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Ʀ š²ȚæLǱǶǹƠ²�ȅɇɏɇɊɍȴȞȲīnȚ

øsǴȖǹȐȃɗȍǵɗ�"üǿø� X ĺȚĄǥǹ

ɃȰȻɏȥ(ȚF�ǳǹǞǰȗȃȓȕ Si ȚPȏīnȚ

«ǳǹǞǰȅĵÍȚ BSE (Ȁ SiKαX ĺ(ȅƁȄL

șǶȚKæLƠ²ȃǼǥǾ��ǳǹǞ 

�

ɕ1ɖš²ɚƦ ȤȵȻȜɘFC� 

Ʀ ȤȵȻȜɘɨȅī�ȆǝÀm  600µm ǝÀ|Ʀ

10µm ǝ � a  300µm ǿ Ǥ ȕ ǝ > q ĳ � Ȇ

Si>Al>>Mg ǿǤǻǹɕFig. 1ɖǞɕ0.2ǝ1ǝ5ɔæL

Ơ²ȑMÕɖƦ �ȉǻǹǬÊùȅȑȅȀĢǪl°Ĥǥ

ǾǥȖȑȅȅ�ĠƝǪŗȔȗǹǞÊùȅȑȅȆőƗ

ȃǤȍȕŭ�ǪȂǬȅǻȊȕȀǳǾǨȕǝĻǪmǫǬȐǬ

ȗǤǪǻǾǥȖȑȅǪlǩǻǹɕɨɫɪ. 2ɖǞǷǦǳǹž

�ǿȆǝį 1nm ȚA�ȀǳǾ°ÌƁȂǻǹÔŸǪ

ŚyǱȗǹɕɨɫɪ. 3ɖǞĢȅƋǥǾǥȖȑȅȆőƗȃ

×č�ȅħǪŗȔȗǹǞĢȅSZȃȆ Ca Ȁ S ȅï

ƒǪŗȔȗǹǞǰȗȆĔńɕgypsum CaSO4ɭ2H2Oɖ

ǤȖǥȆĘĔńɕanhydrite, CaSO4ɖȀľǧȔȗǹǞ

2ƏřƂƔnW¤ȹȮɒɏǿȆǝ�ùȅɇɏɇɊɍ

ȴȞȲǪ�Ř3ȃƁȂǻǾǥȖǰȀȚěǴɊɏȥùȅ

ȹȮɒɏǪŚyǱȗǹɕɨɫɪ. 4ɖǞ 

 

ɕɛɖƦ š²ɛƦ ȤȵȻȜɘF 0.2%ſLƠ² 

ȤȵȻȜɘFȅī�Ȇ 10µm (1ȨɏȾɋȅȎ) 

30"ǿɃȰȻɏȥȚŎǻǹǪȤȵȻȜɘFȆŗȔȗȂ

ǩǻǹǞȓȕƥ"ȅ 150"ǿɃȰȻɏȥȚŎǻǹȀǰȘ

�ǩ ȅȎȤȵȻȜɘF ȚęŤǳǹǞ�ȀȆæǲǻǾ

ǨȔǵǝA�ǿp`ǳǾǥǹǞ 

 

ɕɜɖš² 3Ʀ ȤȵȻȜɘF 1%ſLƠ² 

ȤȵȻȜɘFȅī�ȆÀmƦ 100µmǝÀ|Ʀ 30µm 

30"ǿɃȰȻɏȥȚŎǻǹȀǰȘǝ5,6ǩ ȃȤȵȻȜ

ɘF ǪŚyǱȗǹǞǷȅǦǺ�ɐ ȃǾȓȕƥ"ǿɃ

ȰȻɏȥȚŎǻǹǞȨȞȬȅm|ȃǩǩșȔǵǝȋȌ

A�ǿp`ǳǾǥǹǞ 

 

ɕɝɖƦ š² 4Ʀ ȤȵȻȜɘF 5%ſLƠ² 

ȤȵȻȜɘF ȅī�Ʀ ÀmƦ 150µmƦ À|Ʀ 50µmƦ

�aƦ 100µm 

30 "ǿɃȰȻɏȥȚŎǻǹȀǰȘǝlǬȅȤȵȻȜɘF

ǪŚyǱȗǹǞǷȅǦǺȅ�ɐ ȃǾȓȕƥ"ǿɃȰ

ȻɏȥȚŎǻǹǞȨȞȬȃǩǩșȔǵȋȌA�ǿp

`ǳǾǨȕɕɨɫɪ. 5ɖǝǴǫȍȃƠ²Ț,=ǳǾǥȖȑ

ȅȑŗȔȗǹǞ 

�

ɕɞɖƦ š² 5Ʀ ȫɆȤȲɏ STC� 

ȫɆȤȲɏ ST ȅī�ȆǝÀm 200µmǝÀ|Ʀ 10µmǝƦ

�a 100µmğ�ǿǤȕǝ>qĳ�ȆǝSi>Mg>>Al

ǿǤǻǹɕɨɫɪ. 6ɖǞ ɕ0.2ǝ1ǝ5ɔæLƠ²ȑMÕɖƦ  

ȋȀțȁǪÿùǿǝőƗȃ�ĲȂŭ�ǪŗȔȗǹǞ

§mǴȖȀȫɂɏȪù�ǳșùȅÔŸȚGǻǾǥȖǰ

ȀǪ/ǩȕɕɨɫɪ. 7, 8ɖǝǳșȅBǱȆǝ10 nm ğ�

ȅž�ȑȎȔȗǹǞ2ƏřƂƔnW¤ȹȮɒɏǿȆǝ

¤ȕǹǹȍȗǹǳșùȅȨɂɒȴȞȲȓȕȂǻǾǥȖǰ

ȀȚěǴɊɏȥùȅȹȮɒɏǪŚyǱȗǹɕɨɫɪ. 9ɖǞ 

 

ɕɟɖƦ š² 6Ʀ ȫɆȤȲɏ ST 0.2%ſLƠ² 

ȫɆȤȲɏ STȅī�ȆǝÀmƦ 15µmǝÀ|Ʀ 15µmǝ

�aƦ 15µm 

30 Ǩȓȇ 60 "ǿɃȰȻɏȥȚŎǻǹȀǰȘǝ�ǩ 

ȅȎȫɆȤȲɏ STǪęŤǿǫǝȁǺȔȑȋȌA�ǿp

`ǳǾǥǹǞ 

 

ɕɠɖƦ š² 7Ʀ ȫɆȤȲɏ ST 1%ſLƠ² 

ȫɆȤȲɏ STȅī�ȆǝÀmƦ 80µmǝÀ|Ʀ 10µmǝ

�aƦ 50µm 

30"ǿɃȰȻɏȥȚŎǻǹǞ°ǩ ȃǾȫɆȤȲɏ ST

ǪęŤǱȗǝǷȅǦǺ�ɐ ȃǾȓȕƥ"ǿɃȰȻɏ

ȥȚŎǻǹǞȨȞȬȅm|ȃǩǩșȔǵǝȋȌA�ǿ

p`ǳǾǥǹǞ 

ɕɡɖƦ š² 8Ʀ ȫɆȤȲɏ ST 5%ſLƠ² 

ȫɆȤȲɏ STī�ȆǝÀmƦ 80µmǝÀ|Ʀ 10µmǝ�

aƦ 50µm 

30"ǿɃȰȻɏȥȚŎǻǹǞƦ mƃȅȫɆȤȲɏ STǪ

ęŤǱȗǝǷȅǦǺ�ɐ ȃǾȓȕƥ"ǿɃȰȻɏȥȚ
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š²ȃȓǻǾȑ�ǪǤȖȀľǧȔȗǹǞȍǹǝȤȵȻȜ

Ȇ�ùȃƁȂǻǹÊùÔŸȚěǳǝȫɆȤȲɏȆȫɂ

ɏȪùȅÔŸȚǳǹ|bÿùÔŸȚěǳǾǨȕǝǷ

ȅhÔŸȅBǱȆǝ° nm~10nm ǿǤǻǹǞǱȔȃǝ

ȤȵȻȜȆĻǪȐǬȗǤǪȖÔŸǪŚyǱȗǾǨȕǝ

ŌǥėõȑPȍȗȖȀľǧȔȗǹǞ 

Ʀ �Wtµǳǹ>qĳ�ȅÑŝǿȆǝȤȵȻȜȆȦȞ

ıȃǼǥǿȜɋɄȵȟɅǪlǬǝȫɆȤȲɏȆȦȞıȃ

ǼǥǿɃȤȶȩȟɅǪlǬPȍȗǾǨȕǝĳ�ǪĉȂ

ǻǾǥǹǞ 
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u 10µm ğ�ǿǤȖǪǝǷȗǸȗǪǝ° nm~10nm 

ȅ�ù�hùȅÔŸ÷ǿǤȖǰȀǪęŤǱȗǹǞȍ

ǹǝǰȅ�ǼȅȴȷȤɌȞȃPȍȗȖ>qĳ�ȃȆď

żǪȎȔȗǹǞ�
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Fig. 1 !"#$%&'()*+ STEM ,-./0123 

45678Si>Al>>Mg 9:;<=> 

!" !#$%&'!()*+, !-./!!01/!23/!!!!456!!!-./!)78+9!!!!:!!!!
!; ! ! !!!!!!<=>?@!

AB!: !@>C<@!!!DDEE><@ !D>=C !!C>FC!!!E>GG !ABD; !!!E>HH!!!C><< !@>@H=?!
IJ!: !@>D?E!!!@=GD>?? !D>@? !!C>FG!!!?>HG !IJ; !!!E>?F!!!C>ED !@>CFFC!

KL!: !@><=F!!!G<FG>?@!!@C>?E !!C>=F!!@D>HG !KLD;E!!@G>=G!!!@><D !@>C<?D!
MN!: !@>HEG!!D<HE?>E=!!DF>E@ !!@>C@!!F@><E !MN;D !!?F>D=!!!E><C !@>CCCC!
M!!: !D>ECH!!!D<@D>?C !D>=G !!@>CD!!!?>GC !M;E !!!H>D@!!!C>EE !@>@D?@!

OB!: !E>FGC!!!EHFE>@@ !<>?D!!!C>H=!!!H>EG !OB; !!!F>ED!!!C><@ !@>@D==!
P%!: !F>EG=!!!@<?E>C< !D>EC !!C>G@!!!D>HC !P%; !!!D>GF!!!C>@? !@><GCC!

5Q ! !(((((@CC>CC ! !@CC>CC ! !!@CC>CC!!F><F !!
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