

80 mA, ���� 3.0°~70.0°, �� RS = 0.16 mm. �

3�:�. PDF ���!��vsA�T�yQ,

n5 2��.

�P3�:�56 ,  ¡¢£¤��)���

�z{|$¥}�¦§8�� , ¨¢¤©~���

��ªF8�� , *«¬­Z[!��!��.

PDF���®¯!��vsA��B°±, ²h. d

³B 2.40 �®¯!��´kµ¶·¸3¹º. »¼

!�����½¾�¿�À.Ág���Â
.

ÃÄÅÆÇquÈvsA�É�0� Pirum Ê

�y[!��!��CËÌAT�ÍÎ . ÅÆÏ�

·B 23�, ÍÎÐÑ·B 31�, h�� 20�Ï�·

�É�0.ÐÑ·*«, Òh sin2θ hkl�Ï�³bÐ

Ñ³ÓÔ�ÕÖ7O� 0.0005. ×ØZ[!��\

]!��CËÌAB: a0 = 0.9974 nm, b0 = 0.2863 nm,

c0 = 0.9693 nm, β = 91.47°, V = 276.66Ù10−3 nm3.

y[!��®¯CÚ\]!��Cl:;�Û

ÜÝÞ 1. h�`�»ß<(�r, *ß¢IàáG

<(, ÐÑh<NB 0.275 nmÙ0.275 nm. â*ß¢

=[MnO6]ãHläå;2���æáG<( , ÐÑ

h<NB 0.462 nmÙ0.466 nm. .#$º2�áGC

Ú!���»ß<(<N 0.278 nmÙ0.278 nm b

0.471 nmÙ0.471 nmPQ[15], [!��®¯CÚ!�

�<(<Nç�èO.

éêëG¸3ìí�î0!�ïðñòóôõ
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üÛ� [21]. F�ýö�Z[!�I¥þ�!�Ä¥

î0!�î0�� , Å�
¢!�����	��

�
4�� , �I¥�!� MnCO3 3
BG!�

MnO b CO2, î���	�G!��î0B�!�

Mn3O4, �!��î0B !� MnOOH. ¦�î�

�T*�j| ,  !����ª`���o���
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� 2 ��������� PDF 	
��
���������� a)

���� ����� 	
��
��
��

d/Å I/I0 d/Å I/I0 d/Å I/I0 hkl

1 6.997 65 7.025 41 7.007b) 30 101

2 4.935 49 4.933 33 4.977 b) 28 200

3 3.484 15 3.507 10 3.485 b) 32 004

4 3.123 61 3.132 39 3.122 b) 51 301

5 2.493 17 2.464 80 2.485 12 400

6 2.401 100 2.400 100 2.400 b) 100 211

7 2.334 18 2.349 38 2.332 5 303

8 2.203 17 2.225 12 2.225 2 402

9 2.157 31 2.142 40 2.158 b) 21 310

10 1.836 27 1.832 17 1.840 b) 12 411

11 1.821 24 1.825 13 114
12 1.654 13 1.650 50 1.657 b) 25 600

13 1.642 14 1.643 48 1.632 2 413

14 1.623 14 1.625 2 314

15 1.605 9 1.607 1 015

16 1.543 32 1.545 17 1.543 b) 16 512

17 1.426 24 1.422 3 611

a) �������������������� X� !"; ��������#$%�&�' X� !"; b) (��
��)*+,

� 1 ���������	
�� b 
�� Mn-O ��

	��������

������: ��	
���	
�
�	
�

�	. ��������	���� MnO2�. ��

�������� !" , ��	#$%��	&

�'���[26].
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	. �;<=>?@ 23°AB.�/�	�, CD�

�	EF#�GHI3JKLMN�OPQR , S

TUVW'XY���	EFZ[.

3 ��
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k)�lm��	 . h4no�pqKrstuv
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�;<=>|}�~pXY����������

	1EF��	.

����	�����a Mn-O ������

�������� K+�	1���, ��v��*

������0�����a Si-O �������

������� Na+: Ca2+���V ¡¢£¤�

	1���. ����	¥���0�¦, �§�¨

©q, ª��	��§' 0.46 nm, �«¬�0��

§� 0.23~0.52 nm­®. ¥�0��B Na+: Ca2+¯

���, ��	��B K+¯�°¥�±�q�¯�

��²³R¤ . �&��	�z�´µ�v¶·S

�¸¹º Mn �°»¼½¹º O &�~½���.

�¾b� . ��	 (OMS-2)��¿ÀvÁÂ�	

(OMS-1)��. ÃV��	�'ÄÅÆÇ)����
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