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 Phenacite Group Phenacite, Willemite

 Olivine Group Forsterite-Fayalite

Garnet Group
Pyrope, Almandite, Spessartite, Uvarovite, Grossular,
Andradite

 Aluminosilicate Group Andalusite, Sillimanite, Kyanite

Chondrodite, Norbergite, Humite, Clinohumite

 
 
  Nesosilicates
 
 
  Humite Group

Datolite, Titanite (Sphene), Chloritoid

 Sorosilicates
Hemimorphite, Lawsonite, Vesuvianite (Idocrase),
Ilvaite 

  Epidote Group Clinozoisite, Epidote, Allanite

 Cyclosilicates
Axinite, Beryl 1, 2, Cordierite, Tourmaline1, 2, 3,
Benitoite, Diaptase

 Pyroxene Group
Enstatite-Ferrosilite Series, Pigeonite, Diopside-
Hedenbergite-Augite Series, Jadeite, Aegirine,
Spodumene

 Pyroxenoid Group Wollastonite, Rhodonite, Pectolite
 
  Inosilicates
 

 Amphibole Group
Anthophyllite, Cummingtonite-Grunerite Series,
Tremolite-Actinolite, Hornblende, Glaucophane-
Riebeckite
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 Serpentine Group Antigorite, Chrysotile, Lizardite

Kaolinite, Illite, Smectite Group (Montmorillonite,
Beidelite, Nontronite, Hectorite, Saponite), Dickite,
Nacrite, Halloysite

 Clay Mineral Group
 

Talc, Pyrophyllite

 Mica Group Muscovite, Phlogopite, Biotite, Lepidolite, Margarite

Chlorite

 
 
  Phyllosilicates
 
 
 

 Chlorite Group
Apophyllite, Prehnite, Chrysocolla (mineraloid)

 Silica Group
Quartz 1, 2, 3, 4, 5, 6, 7, 8, 9, Tridymite, Cristobalite,
Stishovite, Coesite, Chalcedony 1, 2, 3, Opal 1, 2, 

 Feldspar Group  

 
 Alkali Feldspar
Series

Microcline, Orthoclase, Sanidine

 
 Plagioclase
Feldspar Series

Albite, Oligoclase, Andesine, Labradorite, Bytownite,
Anorthite

 Feldspathoid Group
Leucite, Nepheline, Sodalite, Lazurite, Petalite,
Analcime

 Scapolite Series Marialite-Meionite

 
 

  Tectosilicates

 
 
 

 Zeolite Group
Natrolite 1, 2, Chabazite, Heulandite, Stilbite,
Phillipsite, Scolecite, Thomsonite, Harmotome,
Gmelinite, Laumontite
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�� ���k��� (a - e) b��
����`���a�����������e��������������b�����������l d�������
e�e����f� 3 ���� �����g`���

����e��
��]^
_������
����`���a�����������e����������
����b��� m^���n����je
����e����geg�d���g���� 67 e� 81

(a)

(b)

        B0 +  DMF B0 +  NMP   B0 +  DMAc

        B0.5 +  DMAc B0.5  +  NMP   B0.5  +  DMF
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(c)

(d)

        B1 +  NMP B1  +  DMF   B1  +  DMAc

        B1.5 +  NMP B1.5 +  DMF   B1.5  +  DMAc
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(e)
�o���� 1a  (a) p (e) ���k���e�
_h�
����`���a���������������b���
eq�` B e� BA d�������

e�e�� DMF DMAc e� NMP

        BA0.5 +  NMP BA0.5  +  DMF   BA0.5  +  DMAc
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������b���`o�rs�
i����a����������� B0 �g�����b����r����� ��u�
��]^
_�
ag�`oe�
����
��
��b���e�
���`q�a��c`�e
qe c��d�g���b����r������ag���
���qg����d�gc`�e
qe
�
��
��b���e�
���`q�e��
��
���o�
ev�b��
��a^f�  c`�e
qeko

���qg���
b�����vf���bo�
b������g� ���d�gb�`��k���`o�rs�
i����a��b����g��

��b���e�
���`q�����
����
��a����e�
�`o�rs�
i���� ����� ��������� B0 b���`o�rs�
i����
���v�a�� Si-OH ����eawev�� 3700-3200 cm

-1 �`o�
rs�
i����
���v�a�� Si-O ����eawev�� 1083-1018 cm-1 �`o�rs�
i����
���v�a�� Si-O-Si ����eawev�� 1096
e� 1021 cm-1 �`o�rs�
i����a�� R-O-Si (R=Al, Mg, Li) ����eawev�� 621 cm-1 �`o�rs�
i����a�� Al-O-
Si (Al is octahedral cation) ����eawev�� 523 cm-1 e��`o�rs�
i����a�� Si-O-Si ����eawev�� 464 cm-1

����b���`o�rs�
i����a���������������b��� B1 ����� ����eawev�� 3700 cm
-1

b���`o�rs�
i����
���v�a�� Si-OH ����eawev�� 1083 cm-1 b���`o�rs�
i����
���v�a�� Si-O ����ea
wev�� 523 cm-1 b���`o�rs�
i����  Al-O e�����eawev�� 464 cm-1 b���`o�rs�
i����a�� Mg-O e�
�`v������b���`o�rs�
i����a����e�m�ecr���c�w�`c�b��������`�������������b������� B0.5  B1

e� B1.5   d����`�h 3%  ����� ����eawev�� 3700 cm-1 b���`o�rs�
i����
���v�a�� Si-OH ����ea
wev�� 1083 cm-1 b���`o�rs�
i����
���v�a�� Si-O ����eawev�� 523 cm-1 b���`o�rs�
i����  Al-O e�
����eawev�� 464 cm-1 b���`o�rs�
i����a�� Mg-O ����
��

��

������b���`o�rs�
i����a���������������b��� e���e�m�ecr� - ���
��������c�w�`c�b������� �`o�rs�
i�������b��`��eawev�����������������
�� b�������e�m�ecr
� - �����������c�w�`c�b��`��������������b���jb`��o����d���vf�a����e�m�ecr�����
�����b�`��k����b���`o�rs�
i����a���������������b�����g je
����b���`o�rs�
i����������
��������������e�m�ecr� - �����������c�w�`c�b��������`�������������b�����������
��
(B0.5, B1 e� B1.5) b��je
����b��d��o����  1w
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�o���� 1w �`o�rs�
i����a�����������e���e�m�ecr�- �����������c�w�`c�b��

B1

PSF

PSF+3%B1

PSF+3%B1.5

PSF+3%B0.5




