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Z{!¿§�Äï���¾���â, ©Oòï� 2 h, 4 h Ú 8 h �¾®, 3~§e�(Y)��xÚ Al(OH)3
�N, Y)�¬²ZH!ï�!�����Ñõ�!¡G γ-Al2O3 B��â, âÝ©Ù3 30—50 nm �m. /Ï
u X ��û� (XRD) ©Û�{Úß�>fw�º (TEM), ïÄ�N�â3[zL§¥�Uþ=�, ©Û�â��(
�üz�Å�åzÆ�A�'X, (½n��ï��m. ïÄ(JL²: �N�â3Å�å��^e�)�þ�A
CÚ �"�, ¦á�?uæ!pU¹5G�, ´upuÅ�åzÆ�A, 3�½^�e¬N�L¡U!ACU
Ú��U�p=z; ï� 2 h �¾�âSÜ, ¬�ÆCÚ �VÇ��, á�w«Ñ4p�zÆ�A¹5, 3�(Å
-ue, ;�3á�SÜ�Uþ�¿©º�, 3�á��mS, Y))¤ Al(OH)3 B��â.

'�c: �Äï�, (�üz, γ-Al2O3, Å�å¹z

PACS: 02.30.Cj, 04.60.Nc, 07.85.Tt, 11.15.Ha

1 Ú ó

20 VÐ, Ostwald JÑ
Å�åzÆ�Aù
�Vg, §´�và�Ô�ÏLÅ�å�^ (Xï
�!Ø !ÀÂ!�Þ!}�!ò��) \ÈÅ�
U, ¦ÉåÔN�(�ÚÔnzÆ5�u)Cz,
OrzÆ�A¹5, -uÚ\�zÆ�AL§ [1].

50 c�"Ï, Peters ��
�þ�ïÄó�, ²
(�ÑÅ�åzÆ�A´Å�åpu�zÆ�A,
3ï�L§¥�¥Ú�âØä-E, �âu)r�
��5C/, �)AåÚAC, �âSÜÑy�þ
�� Ú �"�, ¦��A³^ü$, pu
Ê
Ï^�eJ±½Ã{¢y�zÆ�A. Tamman �
ïÄ
Å�Ué7á��^, @��N�â²L
ï���k 5%—15%�Uþ;�3á�¥, Jp
á��9zÆUþ, ¦á��M)ÝwÍO\ [2].
90 c�¥Ï, Thompson �ÏLÅ�Ü7�{Ü¤
ÑB�¬á�, Schlump �uy3Nõ�pMÜ7
X¥, ¥��{�±)¤B�?��Ñ�âf [3,4].

�X�ÆEâ�×�uÐ, Å�åzÆ®²2��
A^uÅ�Ü7z!ÃÅá���!¶Ô��¹
z!B�>bá����+� [5−8].

�©3Z{!¿§^�e, ^#.DØ�Äï
�Å��
¾���â, /Ï X ��û� (XRD)
©Û�{Úß�>fw�º (TEM), ïÄ�N�â
3[zL§¥�Uþ=�, ©Û�â��(�üz
�Å�åzÆ�A�'X, ±B(½n��ï��
m, ¿3�(Å�^e, ��Ñõ�!¡G γ-Al2O3

B��â.

2 á�Ú�{

2.1 ¾¾¾���������âââ������

æ^Z{!¿§�Äï���{��¾��
�â�ó²6§Xã 1 ¤«, ¢�XÚÌ�dnÜ
©|¤: �í�oXÚ!�Äï�XÚÚ�Ä��
XÚ. ÌÅ��«#.DØ�Äï�Å [9], >Åõ
Ç� 0.12kW, -�ªÇ 16 Hz, �Ì 5 mm, ï�+
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NÈ 2.5 L, ÑN¿÷Ý� 70%—80%. ¢��òâ
Ý� 10—300 µm!XÝ�u 99.5%!�þ� 100 g
�û�¾®, �\�Äï�Å�Ù¥, ^ý�"Ä
ÑXÚ¥��í, ,��XÚ¥5\�í. �Øå
¡E�~Ø�, '4�íz�mé>Å, 3ý5í
N�oe?1�Äï�¢�, ï�ê����Ñ�
¬�^.

ã 1 ¢�C�

2.2 γ-Al2O3 BBB������âââ������

ò�Äï� 2 h, 4 h, 8 h �¾®� 2 g ©O
� 50 mL lfY·Ü�, �3�(Å�Wø¥, ~
§e?1�(Y)¢�, �(ªÇ� 40 kHz. 3�
(�z�)�ÛÜp§!pØ�¸¥, ;�3�
âSÜ�Uþ�±¿©º�, �â�Yu)zÆ�
A, ��xÚZG Al(OH)3 �N, 80 ◦C ZH 6 h �,
3çØïÄ¥ï���xÚ Al(OH)3 ®". òï
� 2 h ¾�â�Y)�Ô Al(OH)3 ®"�\�ª
>{¬, 200 ◦C �� 2 h ��Ñ, ��Ñõ�!¡
G γ-Al2O3 B��â.

3 (J�?Ø

3.1 ���âââ������(((���©©©ÛÛÛ

�â©z [10,11] JÑ�©l�¬ - �AC -
��n°z�A����¦{, ÏL X ��û
�¢�êâ (�°p FWHM) O�á���(�ë
ê —– ²þ¬âÝ D!�AC ε Ú��VÇ f . Ä
uL 1 ØÓï��m¾�â�û��Ú�p°ê
â, O�¾®�¬âºÝ -�(��ï��m�C
z, O�(JXL 2 ¤«.

dL 2 �±w�, �â3ï� 2 h �vkÑy
�¬(�, ��3�þ�¬�ÆCÚ �y�, á
�3Ð©�ã�ÉåC/± ��Ì; ��â�ï

�� 4h �, ACÚ��VÇ��, (�CzÌ�±
¬â[z�Ì, Ó���X�¬ -�AC - ��n
«�A; �â3ï�� 8 h �, ACÚ �VÇØu
¥m, ��¬(���, �Xï��m�ò�, ¬â
ºÝØ=vk~��O�, �â?�Ú[z�J
ÝO\. �â3ï�L§¥, Ü©Å�U�\á�
SÜ, ±ÆCUÚ��U;�3¬N¥, 3�½^
�e¬N�L¡U!ACUÚ��U�p=�.

L 1 ØÓï��m¾�â�û��Ú�p°

ï��m/h
¬¡

(111) (200) (220)

0
2θ/(◦) 38.40 44.64 65.00

FWHM/(◦) 0.118 0.118 0.235

2
2θ/(◦) 38.42 44.70 65.00

FWHM/(◦) 0.235 0.282 0.165

4
2θ/(◦) 38.32 44.58 64.98

FWHM/(◦) 0.235 0.141 0.141

8
2θ/(◦) 38.46 44.72 65.10

FWHM/(◦) 0.235 0.141 0.165

L 2 ØÓï��m¾®�¬âºÝ -�(�Cz

ï��m/h D/nm ε/10−3 f/%

2 — −76.57 112.0

4 6.1 −3.295 39.7

8 — −0.056 70.2

3.2 TEM ããã���ÚÚÚ XRD ãããÌÌÌ©©©ÛÛÛ

^ JEM-200CX .ß�>fw�º (TEM) ÿ
Á�¬�ºÝÚ/m, D/max-rA . X ��õ¬
û�¤ (XRD) ÿÁ�¬�zÆ¤©. ã 2(a), (c),
(d) ©O�ï� 2 h, 4 h, 8 h ¾�â� TEM ã�,
ã 2(b) �ï� 2 h ¾�â�p©Eß�>fw
�º (HRTEM) ã�, ã 2(e)�ØÓï��m¾�
â� XRD ãÌ. lã 2(a), (c), (d) ¥�±w�, ï
� 2 h ��âº�©Ù3 0.5 µm ��S, ï� 4 h
��ââÝ3 50—80 nm �m, �Xï��mO\
� 8h, �âº�vkUY~�%ÅìO�, âÝ©
Ù3 0.1—0.5 µm �m, w, TEM uÿ(J�L 2
�O�êâ�ÎÜ, l?�Ú�y�â[z´
3A½^�e�¤�. ã 2(b) ´ï� 2 h ¾�â
� HRTEM ã�, �w��âSÜ�3�þ� �
"�, ù«y�k|uu)Å�åzÆ�A.
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ã 2 ØÓï��m¾®� TEM Ú XRD ã

dã 2(e) ��, ²ê��ï��, ¾®�¬N
(�vku)Cz, E�¡%á�¬�. �â3Å
�å�^e, ¬N���Xï��m�ØÓUC,
AO´3 [111] ��Cz��²w, ï� 2 h ��
�p¸, ��ï��m�O\, û�¸rÝÅì
�f. l XRD ãÌ¥��w�, ï����ÔÑy
�þ Al(OH)3 ¤©, ù´Ï�ï�L§¥á�?u
æpU¹5G�, LyÑ4p�Å�åzÆ¹5,
�â��Ù¥í3�Y�íu)�A)¤ Al(OH)3
®".

3.3 ÅÅÅ���åååzzzÆÆÆ���AAA

3.3.1 �(Y)�A
ò�Äï� 2 h, 4 h, 8 h �¾���â, 3�Ó

�^�e?1�(Y)¢�. �N�â3�(�z
�)�ÛÜ96ÄÚ.�Aå|¥, ¿©º�;�
3�âSÜ�Uþ, �â�Yu)zÆ�A, ��
Ñ¬N(��Ð� Al(OH)3 B��â, Ù XRD ã
ÌXã 3 ¤«.

lã¥�±w�, ²LØÓï��m�, ¾�
â�Y)�Ôþ� Al(OH)3 B��â, ØÓ�´û
�¸rÝk¤�É. ��â�ï��m� 2 h �, Y
)�Ô Al(OH)3 k�p�û�¸rÝ, ï��m
� 4 h Ú 8 h �, Y)�Ô�û�¸rÝÄ��Ó,
�$uï� 2 h ��Ô�û�¸rÝ.

¢�y², ¾�â��(Y)�A�m��Ä
ï��m�ØÓCz, ï� 2 h, 4 h Ú 8 h �¾�
â, �(Y)�A�m©O3 2.5 h, 5 h Ú 3.5 h �
�S. ±ï� 2 h ¾�â��A�Ý�¯, ï� 8 h

¾�â��A�Ýg�, ï� 4 h ¾�â��A�
Ý�ú, �XJ^ÊÏû�¾®��Ó�¢�, Y
)�A�m��I� 35 h. w,, ²L�Äï��
�â��A�Ç��Jp, Ù¥ï� 2 h �¾�â
äk�Ð�¹z5U, ¦Y)�AU
3�á��
mS�¤.

ã 3 Al(OH)3 � XRD ãÌ

3.3.2 γ-Al2O3 B��âL�
òï� 2 h �¾®�(Y)!ZH!ï�!

���, ��Ñ γ-Al2O3 B��â, ã 4 ��¬
� TEM ã�Ú XRD ãÌ. dã 4(a) �¬� TEM
ã��w�, �¬�õ�!¡GB�(�, Ã²w
ìày�, ²þâ»3 30—50 nm ��S, òã 4(b)
�¬� XRD û�ãÌ� γ-Al2O3 � XRD IOû
�kéì, û�¸ ����Ó.
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ã 4 γ-Al2O3 � TEM Ú XRD ã (a) γ-Al2O3 � TEM ã�; (b) γ-Al2O3 � XRD ãÌ

3.3.3 Å�å¹zÅn

¾�â² 2 h, 4 h Ú 8 h ï��, �Ô¥þ¹
k Al(OH)3 ¤©, �´û�¸rÝ�3�É, ù«
�É��¿Ø��K��ª�¬, Ï�3ï�L§
¥�)� Al(OH)3 ´�þ�, ÷*þA�J±	ú,
¦Y)�A�mØÓ��Ï´ï�L§¥�â
�SÜ(�u)Cz, ��á��¹zÝØÓ.

�þ�ïÄL², �N�â3®�L§¥�X
ºÝ~�, 'L¡ÈO�Ú¬N(��Cz, á�
�ÔnzÆ5��3UC, �âL¡�áNUå\
r, lf��Ú��UåOr, L¡gdUu)C
z�)>Ö, )¤ilÄ!	->fu��, zÆ
�A��4�rz, �A�Ç\¯ [12−14]. �ù«
¹zG�¿Ø��´Ï�âÝ~�Úå�, ´
�N�â3Å�å��^e, �)¬�ÆC! �
�"�, zÆ�A²ïÚ¹zUu)UC, LyÑ
4p��A¹5, \�zÆ�AL§, ïÄ(Jw
« [2], �ö  åÌ��^.

3ï�L§¥, �âu)�5C/I��ÑÅ
�U, Ó�q3C/Ú �?;�Uþ, /¤Å�
åzÆ�¹5:. 3	\Aå��^e, ¹z:�
¹5�ï��m�O\×������, ��é¯
eü���ð½�, ¦�á��zÆ�A�Çü$,
Ø´ï��m��, ¹z�J�Ð [15]. �XL 2
¤«, ¾®3�Äï� 2 h �, ACUÚ �U�
�, á�?uæ!pU¹5G�. ��â�ï�
� 4 h �, �,�âºÝ~�, �´ACÚ��VÇ

%×�ü$, á�?u�$UþG�, zÆ�A¹
5�ü$, ï� 8 h �¾�â, ACÚ �VÇ
Øu¥m, ÙzÆ�A¹5�3�ö�m.

Å�åzÆ�AØÓu���9!>!1!
^�zÆ�A, Ù�A�ÇÌ��ûu�N�â�
�A¹5. Å�åzÆ¹5O\�Ì�Ï�´¬
�"�!¬�ÆC!#)L¡!�fÄì!	-
>f�, 3Nõ�¹e�'L¡ÈO�, �ââ»
�~�¿Ø;��' [16].

4 ( Ø

1. �N�â3Å�å��^e, �)�þ�A
CÚ �"�, ¦á�?uæ!pU¹5G�,
´upuÅ�åzÆ�A, 3�½^�e¬N�L
¡U!ACUÚ��U��p=z;

2. 3�(�z�)�ÛÜ96ÄÚ.�Aå
|¥, �Äï� 2 h, 4 h Ú 8 h �¾�âSÜUþ
�±¿©º�, Y)�A�)¤xÚ Al(OH)3 �
N, �A�m©O3 2.5 h, 5 h Ú 3.5 h ��S. ï
� 2 h ¾�â�Y)�Ô Al(OH)3 �N, 3 80 ◦C
�ZH 6 h, 200 ◦C �� 2 h �, ��Ñõ�!¡
G γ-Al2O3 B��â;

3. nØÚ¢�ïÄL², Å�åzÆ¹5Ì�
�ûu¬�"�!¬�ÆC!#)L¡!�fÄ
ì!	->f�Ï�, ²�Äï� 2 h �¾�âä
k�Ð�zÆ�A¹5, �¦zÆ�A3�á��
mS�¤.
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Abstract

Al ultra-fine grains are prepared by dry roller vibration milling at room temperature. After the ultrasonic hydrolyzing, the Al

powders are milled for 2 h, 4 h and 8 h, separately, becoming the colloidal Al(OH)3. After the hydrolyzing production are dried,

grinded, calcined, the flaky γ-Al2O3 nano-particles are obtained, and the particles sizes are in the range from 30 to 50 nm. By X ray

diffraction (XRD) analysis method and transmission electron microscope (TEM), we analyze the energy conversion of solid particles

in the vibration milling, and study the relation between the structure evolvement of solid particles and mechano-chemical reaction, in

order to ascertain ideal milling time. The research results indicate that the solid particles under the action of mechanical force generate a

mass of deformation and dislocation flaws and the material is in metastable high-energy state, which is favorable for inducing mechano-

chemical reaction. In certain conditions, the surface energy of crystalloid, strain and dislocation energy could be mutually converted.

The odds of lattice distortion and dislocation are maximal for the 2 h-milled Al powders, so the material shows a higher chemical

reaction activation. On the ultrasonic agitation, the energy is fully released from the material interior, then Al(OH)3 nano-particles are

prepared in a short time.

Keywords: vibration milling, structure evolvement, γ-Al2O3, mechanical activation
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