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1 Ú ó

¥fû�9 XRD �©Û(JL², ±7áÀ

æÚO¬��L�E,Ü7��3r��á§k

S, K·Üó�Éa�f´u/¤½�1�C

�� õ¡N, ùp¡�ìq. é@<�ÒJÑ^

� õ¡Nìq��Ä�(�ü�5£ãÔ��

(�, ~X Bragg[1] 3 1930cc�3½Â7zÔ

�(��Ò^
 SiO4 o�õ¡Nìq¶Bernal[2]

3 1959crM¥Ã5�æ�.��{ü7á�N

��.JÑ5¶�� CohenÚ Turnbull[3] �Ñù«

�.�^5£ã7áÀæ¶Mackay� [4] 3 1973

cÒ�Ñ, � õ¡N�±Ú\�E,�(��£

ã, ��DÚ¬NÆ¥��f �Úé¡5. �´

��vkÑy5�5�Äuìq�(�£ã�{.

|�m�páÚ�K·Üó��, �fº��

��, Ò�N´/¤ìq. duìq��.þ5

uäNÜ7�(�, ù«Û��ìq(��LXT

Ü7��(�A�, D��5UA:�'é, lù

��Ýù, äk²wìqA��Ü7��¡�ìq

Ü7�.·�Cc5�éO¬Ú�¬Ü7uÐ
�

«Äuìq�(�£ã�{, =ìq\ë��f�

. [5−8], ?JÑ�é?¿(��Ê·5�ìq

ª [9], [ìq](ë��f)x, =?¿�«(�þ�L

ã¤ìqÜ©Úë��fÜ©, �ö uìq�m

Y . �´k'ìq�O(½Â��vk�.)û.

l¬NÆþù, ìqd,��f±��C���f

�¤, �´, ¢Sþ, ìq���  Ø3���»

þ, �©¤A�. ~X, Al2NiZr6 Ü7�¥, ± Ni �

%��G(�� Ni-Zr6-Zr3-Ni2. ·�3cÏó�

¥, Q²JÑ|^ Miracle��æ5 [10] Ú·�gC

JÑ��æÇ [11] 5)ûù�¯K, =O�z��

�¤�¹�ìqS, �f�»��^�e��æÝ.

T�{'�°(, �±l�æÇ�Ý°(�Ñìq

�½Â�ª, �´du�f�»Ø´�½�, �Ù

¦^'�æ�, I�JÑ�\´1�½Âìq�ª,

Bu©Û�«Ü7�ìq.

�©�éù�JK, JÑ|^ØÓ��¤�

¹��f�Ý�»�©Ù9ìq(����5,

5�B°(/½Â�æìq, ¿A^T½Â©

Û Al-Ni-Zr Ü7�¥�ìq.

2 ìq��m�.

·�Äk�Ñ;.ìq�(�.

2.1 ááá���(((���¥¥¥���ìììqqq

¡ % á � Ú N % á � ´ ü � 7 á Ì � (

� a ., � ± � A ½ Â Ñ ü « ì q, © O ´ �

 ê� 12(CN=12)�á�l¡N (cuboctahedron,
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ã 1(a)) 9� ê� 14 �!/��¡N (rhombic

dodecahedron,ã 1(b)). ù
ìqÑ�±W÷�m,

�±Ï��. ùü«ìq��þ�3u(�'

�{ü�kSÜ7�¥, X AlNi 2Zr(BiF3 a., Ä

u bcc)Ú AlZr3(AuCu3 a., Äu fcc) �. 5¿!

/��¡N¢Sþdü��½Â¤, 1�C�

� 8 � �á�N, 1�C�� 6 � �l¡N,

�Ð uá�N�¡%þ¡. d�Ò�3½Âìq

�¯K. w,, !/��¡N´U
�L bcc(�A

:�ìq, e¡·�¬ù�, |^»��Ý©Ù�

±½ÂÑTìq.

äká�é¡5�ìq��)o¡N (tetra-

hedron,ã 1(d)) Úl¡N (octahedron,ã 1(c)) §�

�k3mY�¥âU/¤, X Fe2N(��f N u

l¡Nìq¥%) Ú Fe4C(��f C Óâ Fe o¡

N¥%).

ã 1 äká�é¡5�á�l¡N CN12(a),!/��¡N CN14(b),l¡N CN6(c)Úo¡N CN4(d)

(a)     (b)        (c)                     (d)             (e)

ã 2 (a)ncÎ; (b) ÄuncÎ� CN9; (c) CN11; (d) CN12 (g�æ8�(�); (e) 9�ncÎ

2.2 äääkkknnn (888) ggg¶¶¶���ìììqqq

ùaìq�Ä��e´� ê CN=6 �nc

Î½ö�ncÎ(� (ã 2).

�æ8�´ü�7á�~�(�, éA�ìq

�äk8g¶��o¡N (tetradecahedron),�À�

Ä:ncÎ(�\þ8�ý%�¤.

3ncÎÄ:þ, 2V\n�ý¡�f, �

¤ CN9 �ý%ncÎ¶3dÄ:þ23c�

n�¡ºÜ��þ���f, �¤¡%ncÎ,

CN=11. ù«a.�ìq  �3u8�(�,

X AlNiZr(Fe2P), Al2NiZr6(InMg2) �¬N�, 3�


äk�$é¡5�(�X NiZr(BCr) �¬N�

¥��3aq�ìq, �´Øäkpé¡5. CN9

Ú CN11�ìqØU��W÷n��m, �±Ï5

Ø��, Ïd´�¬Ü7�~�Û�(�. ù
ì

qw,äkõ�(�, I��±½ÂâU(½3¢

S¬N¥�ìq.

�ncÎ(��±\þ8�ý¡�f�¤á

�l¡N, ����¹e§Øäká�é¡5, 3

Ü7�¥é�üÕ�3.

2.3 äääkkkoooggg¶¶¶���ìììqqq

ùaìq¡�CÄ���ocÎ(� (ã 3),

ù«a.�ìq  �3uo�(��¬N�¥,

X NiZr2(Al2Cu) Ú Al3Zr5(Si3W5) �. §�ØU�

�W÷�m, Ïd��À��¬Ü7��UÛ�(

���.

2.4 äääkkkÊÊÊggg¶¶¶���ìììqqq

= � CN=12 � � � ¡ N. @ 3 50 c

� Frank[12] Ò�Ñ�N¥���¡N´Ü7v

� � ) L e � � . � 5 � XRD, HRTEM ±

9¥fû�©Û(JÑL², ù«Û�(�3

�N7áÚ�¬Ü7¥2��3 [13,14]. �X,

3 Al-Cu-Ni-Zr NX¥ [15], Ð)¬N�� fcc-NiZr2
� (a = b = c = 1.12 nm), fcc-NiZr2 �ü�¥

� 3 96 � � f, ( � ©ÛL ² T ü � S ¹ k
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± Ni �%� Ni4Zr9 ��¡Nìq. 3á�(�

� AlNiZr(Cu2Mg) Ú8�(�� Al2Zr(MgZn2) ù

ü� Laves�¥Ñk��¡Nìq.

ã 3 CÄ���ocÎ(��ìq, CN=10

ã 4 ��¡N(��ìq, CN=12

lé¡5þù, ��¡N�cA�ìqØÓ,

Ù1�C�þ uÓ���, Ïd�±Uì Miracle

��æ5�K\±½Â [10].

3Ü7�¥��3�þ� êõu 12 �õ¡

N, �´Ù��(�  �±Uì�����Ä,

aqu��¡Nìq, ÏdØ2üÕ�Ñ.

3 Äu�f�Ý»�©Ù��æìq

½Â

ìq�½Â��þ��æk'. 3ìqA�²

w�ìqÜ7�¥, ìqÜ©�éu²þ(�AT

¥y²w(��É, cÙ´�ÝÞá, ìqAw«

�p��Ý, äk(��æA5, ìq�A�â�

�Uwy. Ïd, �f�ÝAT´�«�1�½Â

�ª. e¡·�|^ØÓ��¤�¹�»��f�

Ý, =ü NÈS��f�ê�X»��©Ù, 5

�B°(/½Âìq, =äk��»��f�Ý

��(�������1�C�ìq. T½Â�

�þ�ìq�æ�K [10,11] ��, ´�æl�f�

Ý�Ý�#Ny. �´, du�½ÂØ�9�(

��¸UC��fº�, �\´u¢�. e¡·�

±;.��¬/¤NX Al-Ni-Zr ¥� AlNiZr (Fe2P

.(�) ��~, l»��f�Ý©Ù��Ý5`

²ìq½ÂÚ�æ5¯K.

l PearsonÃþ¥�� [16], AlNiZr (Fe2P) �¥

ko«ØÓ��fÓ , (�©Û��, ± Ni1(�

©ìq¥�f�þ�IL«ØÓ�Ó , e�IL

«�f�ê, 1���f�Lìq�%Ü�f) �

%��f��m»�©Ù(�XL 1 ¤«. lìq

��m�G�.w�±´ NiAl 6(� ê CN=6, n

cÎ(�), NiAl 6Zr3(CN=9, ncÎ�n�ý¡�

)±�� Zr �f) Ú Ni3Al6Zr3(CN=11,ncÎ�

n�ý¡�)±�� Zr �f, þ!e.¡�)±

�� Ni �f), �ã 5 ¤«, ù«�G(�´d Al-

NiZr �ü��8gé¡5û½�. e¡·�l»�

�f�Ý©Ù��Ý, =ìqü NÈS��f�

ê��Ý, 5�ÄÀ�=���â´��æìq.

l¬N�(�êâ��, ± Ni1�%�ìq, �

C���´å%Ü 0.24800 nm� 6 � Al �f, B�

��ù���S�¹�ü á�B�NÈS��

f�ê� 109.56(�/nm3) Ú�é�f�Ý 1.75(�

éu AlNiZr (Fe2P)���f�Ý 62.55�/nm3), �

g�±O�ØÓ»� �, dT�»¤�¹�¥N

��f�Ý. ±d�{, ��� AlNiZr (Fe2P) �¤

k�Ó �%�����»��f�ÝÚ�é�

f�Ý, �L 1. ã 6 ´����é�f�Ý�»�

�©Ù.

(a) (b) 

(c) 

ã 5 AlNiZr (Fe2P) �¥± Ni1 �%�ØÓ���ìq�m�

. (a) CN6-NiAl6 ; (b) CN9-NiAl6Zr3; (c) CN11-Ni3Al6Zr3
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L 1 AlNiZr(Fe2P)�¥±o«Ó �%�ØÓ��¥NS��f�Ý

%Ü�f 	��fê �f«a ���f�%Ü�f�ål/nm �f�Ý/nm−3 �ü�'���é�f�Ý

Ni1

6 Al 0.24800 109.56 1.75

3 Zr 0.27670 112.69 1.80

2 Ni1 0.34723 68.43 1.09

3 Zr 0.41505 50.08 0.80

12 Ni2 0.43548 78.05 1.25

6 Zr 0.44399 90.01 1.44

6 Zr 0.54114 58.76 0.94

6 Al 0.54315 67.04 1.07

6 Al 0.55012 73.13 1.17

6 Zr 0.60305 62.05 0.99

12 Al 0.64615 61.06 0.98

12 Ni2 0.65633 68.40 1.09

Ni2

3 Al 0.26147 53.42 0.85

6 Zr 0.27350 116.69 1.87

2 Ni2 0.34723 68.43 1.09

3 Ni2 0.39938 56.21 0.90

6 Al 0.43466 61.05 0.98

6 Ni1 0.43548 78.05 1.25

3 Al 0.43688 85.89 1.37

6 Zr 0.51595 62.57 1.00

6 Ni2 0.52921 67.65 1.08

6 Al 0.55806 65.93 1.05

3 Al 0.55979 69.41 1.11

3 Zr 0.56208 72.60 1.16

Al

2 Ni1 0.24800 46.95 0.75

2 Ni2 0.26147 66.78 1.07

2 Zr 0.29456 65.39 1.05

4 Zr 0.29844 98.79 1.58

2 Al 0.30673 107.54 1.72

2 Al 0.34723 85.54 1.37

4 Ni2 0.43466 55.24 0.88

2 Ni2 0.43688 60.12 0.96

4 Al 0.45287 64.26 1.03

4 Al 0.46330 69.62 1.11

2 Zr 0.48586 64.53 1.03

4 Zr 0.50366 65.40 1.05

Zr

4 Ni2 0.27350 58.35 0.93

1 Ni1 0.27670 67.61 1.08

2 Al 0.29456 74.73 1.20

4 Al 0.29844 107.78 1.72

2 Zr 0.34723 79.83 1.28

4 Zr 0.36604 87.62 1.40

1 Ni1 0.41505 63.44 1.02

2 Ni1 0.44399 57.28 0.92

2 Zr 0.47926 49.88 0.80

2 Al 0.48586 52.04 0.83

4 Al 0.50366 54.19 0.87

8 Zr 0.50453 68.78 1.10
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l ã 6 � �, Ø Ó � » � � S � � f � Ý

� © Ù, = » � � f � Ý � © Ù, ¥ � � ª ³,

À�äk��»��f�Ý��±c��f¤

|¤�õ¡N�1�C��æìq, `²ìq

´äk�p(��Ý�Û�(�, ÎÜ·�é

ìq�Ï�. ¤± AlNiZr �± Ni1 �%�ìq

ÒAT�� CN9 � NiAl 6Zr3. Ón, ± Ni2, Al

Ú Zr �%�ìq©OAÀ� CN9 � NiAl 3Zr6,

CN12 � Al3Ni4Zr6 Ú CN11 � ZrAl6Ni5.

w,, ù«�{¤À��ìq3�g�Û��

�Sþ¥y�p��é�f�Ý, =ìq��f�

ÝÑ�uÜ7��²þ�f�Ý.

I��Ñ�´,·�¤À�ìq��þNy


(��æ5, l�fAÛ�æ�Ý�Ä, ���

æ�ìq7L´äk�Ð��m�.�� õ¡

N, ìqAT¦�Udn�¡¤µ4 [11]. üX��

f�Ýk�ØU�¡�Nù«�æAÛA5. 3ù

�AÛ�æ^���e,·�Àìq��ÿ, ÒA

To�ìq��m�.À���æ=ü NÈ

S�fê�õ�ìq. e¡·�± Al-Zr ��NX

� AlZr (BCr) �¥± Al �%�ìq�À��~5

?�Ú`²ù�¯K.

ã 6 AlNiZr (Fe2P) �¥±o«Õá�f ��%�ØÓ»��»¥NS��é�f�Ý (a) Ni1 �%,; (b) Ni2 �%; (c) Al �

%; (d) Zr�%

ã 7 AlZr (BCr) �¥± Al �%�ØÓ»��»¥NS��é�f�Ý (a) �é�f�Ý���»��»�Cz'X; (b) �é�f�Ý��

�¤�¹��fê�Cz'X
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lL 2 �wÑ, AlZr (BCr) �¥± Al �%��

�æ�ìqAT� CN7Al3Zr5(�é�f�Ý 1.55),

�lìq��m(�w Al3Zr5 ´ncÎ���ý

¡)u���f, §�e�� CN9Al3Zr7 ´n

cÎ�n�ý¡�)±���f, �é�f�Ý

' Al3Zr5 Ñ��:, ´ 1.53,2e�� CN11Al5Zr7
´ncÎ�z�ý¡�)±���f, �é�f

�Ý 1.48,�´'��æ� (�ã 8). �2e��

���f�ÝÒü$��~�, ´ 0.78,�uÜ7

�ü��²þ�f�Ý. 3ù«�¹e, (Üì

q�.���5Ú�æ5ü��¡Ï�, ATÀ

� CN11Al5Zr7 ìq. Ù¢�Äìq(����5

´Äuìq��G)�Ï�û½�. l%Ü�f�

1Ê�, =� ê´ 11 �õ¡N, z���fÑ´

;��ë�, ål3 0.02 nm�m, 18��1Ê

��f�ålâ,O\� 0.1 nm,�æÝÏd��

ü$.

(a)        (b)             (c)      

ã 8 AlZr(BCr) �¥± Al �%�ìq�m�. (a) CN7 Al3Zr5
ìq; (b) CN9 Al3Zr7 ìq; (c) CN11 Al5Zr7 ìq

L 2 AlZr (BCr) �¥± Al �%�ØÓ��¥NS��f�Ý

%Ü�f 	��fê �f«a ���f�%Ü�f�ål/nm �f�Ý/nm−3 �²þ�Ý'���é�f�Ý

Al

2 Al 0.26977 36.48 0.71

1 Zr 0.28035 43.34 0.84

4 Zr 0.28839 79.63 1.55

2 Zr 0.31186 78.71 1.53

2 Al 0.33530 76.00 1.48

1 Al 0.42660 39.98 0.78

1 Al 0.42661 43.05 0.84

4 Al 0.43036 53.91 1.05

2 Zr 0.43706 57.19 1.11

4 Al 0.46540 56.84 1.10

2 Zr 0.49394 51.51 1.00

2 Zr 0.51048 50.25 0.98

L 3 ´�â»��f�Ý©Ù, =�fê�

ÝOK¤(½� Al-Ni-Zr n�9æ��¤kN

X�ìq9�é�f�Ý. ù«�{(½��æ

ìq, ¿©�Ä
ìq¢S�m�.���(�,

{ü¢^.

4 Äuìq� Al-Ni-Zr NX¬N�¬

¤©�O

·�ïÄ|�þ�cÏó�L², n��¬

��.AT´�áìq\ë��f�¤µn�

�¬ =[�áìq]+(ë��f), =Ð��¬¤©Ñ

�±^ù«{ü�ìqª�.5)º [8,17]. Al-

Ni-Zr ´ � � ä k é r À æ / ¤ U å � n � N

X [18], ·��C�ó��Ñ, dNXL Zr Ä�

�Z�¬¤©´ Al13.33Ni26.67Zr60, �.�»º�

�� 8 mm. ^uL�Àæ/¤Uå�9åÆë

ê©O´ Trg = Tg/Tl = 0.579, γ = 0.402, γm =

0.689
[19].  Al13.33Ni26.67Zr60 ¤©�±^�¬û

)� Al2NiZr6(InMg2) ¥, ±���f�Ý9��

5¤½Â� Ni3Zr9 ìq (�L 3) ÏLn��¬�

ìqª�.5�ï, = [Ni3Zr9](NiAl 2)=Al2Ni4Zr9=

Al13.33Ni26.67Zr60. ù«ÊH¢^�ìqª�.,�

¬N�¬�¤©�OJø
�«�#��{, ¿�

3éõNX¥��
�y [20], �ïÄ¤½Â�

ìq�ù«{ü�ìqª�.Jø
Ü·��Ý

½ìq. ,�, d���ó��3UY?1¥, ?

�Ú�ïÄ¬�Ñìq��æÝ�Ï���¬/

¤�'X.
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L 3 �â»��f�Ý©ÙOK¤(½� Al-Ni-Zr n�9æ��NX¤k��æìq

Ü7�9(� ìq (�é�f�Ý)

AlNiZr(Fe2P) NiAl6Zr3(1.80), NiAl3Zr6(1.87), Al3Ni4Zr6(1.72), ZrAl6Ni5(1.72)

Al2NiZr6(InMg2) Ni3Zr9(1.55), Al3Zr9(1.55), Zr11Al2Ni2(1.79), Zr9Al4Ni(1.81)

Al5Ni3Zr2(Mn23Th6) NiAl 8(1.96), Ni4Al6Zr3(1.65), Al5Ni4Zr4(1.63), Al7Ni4Zr3(1.94), Zr5Al8Ni5(1.41)

Al5Ni2Zr(Al5Ni2Zr) Ni5Al8(1.93), Al9Zr4(1.77), Al8Ni4Zr2(1.91), ZrAl12(1.77)

AlNi 2Zr(BiF3) Ni7Al4Zr4(1.79), AlNi8Zr6(1.79), ZrAl6Ni8(1.79)

AlNiZr(Cu2Mg) M7Al6(1.81), Al5M12(2.08) (M=Ni0.5Zr0.5)

AlZr (BCr) Al 5Zr7(1.48), Zr7Al7(1.72)

AlZr2(Al2Cu) Al3Zr8(2.23), Zr12Al4(1.66)

AlZr2(InNi2) AlZr11(1.81), Zr9Al6(2.26), Zr7Al5(1.81)

AlZr3(AuCu3) AlZr12(2.19), Zr9Al4(2.19)

Al2Zr (MgZn2) Al7Zr6(1.77), Al7Zr6(1.54), Zr5Al12(1.85)

Al2Zr3(Al2Zr3) Al3Zr8(1.92), Zr11Al4(1.70), Zr10Al6(1.58), Zr9Al6(1.48)

Al3Zr (Al3Zr) Al9Zr4(1.76), Al9Zr4(2.02), Al9Zr4(1.76), ZrAl12(2.02)

Al3Zr2(Al3Zr2) Al5Zr6(1.81), Al5Zr4(1.66), Zr5Al9(1.55)

Al3Zr4(Al3Zr4) Al5Zr8(2.01), Zr10Al6(1.89), Zr10Al6(1.89), Zr9Al6(1.77)

Al3Zr5(Mn5Si3) Al3Zr9(1.79), Zr11Al5(1.79), Zr9Al6(1.68)

Al3Zr5(Si3W5) Al3Zr8(2.24), AlZr10(1.73), Zr11Al4(1.72), Zr10Al6(1.67)

Al4Zr5(Ga4Ti5) Al9Zr6(1.64), Al5Zr9(1.49), Zr9Al6(1.91), Zr5Al7(1.53)

NiZr (BCr) Ni3Zr7(1.86), Zr9Ni7(1.56)

NiZr2(Al2Cu) Ni3Zr8(2.30), Zr12Ni4(1.75)

NiZr2(NiTi2) Ni4Zr9(2.06), Zr7Ni6(2.05), Zr11Ni4(1.73)

Ni2Zr (Cu2Mg) Ni7Zr6 (1.81), Zr5Ni12(2.08)

Ni3Zr (Ni3Sn) Ni9Zr4(2.02), ZrNi12(2.18)

Ni5Zr (AuBe5) Ni13Zr4(2.08), Ni10Zr3(1.81), ZrNi16(2.08)

Ni7Zr2(Ni7Zr2) Ni9Zr4(1.80), Ni9Zr4(1.79), Ni9Zr4(1.56), Ni9Zr4(1.46), Zr3Ni14(1.51), Zr3Ni14(1.51)

Ni10Zr7(Ni10Zr7) Ni5Zr6(1.33), Ni5Zr6(1.89), Ni5Zr6(1.95), Ni5Zr6(1.80), Ni5Zr5(1.61), ZrNi10(1.89),

ZrNi10(1.82), ZrNi8(1.56), ZrNi6(1.45), Zr7Ni10(1.53)

Ni10Zr7 (Ni10Zr7) Ni5Zr6(1.47), Ni5Zr6(1.35), Ni5Zr7(1.34), Ni5Zr7(1.19), Ni6Zr5(1.43), Zr7Ni11(1.24),

Zr7Ni10(1.38), Zr7Ni10(1.09), Zr5Ni12(1.13)

Ni11Zr9(Pt11Zr9) Ni5Zr8(1.87), Ni9Zr6 (1.60), Ni5Zr7(1.49), Zr5Ni10(1.60), Zr6Ni9(1.59), Zr7Ni8(1.59)

Ni21Zr8(Hf8Ni21) Ni9Zr4(1.93), Ni8Zr5(1.89), Ni9Zr4(1.82), Ni8Zr5(1.79), Ni8Zr5(1.69), Ni8Zr5(1.61),

Ni8Zr5(1.53), Ni10Zr4(1.53), Ni9Zr4(1.42), Ni9Zr5(1.27), Ni10Zr4(1.25), Zr5Ni12(1.25),

Zr5Ni12(1.25), Zr5Ni12(1.18), ZrNi13(1.52)

Ni23Zr6(Mn23Th6) Ni9Zr4(1.63), Ni10Zr3(1.65), Ni9(1.96), Ni11Zr3(1.94), Zr5Ni13(1.41)

AlNi (ClCs) Al7Ni8(1.79), Ni7Al8(1.79)

AlNi 3(AuCu3) AlNi 12(2.19), Ni9Al4(2.19)

Al3Ni (CFe3) NiAl 9(1.74), Al11Ni3(1.44), Al12Ni3(1.27)

Al3Ni2(Al3Ni2) Ni4Al8(1.90), Al7Ni5(1.90), Al7Ni6(1.76)

Al3Ni5(Ga3Pt5) Ni9Al4(1.97), Ni7Al6(1.97), Ni7Al6(1.97), Al3Ni10(1.97), Al5Ni8(1.97)

Al4Ni3(Ga4Ni3) Ni5Al8(1.90), Al7Ni6(1.77), Al7Ni6(1.41)
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Abstract

Metallic glasses, quasicrystals and many intermetallic compounds belong to complex alloy phases which are characterized by

specific nearest-neighbor coordination polyhedral clusters representing the local atomic features of their parent phases. However,

the nearest neighbor atoms are often distributed on multiple shells, which makes the cluster difficult to define exactly.For an alloy

phase dominated by the clusters, there showed appear distinct differences between the cluster part and the average structure of the

phase, especially with regards to the atomic density. The clusters should have the highest atomic density so that their presence is

very pronounced in phase compared with the average structure. In this paper, radial distribution of atomic density (numbers of atoms

contained in different spherical shells) is proposed to define the cluster in a clear manner. The spherical shell enclosing the highest

atomic density and having dense-packed triangular facets is selected as the nearest-neighbor cluster. Al-Ni-Zr alloyphases are taken

for example to illustrate the easy use of this method, and therelationship between cluster and metallic glass formationis also explained.

Keywords: cluster, atomic density, Al-Ni-Zr alloy phases, metallic glass formation
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