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Crystal Structure, Growth and
Hardness of Al-Cu-B System Compound

Shigeru Okada™*!*, Kunio Kudou®*?, Toetsu Shishido *?
Akira Yoshikawa**, Takao Mori*°

Abstract: In the Al-Cu-B system the intermediate phases Al Cuo7Bss (a-tetragonal boron) (tetragonal,
P4n2) and Al.Cu,Bi;s (B-rhombohedral boron, R3m) have been reported. Al,Cu,Bi single crystals
were prepared by the reaction between metals and element boron using a molten copper flux in an
argon atmosphere. The conditions for obtaining one-phase materials of Al,CuyBos were determined. As-
grown AlCu,Bigs crystals were used for chemical analysis, and measurements of lattice constants,
density and Vickers microhardness. The optimum mixing atomic ratios of the starting materials (B/Al
and B/Cu), Soaking temperature and soaking time are B/Al=4/2, B/Cu=4/20, 1500C, and 3 h,
respectively. Under these conditions, the Al,CuyB¢s single crystals were obtained in the form of an
irregular or rhombohedral plate: the latter crystals were bounded by {001} planes. The AlCuyBigs
crystals had maximum dimensions of approximately 1.4 mm. The single crystals had metallic luster of
silver (for AlssCuzoBigs) or grayish brown (for Als;CusBigs) color. The results of chemical analysis and
the measurements of lattice constants (de. and G..) and densities (d, and d.) are as follows:

AlpsCuzoBios; ther=1.09993(5) nm, :=2.39659(8) nm, d,=2.70(2) g/cm? d:=2.767 g/cm’

Al31Cu17Bios; he=1.09946 (4) nm, 1ex=2.39530(12) nm, d,=258(1) g/cm? d.=2.636 g/cm®

Als7CuosBios; dhex=1.09803(3) nm, rx=2.39298(12) nm, d,=2.48(2) g/cm? d.=2563 g/cm®

Average values of Vickers microhardness determined on {001} faces of AlyCuyBigs crystals are in the
range of 24.8 ~ 30.7 GPa.
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Fig. 2 The crystal structure of f-rhombohedral boron type™.
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Table 1 Preparation conditions of AliCuyBios crystals from
molten Al-Cu-B system flux* at 1500C for 3 h.

Composition of raw material
Run Atomic ratio Phase detected
No. B/Al B/Cu

Al-1 4/0 4720 AlCuyBigs

Al-2 4/0.5 4720 Al CuyBigs

Al-3 41 4/20 AlLCuyBjgs

Al-4 42 4/20 AlLCuyBigs

Al-5 4/3 4/20 AlLCuyBigs

Al-6 4/4 4/20 AlLCuyBigs

Al-7 4/6 4/20 AlCuyBjos

Al-8 47 4/20 AlCuyBygs, 0-AlB,, B-AlBy; type
Al-9 4/8 4/20 a-AlBy,, B-AlBy; type
Al-10 4/9 4/20 a-AlBy,, B-AlBy; type
Al-11 4710 4720 a-AlBy,, B-AlBy; type
Cu-1 4/4 4/18 AlCuyBigs

Cu-2 4/6 4/16 a-AlBy,, B-AlBy; type
Cu-3 4/8 4/14 a-AlBy, B-AlBy; type
Cu-4 4/10 4/12 a-AlByy, B-AlIBy; type
Cu-5 4/12 4/10 a-AlBy, B-AlBy; type
Cu-6 4/14 4/8 a-AlByy, B-AlBy; type
Cu-7 4/16 4/6 a-AlByy, B-AlBy; type
Cu-8 4/18 4/4 a-AlBy,, B-AlBy; type
Cu-9 4120 42 a-AlByy, B-AlBy; type
Cu-10 42 4/10 AlCuyByos

Cu-11 42 4/20 Al,CuyBs

Cu-12 472 4/30 AlCuyBs

*Al: 0~12.5 g, Cu: 2.90~58.8 2,B: 1.00 g
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Fig. 3 Powder X-ray patterns of the products (O : Al,Cu,Bis,
@ : ¢-Al,03) obtained by heating the starting material at 1500C
for 3 h. The mixing atomic ratios B/Al and B/Cu of 4/2 and
4/20 (A) or 4/8 and 4/20 (B), respectively.
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Fig.4 The crystals of AlxCuyB105.
A Irregularly shaped crystals, B: The crystal of rhombohedral
form.

Table 2 The results of the chemical analysis of AliCuyBios

crystals.
Composition of raw material Chemical

Run atomic ratio mass% composition

No. B/Al B/Cu Al Cu B (AlCuyBy¢s)
Al-1  4/0 4/20 5.4 13.0 81.1 Al sCu; oBjos
Al-2  4/0.5 4720 5.7 9.1 83.9  AlLoCu;oBios
Al-3 41 4720 6.1 9.2 84.4 Al 1Cuy oBos
Al-4 472 4/20 6.3 8.2 84.4 Al;1Cuy 7Bios
Al-5 473 4/20 6.4 7.3 84.7 Al;2Cuy 5Bios
Al-6  4/4 4/20 6.8 5.1 87.7 Al;5Cuy Bios
Al-7 46 4/20 7.5 3.9 86.4 Al;7Cug sB1os

Soaking temperature: 1500°C, Soaking time: 3 h.
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Table 3 Lattice constants and densities of Al,CuyBigs

crystals.
Run Composition Lattice constants (nm) Density (g/cm’)
No. (ALCu,Bo5) e Chex de* dp**
Al-1 Al sCuy 9Bjos 1.09993(5) 2.39659(8) 2.767 2.70(2)
Al-2 Al oCuy oBos 1.09981(2) 2.39636(18)  2.647 2.60(1)
A3 AlsCusoBros  1.09982(4)  2.39568(15)  2.671 -
Al4  AlyCupsBrs  1.09946(4)  2.39530(12)  2.636  2.58(1)
Al-5 Al;2Cuy 5Bios 1.09905(5) 2.39531(14)  2.618
Al-6 Al;5Cu; oBios 1.09891(6) 2.39512(16)  2.561 2.50(2)
A7 Al;sCuosBros  1.09803(3)  239298(12) 2563  2.48(2)

* Density calculated from X-ray measurement
** Flotation in a mixture of methylene iodide and benzene

Table 4 Vickers microhardness of Al,CuyBiops crystals.

Run Compound Indentation Vickers microhardness

No. (AlCuyBios) plane (GPa)

Al-1 Al sCuy 9Bos {001} 25.4-28.9
Al-2 Al oCuy oBios {001} 25.8-30.1
Al-3 Al;1Cuy 0Bios {001} 25.0-30.7
Al-5 Al;5Cu; sBios {001} 24.8-30.4
Al-7 Al;7Cug sB1os {001} 25.0-30.4

Load: 4.9 N, Load time: 15 sec
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LR EE R LTV 5, I OEEIE ALCUBios i

AT A/NSRBEHERILCL A DD LIEETE S,
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ALCuBis i DO ¥ v # — AN & 13 Hy = 24.8
~30.7 GPaD#IFANTH %,
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