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�
ÿÐ7f��«aÚ)û7f�óä¦^L§¥Ïr±åØvE¤�¦^Æ·ü$�, 3¥Iª8¡º
ØÅþ, ÏLé FeNi >x¤©Úó²�`z, ¤õÜ¤Ñp�þ�»'�u 2.5, ²þâÝ3 0.8—1.0 mm �ÎG7
f�¬N. T¬NÕA�/m, ò4�Uõ7f�óä�3¦^L§¥Ñy� “øâ” y�. ,	, ¢�¥uy, ÎG
7f�¬N�)��Ý���uDÚ¬N�)��Ý. æ^×£>º (SEM) ÚUÌ (EDS) �ÃãéÎG7f�¬
N9¬N±�>x¤©?1
L�; (JL², ÎG7f�¬N3)�L§¥�3{100}Ú{111}¬¡.�, ±9�
C3¬N±��>x¤© Û. 3dÄ:þ, �²
ÎG¬N)�Ån.

'�c: ÎG7f�, �»',  Û

PACS: 81.05.ug, 81.10.Aj, 07.35.+k

1 Ú ó

7f�8õ«`É5Uu�N, 2�/A^u
ó�!�E!I�!��¥)�+�. ÏÙäk�
û�d�Ú�ïd�, �Ï±5��´2��Eó
�ö�ïÄ9:, ÙïÄéI[äk��ÔÑ¿
Â [1−8]. g G.E. úiÄgÏLp§pØ{, |^
7áxzJ��$ (MJ{) ¤õÜ¤Ñ7f�±
5 [9], 7f�1�&¢ïÄ��Ú��vkÊ�.

3æ^p§pØ{Ü¤7f��)�L§¥, l
å�xz�^��X�LÞ7á��9ÙÜ7>
x�uy, �LK�7á½Ü7>x�xz�^�
� Sung �<�y¢ [10,11], Ñw«Ñ>x37f�
Ü¤�¥���^.

¦^DÚ�LÞ7á��9ÙÜ7��>
x, Ü ¤ � ó � 7 f � ¬ N, � � � X Ü ¤ §
Ý�,p, �g¥y±{100}¬¡�Ì�8¡N
¬ N, {100}Ú{111}¬ ¡ � Ì � 8 — l ¡ ¬ N
Ú{111}¬¡�Ìl¡N [12,13], ù
¬N�/G
5K, ¶�Ý (¬N��Ý»�') Ñ�Cu 1, Ó�

¬«{�Ó�¥yþã�5Æ [14,15]. �´, da7
f�3¢S¦^L§¥, ÊH�3 “øâ” y�, Ù
�Ï3u¬N�¶�Ý�� 1, 7f��Å(J/
¤zÆ�, 7f��Å(J�>¡È�¬N�à³
¡È'��, 3Aé7f�É���ÀÂå�Ùr
±å�é��, ¬NN´lóäøá, î�K�

óä�¦^Æ· [16]. XJ3Ü¤�7f��·
�N�¬N�/m, ¦Ù¶�Ý�u 1, =7f�¬
N�Å(J/¤�zÆ���é�>¡ÈO�, =
O\�Né7f���>��¡È, lO�Å(
Jé¬N�r±å, B�±k��³� “øâ” y
�. Ïd, mu#.�>xÚïÄ#�Ü¤ó²5
UC¬N/m!O�7f�¬N3óä�N¥�
r±å¤�7f�Ü¤�9:��.

�©¥·�¦^g1ï�� FeNi Ä#.>x
¤õÜ¤Ñ
ÎGó�7f�. ÏL`z>x¤©
ÚÜ¤ó², ¤õÜ¤Ñ`�p�»'oâÝÎG
7f�¬N, Ù�»'�u 2.5, ²þâÝ3 0.8—

1.0 mm. |^ SEM Ú EDS ©Oé7f��/mÚ
)�L§¥��C�7á�?1©Û, ¿?Ø
Î
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G7f�¬N�)�Ån.

2 ¢ �

2.1 ¢¢¢���LLL§§§

¢�´3¥Iª SPD 6 × 1200 .8¡ºØÅ
þ?1�. >xæ^�´·�g1ï�� FeNi Ä
#.>x. �$��æ^�´âÝ 200 8��¡
G�$®. >xÚpX�$®U�½'~þ!·
Ü�ýØ¤Ü¤�, ýØ��Ü¤�|C3�0�
Ü¤¬¥, p§pØÜ¤¢�ó²æ^Xã 1 ¤«
ó². Ü¤¢���ªØå� 5.4—5.7 GPa; §Ý
� 1370—-1650 ◦C. �Ø�, �Ñ�¬. ²L�?n
JX7f�¬N?1
*	ïÄ©Û.

�¢��Ü¤Øå´�â� (Bi)!� (Ba) Ú
� (Tl) �pØ�C:¤ïá�hØ�nNSÜ
�Øå�½I�?1I½�; Ü¤§Ý´�
â Pt60%Rh–Pt30%Rh 9>óÿ½�Ñ\õÇ�§
Ý�'X�?1I½� [17].

2.2 ���¬¬¬LLL���

æ^1Æw�º*ÿ7f��¬/m!ôÚ
9SÜ�KN©ÙG�; ¦^ SEM é¬N��*
/m?1©Û; æ^ EDS é�C37f�¬N�
±�7á��>x¤©?1½þ©Û.

ã 1 7f�Ü¤ØåÚ§Ý�ó²�ã

3 (J�?Ø

3.1 ¬¬¬NNN///mmm©©©ÛÛÛ

DÚ~5>xÜ¤�7f�¬N¥±{100}¬
¡�Ì�8¡N¬N, {100}Ú{111}¬¡�Ì�
8 — l¡¬NÚ{111}¬¡�Ìl¡N, /G5K,

ôÚ¥y�Ú, ¬Náuü¬ (Xã 2(a) ¤«), ¦
^#. FeNi Ä>x)��¬N¥yÎG, ¶�Ý
Ø2´ 1, ���¹e�u 1.5. ·�é>xÚÜ¤
ó²?1`z, ¤õÜ¤Ñ
�»'�u 2.5, ²þ
âÝ3 0.8—1.0 mm �p�»'!oâÝÎG7f
�¬N (Xã 2(b) ¤«). du¢�¥æ^
�9ª
\99®">xó², ùØ=k|u7f�3n�
�m�)�, �k|u�$%3��)���þ
!¿v�øA, Ï3Ü·�ØåÚ§Ý^�e,

¬N)��÷, ¬/��, ¬N�=zÇ��Jp.

ÎG7f�¬N�Ü¤, ¦Ù3A^¥ÏLÜn�
üÙ, O��Né7f���>��¡È, lO
�Å(Jé¬N�r±å, Bk��³� “øâ” y
�, ò�7f�óä�¦^Æ·.

ã 2 ¦^g1�O FeNi-C NXe)��ÎG¬N�1Æì¡

3.2 §§§ÝÝÝééé¬¬¬NNN///mmm!!!���»»»'''���KKK���999)))
������ÝÝÝ©©©ÛÛÛ

�
�\�
)ÎG¬N�AÏ/m, éÎ
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G7f�¬N?1
×£>º©Û. SEM ì¡X
ã 3 ¤«, ¬N�Ü¤§Ýd$�p, ÏL*	>
ºì¡�±uy, ÎG7f�¬NL¡'�1w²
�, ¬N¥yÑü«ØÓ.��ª, Xã 3(a) ¤«,

¬Nd�.��{100}¬¡�ÌÚDÚ�{111}¬
¡|¤, ¬N��»'��3 2.2—2.5; Xã 3(b)

¤«, ¬N��»'²wC�, Ä�Ø2LyÑ
ÎG, d�
Øé¡�{100}Ú{111}¬¡|¤; X
ã 3(c) ¤«, ¬Nd�.��{111}¬¡�ÌÚD
Ú�{100}¬¡|¤, ¬N��»'��3 2.5—

2.7. é'ØÓ§ÝeÜ¤�7f�¬N, ·�uy,

�Ü¤§Ý?u7f�)��$§«�, ¬N¥y
.��{100}¬¡�Ì; �Ü¤§Ý?u7f�
)��p§«�, ¬N¥y.��{111}¬¡�Ì;

ÏLéØÓÜ¤�¬©Û (�)Ü¤§Ý!>x

��$�'~), ��ÎG7f��'Ç3 60%—

75%�m, �ÎG¬N�'Ç�§Ý�,pÅì
ü$. oN5`, ÎG¬N�.���ªÄ�áu
ùü«. ÏLéØÓ§ÝeÜ¤�¬Né', $§
¬N�»'Ñ�up§¬N, 0uüö§Ý�m)
��¬N�»'��, ¥yp — $ — p©Ù. ,
	, l>ºì¡·��±wÑ, ¬NØ2´ü¬, �
��Ì¬�.

p¬?ó�7f�¬N�Ü¤�¦��·�
�)��Ý, QØU¦¬N)��ÝL¯��LN
7á5Ø9*Ñ3¬N¥�)�KN, K�¬N
��þ; �ØU¦¦¬N)��ÝLú��)�¤
�O\�. éu¬N��þ�Ð�ü«ØÓ¬/�
¬N (DÚ¬N�ÎG¬N), ·�éÙ?1
)�
�Ý���.

ã 3 ¬¡/m�§Ý�Cz

L 1 ü«ØÓ>xe¬N)���Ý�'�

¬N/m Øå /GPa §Ý /◦C )��m /min �� /mm �5�Ý /(mm/h)

DÚ 5.2—5.4 1300—1435 40—60 0.6—0.8 0.8—1.2

ÎG 5.4—5.7 1370—1550 20—30 0.8—1.0 1.6—2.5

·�éDÚ>xÚg1ï��#.>x�)
��Ý?1é', ¦^DÚ>xÜ¤¬N¥yDÚ
�8¡N¬N, 8 — l¡¬NÚÌl¡N, ¬N)
�� 0.8—1.0 mm �, ��)���m� 30 min ±
þ, k�$�I� 1 h; éug1ï��#.>
x, ¬N)��âÝ3 0.8—1.0 mm �, �m��
3 20—30 min �m, `²#.>x\¯
¬N�)
��Ý, XL 1 ¤«.

ÏLéü«>x)��ÝÚ�þ�é', #.
>x�,¦�)��Ý\¯, �vk²wK��¬
N��þ, ùL²T>xéu%��M)Ý�r,

¬N)�L§¥, �KN?\7f��SÜÚL¡,

37f��Ï?n�, SÜ�>x7áU9�ßL
7á�l¬N�SÜ��	Ü; =ü«>xNX3
Ó��)�^�e, #.>x�øx�mv±¦�
7á>xl¬NøÑ, ;�
�þ�KN�/¤.

3.3 )))���ÅÅÅnnn���ïïïÄÄÄ

37f�)��L§¥, 7f��L¡©ª�
CX��7á� (þÝ�� 100 µm), ù�7á�ò
7f�Ú�$%�lm5, Xã 4 ¤«. %M
\7á�, ,�37á��,�ý±7f��/ª
ÛÑ, ¢y7f��)�, %�37á�S�Ñ$
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�Ýû½
¬N�)��Ý, 7á���v�½»
�, 7f�òÊ�)�. �¬N�)��Øå§Ý
^�ð½�, û½¬N)��Ý�ò´�C3¬N
±��7á��¤©.

�
�y7f�)�L§, ©ÛÎG¬N�)
�Ån, ?1
±e?n: 3�¬���vm�,

é,�¬N� ��>x FeNi ¤©?1©Û. X
ã 4 �¬N)�L§¥�C3¬N±��7á�
�1Æì¡. ·�éÙ7á>x��A½«� (ã
¥� A Ú B «�) ?1 EDS >x Fe Ú Ni ��¤
©ÿÁ, (JL 2 ¤«.

L 2 7f�)�7á�¤©ÿÁ (Ù¥ [Fe] Ú [Ni] ©OL« Fe

Ú Ni �²þ¹þ (�þ), ∆[Fe] Ú ∆[Ni] �ÿþ ��)

À½ÿÁ«� [Fe]/% [Ni]/% [Fe]A − [Fe]B [Ni]A − [Ni]B

A 81.419 18.581
4.930 -4.930

B 76.489 23.511

lL 2 �Ñºà (A «) 7á�¥ Fe Ú Ni �
��¤©´ Fe81.419Ni18.581; ý¡ (B «) 7á�¤
©´ Fe76.489Ni23.511. �âMJnØ, ó�?7f�
)�°ÄåÓL�Ø¤�', )��ÝÓL�M)
Ý�', L�M)Ý����ûuM)Ý���.

>x7áÜ7M%Uå�ûu>xÜ7 3d ;�¥
�²þ>fê, >x²þ>fê�$, ÙM%Uå
�f. Fe >xÓ%�(ÜU�u Ni >xÓ%(Ü
U, �Ò´`, Fe �M%Uå�u Ni, Fe ¹þõ�
>x�L�M)Ý�u Fe ¹þ��>x�L�M
)Ý, Ï)��Ý�¯ [5].

EDS �ÿÁ(JL², �C3¬N±� FeNi

|©'ØÓ, =LyÑü«>xÓ�$�(ÜU�
ØÓ. 3 Fe100−xNi x Ü¤7f��L§¥, 3�½
�)��mS, Fe �¹þ�p, )��Ý�¯, ¤±

¬N3)�L§¥, ��¬¡�)��Ýpu,�
�¬¡�)��Ý. ÿÁ(JÎÜ
>x¤© Û
�.. =7f�¬NL¡7á��¤© Û, E¤
3¬N)��L§7á�¤©��É, l��¬
NL¡ØÓÜ©�)��ÝØÓ, =,��¬¡�
)��Ýpu,��¬¡�)��Ý, l/¤

É.¬N —– ÎG¬N.

ã 4 7á��1Æì¡Ú¤©ÿÁ �

4 ( Ø

ÏL`z>x¤©ÚÜ¤ó², ¤õÜ¤Ñ`
��»'�u 2, ²þâÝ3 0.8—1.0 mm �p�
»'!oâÝÎG7f�¬N, �±k��³�
óä¦^L§�øây�; ¬NÌ�÷{100}¬¡
Ú{111}¬¡.�; ÎG¬N�)��Ý²wpu
DÚ¬N�)���Ý, �¬N�`�; é�C3
¬N±��7á�¤©?1©Û?Ø, �Ñ¤© 
Û´ÎG¬N/¤��Ï�. ÎG¬N�Ü¤Ú
)�Ån�ïÄ, ér?ó�?7f�É5¬N�
ïÄÚA^äkÄ:��¿Â. ·�Ï"ïÄó�
Uéó�7f��muÚA^Jø�Ï.
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Synthesis and growth mechanism of high
length-diameter ratio strip-shape diamond by HPHT∗
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Abstract

To extend the kind of diamond and solve the low life of diamond tools because of the insufficiency of holding force, the strip-

shape diamond with more than 2.5 in length-diameter ratio and 0.8—1.0 mm in length is synthesized by optimizing FeNi based catalyst

composition and using the technology in the China-type cubic anvil high pressure apparatus. Because of the unique morphology, the

threshing phenomenon appearing in the using of diamond tools is controlled effectively. Furthermore, we find that the growth rate of

strip-shape diamond is much faster than that of the conventional diamond. Strip-shape diamond morphology and catalyst composition

around the growing diamond crystal are characterized by SEM and EDS. The results indicate that the facets of diamond crystal are

elongated along {100} and {111} faces and catalyst compositions around the growing diamond crystal become segregated. On this

basis, we illustrate the growth mechanism of strip-shape diamond.

Keywords: strip-shape diamond crystal, the length-diameter ratio, segregation
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