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Á� |^7f�éºÿpØC�Ú-1V¡\9Eâ, ±²700℃9?n��3��xì7>

è���¬�SiO2 �¬, 30—4GPa, 1000—1300K§Ø^�emÐÓÚË�X��û�� ÿÁ

(EDXD�{), ïÄ�¬�SiO2 3p§pØ^�e�(¬=C�ª. ÿÁ(JL², 30.8—2.4GPa,

1000—1300K§Ø^�e, �¬�SiO2 =C¤α-�=�β-�=½��=, Ù(¬§Ý�~Øe�¬

�SiO2 ¬z¤I§Ý²w�$, L²Øåk|uü$�¬�SiO2 =C�¹zU, ¿�~Øe�(¬�

ÔØÓ. 33—4GPa, 1300K§Ø^�e, �¬�SiO2 Ú�=þ=C¤
��=.

'�c �¬�SiO2 p§pØ �= ��=

1 Úó

SiO2 ´/¥þ�´L�zÆ|°, ´|¤�«7

�í¶Ô�Ä:. duSiO2 �(��õ��A«, �

�õê3~§~ØeU±æ�/ª�3, Ïd´á

��ÆÚ/¥�Æ¥ïÄ�CÅ�Ú�C^��;.

á�. ,	, �¬SiO2 U3��°�§Ý��Ø=C

¤(¬�, ´�¬�(�ïÄ�n�á�, ÙïÄ(

Jéu7�íLN(��@£�k��¿Â.

é�¬�SiO2 (��ïÄL², §�Ä�|¤ü

��SiO4 o¡N, ¿äk¥§kS�§ÃS�(

�A�
[1, 2]

, Ù¥§kS(�aquβ-��=
[3]

, =±

SiO4 o¡Né(/¤8���Ì�(�. 3~Øeé

�¬�SiO2 ?19?n, 31100℃±SE��¬�,

31200℃±þ(¬/¤��=
[4], Ø´9åÆþ

½���=. ù«æ�=C�ª�N�^5)º3

,
C�ñ
[5]

Ú»ì�
[6, 7]

¥uy��=�3ù
�

É~�y�. î8��, éupØe�¬�SiO2 �p

§=CïÄ�é��, ù�¡�ïÄéu
)SiO2

�CS�9�C^�, 7�íLN3SiO2 Lþ�^

�e, SiO2 �(¬/ª��@£äk�¿Â. Äu

d, �©±U,�¬�SiO2 ��¬, 30—4GPaØå

��(��u/e120km�Ý±S), é�¬�SiO2 �

p§pØ=CmÐïÄ.

2 p§pØ¢�9ÿÁ�{

¢��¬�U,�3��xì7>è(�«¹Y

�)Ô¤Ï�¬�SiO2), Ù���zÆ©Û(JX

L1¤«. ¢�c�¬²700℃9?n±~�Y��

u°�¹þ, ¦�¬¥SiO2 þ'��93%±þ, ²

ù	1Ì(Xã1¤«)Ú®"û�ÿÁ, �¬E��

¬�, ¿ØÑy,�¤°�áÂÌ�Úû�¸, L²

,�¤°Ì�±a�Ó�/ª, Ø´Å�·\��

ª�3. �¤±æ^ù«¹k�½,��U,�¬�

SiO2 ��¬, ��¡�Ä�7�íLN(¬�¢S�

¹, ,��¡du�¬¥¹k��2%�Fe, �±áÂ

YLF-1å (λ = 1.053µm)¦�¬\9, ØI� 

�¬¥V\Ù¦�á9á�.

L 1 �xì7>è(CBS)�zÆ©Û(J(wt%)

SiO2 TiO2 Al2O3 Fe2O3 FeO MgO CaO Na2O K2O H2O+ H2O− TIO
∑

1 80.31 0.15 1.58 1.20 0.77 0.36 0.97 0.18 0.44 3.19 9.55 13.77 99.73
CBS

2* 93.47 0.17 1.84 1.40 0.90 0.42 1.13 0.21 0.51 100

* �Ø��þ(TIO)¿roþ=�¤100%��|°¹þ.

* ¥I�Æ��£M#ó§����8(KJCX2-SW-N03), I[g,�ÆÄ7(10299040)ÚBSRF:�K]Ï
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ã 1 �xì7>è²700℃9?n��FTIRÿÁ(J

p§pØ¢�æ^é¡.7f�éºÿpØC

� (DAC), 7f�éºÿº¡�»�1mm, ^þÝ�

250µm�T301ØCg¡�µ=, ýØµ=�200µm

þÝ, �¬��»500µm. �¦-1\9L§¥Ø�

��7f�éºÿ, ¿¦�¬\9�þ!, æ^NaCl

��9�, Ó�NaCl3¢�L§¥�åØåI��

^
[8]

. �¬�SiO2 kýØ¤þÝ��50µm��¬¡

�\�¬�¥, �¬�»��300µm. �¬|CXã2

¤«.

ã 2 p§pØ¢��¬|C9� ÿÁ«¿ã

p§pØ¢�9ÓÚË�X��û�� ÿÁ

3BSRFpØÕ?1. ���¬þ�ÓÚË�X1

����30×40µm2 . û�&Ò&ÿæ^UþÚÑ

X��û��{ (EDXD), &ÿì�Ge ��N&ÿ

ì, 2θ ����13◦. æ^V¡-1\§Eâ, ±

Nd:YLF(Nd:Yttrium-lithium-fluoride)-1ìuÑ�

1.053µmù	-1å�\91, \91��»��

60µm(Xã2¤«). �¬áÂ-1å��\9¿�)

9Ë�, Ü©9Ë���\1Ì¤¥¿d��CCD

æ8, �âPlanckË�©Ù¼êO�Ñ\9�:�§

Ý
[9]

. du-1\9�:ÚX��\�1���u�

¬�», ¢�L§¥�±ÏLUCÿÁ: ���ª

5¼�ØÓ^�e�¬�ÿÁ(J, ��u�gC�

¼�Ag¢��(J, ��Jp
¢��Ç.

3 ¢�(J�?Ø

�ïÄp§pØ¢��Øå��0—4GPa, éz

�ØåÿÁ:?1
-1\§, Â8
\§L§¥�

p§pØû�ÌÚ\§��~§pØû�Ì(æ8�

mþ�300s), �Â8û�êâ24�, ã3¤«�9�

�L5�û�Ì. 3¢��-1\§L§¥, �¬þ

!/áÂ-1Uþ, \9�:3��û�Ìæ8L

§¥�±½. 3Øå$u3GPa^�e, �§Ý�

1000K�, =��k�=¸�Ñy, �dud§Ýeÿ

§1Ì¤Â8�Ë�Ý�$, [Ü�§ÝO(Ý��,

Ïd¢�æ8p§pØû�Ì�r§Ý�½31300K

(§Ý[ÜØ�50K).

ã 3 � ¬ � SiO2 � p§p Ø � Ó Ú Ë �

EDXDÿÁ(J

Q: α-�=; N: NaCl; C: ��=; E: <º¸.

ã3A�~§~Øe�¬�EDXDÌ, 3 �û�

¸©O�NaCl�(111), (200), (220), âd°(O�

ÑÿÁ��2θ � (2θ = 13.030◦). Tû�ÌØNaCl

�3�û�¸	, vkO�û�¸, L²�¬��¬

�. \Ø�¬�1.3GPa, ¿^-1\9�¬, Â8

p§pØ� EDXDÌ, Xã3B ¤«, Ñy¬¡m

å�0.4249nm, 0.3337nmü�²w�û�¸, ,	�

k0.2454nm, 0.2273nm, 0.2122nm 3��f�û�¸.

�IO�α-�=û�Ìéì (JCPDS 46-1045, (100),

(101), (110), (102), (200)û��d�©O�0.4255nm,
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0.3343nm, 0.2457nm, 0.2281nm, 0.2128nm), §��

Î�éÐ, �Ä�p§pØ� ÿÁ�¢�^�, Ø

åA¦¬¡måC�, p§�¦¬¡måC�, \

��¬¥¹k�½,�, §�?\¬���¬¡må

u)�½�Cz, Ïd�ö@�3þã¢�^�e,

�¬�SiO2 =C¤
α-�=, ���@��β-�

=(IO�β-�= (JCPDS 87-0703)� (100), (101)û

��d�©O�0.4328nm, 0.3392nm, �¢��ÿÁ

(J²w �; ,	, β-�=30.2454nmNC�Ø�

3û��).

��	3�$�Øåe, �¬�SiO2 ´Ä�3

=C¤��=��U5, ���Ø�0.8GPa, ¿r

ÿÁ:£Ä�,���²\9� �?1p§p

Ø � ÿ Á, ( J X ã 3C ¤ «, Ñ y ¬ ¡ m å�

0.4258nm, 0.3347nm ü � # � û � ¸. X c ¤ ã,

Tüû�¸�8á�α-�=� (100), (101)û��,

¿ØÑy��=�û��(IO�β-��= (JCPDS

87-0703)� (111)A�û��d��0.4137nm; IO�

α-��= (JCPDS39-1425)� (101)A�û��d��

0.4040nm). ~Ø^�e, �¬�SiO2 u1200℃±þ

±æ��ª=C¤��=, $ud§ÝE�±�¬

�
[4]

. �ïÄ¢�u0.8GPa, 1300K§Ø^�e, �¬

�SiO2 =C¤α-�=, ��¡L²Øå�±ü$�¬

�SiO2 =z¤(¬��¹zU, �¦�¬�=z¤(

¬�¤I�§Ý²wü$; ,��¡L², 3/¥S

ÜpØC��^!»ì�¥dñó¥Lþ�SiO2 L

N¤/¤���=, Ù/¤ØåA$u0.8GPa.

\Ø�¬�2.4GPa, £Ä�¬�,���²\9

� �?1p§pØ� ÿÁ, (JXã3D¤«, Ñ

y3�²w�α-�=û�¸ (100), (101), (102), Ùd

�©O�0.4195nm, 0.3298nm, 0.2256nm. duNaCl

3p§e¬â)�¿�)�½���, Ñy4r�

(220)û�¸, 18.24keV?�Ù<º¸(ã¥±EL«).

\ Ø � ¬ � 3.1GPa, ¿ r ÿ Á : £ Ä � Q ²

1.3GPa, 1300Kp§pØ?n� �, d ��¬®

²l�¬�SiO2 =C¤
α-�=. p§pØ� ÿ

Á(JXã3E¤«, ÿÁ����==C¤��=�

¢�L§. m©�du�¬�α-�=, ���=û�

¸�)�, �XÿÁ�?1, �=¸)�Cú, ¿Ñy

ü�²w�#û�¸(d��0.3399nmÚ0.3072nm),

©O���=� (031)Ú (040)û�¸(ã¥±CL«

��=). ã3F�²p§?n�, ü§�~§^�e

T ��û�ÿÁ(J, ���=¸Ä���, �k

��=ÚNaCl�û�¸. ù�ÿÁ(JL², 3¢�

^�e (3.1GPa, 1300K), �==C¤
��=.

\Ø�¬�4.0GPa, £ÄÿÁ:��²p§?

n� �, �¬E��¬��SiO2 , ~§eÿÁ(J

Xã3G¤«, ØNaCl�û�¸	, vkÙ¦�û�

¸. éÙ?1p§pØ?n¿?1� û�ÿÁ, (

JXã3H¤«, Øåeü�3.7GPa, 30.3364nm?

Ñy#¸, A8á���=� (031)û��, ��=�

�rû�� (040)�U�NaCl� (111)UØU©

m. �Ø�~Ø, 2éT �?1ÿÁ, (JXã3I

¤«, Ñy��=� (031), (040)û��. e�¬�,

éT:?1w�RamanÿÁ, (JXã4¤«, �;

.���=Raman&Ò
[10]

, �r�520cm−1�ÙA

�RamanÌ� (Si-O-Sié¡� �Ä�). ddw5,

�¬�SiO2 33.7GPa, 1300 K�p§pØ^�e, �

��=C¤��=.

ã 4 ��=�w�Raman1ÌÿÁ(J

4 (Ø

(1) 30.8—2.4GPa, 1000—1300K�§Ø^�e,

�¬�SiO2 =C¤α-�=, ~Øe�¬�SiO2 �

31200℃±þâu)æ�=C/¤��=. dd�

�, Øå²w/ü$
�¬�SiO2 �(¬U^, ¿K

��¬�SiO2 �æ��CÅ�Ú�Ô.

(2) 3��=�9åÆ½«, �¬�SiO2 Ú�

=þ=C¤��=.
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Transformations of Amorphous Silica under High Pressure and

High Temperature *
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Abstract Aimed at the transformation methods and mechanism of amorphous silica on the conditions of high pressure

and high temperature, we used the Changbaishan diatomite, which had been heating treated at 700℃, as the sample of

amorphous silica, to carried out the in situ high pressure and high temperature synchrotron X-ray diffraction determina-

tions (EDXD method) in the range of pressure of 0—4GPa and temperature of 1000—1300K by the diamond anvil cell

apparatus and double-sided laser heating technique. The experimental results indicate that amorphous silica transform

to α-quartz, but not β-quartz and cristobalite in the range of pressure of 0.8—2.4GPa and temperature of 1000—1300K.

The crystalline temperature of amorphous silica under high pressure is much lower than that of ambient condition. The

resluts means that the pressure is favored to low the activation energy of amorphous transform to crystalline phases,

and would change the metastable phase transformation mechanism, leading to the different crystalline phases. In the

range of pressure of 3—4GPa and temperature at 1300K, both amorphous silica and quartz transform to coesite.

Key words amorphous silica, high pressure and high temperature, quartz, coesite
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