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Equilibrium Diagram 
The equilibrium phases in the Cu-B system are: (1) the 
face-centered cubic terminal solid solution based on Cu 
with  l imi t ed  s o l u b i l i t y  of B a m o u n t i n g  to - 0 . 2 9  
at.% maximum; (2) the terminal solid solution based on B, 
hav ing  s e v e r a l  a l l o t rop i c  mod i f i ca t i ons  w i th  the  
~-rhombohedral form dominant at elevated temperatures, 
and the fl-tetragonal and, possibly, a-rhombohedral and 
a- te t ragonal  forms s table  at  low tempera tures .  The 
stability ranges for these are not well defined. The maxi- 
mum recorded solubility of Cu in B is between 3.65 and 
4.17 at.%, with retrograde characteristics at  elevated 
temperatures. 

The Cu-B phase diagram displayed in Fig. 1 is of the 
simple eutectic type with no intermediate phases present. 
T h e  high melting point of B and its strong affinity for 
oxygen in the liquid state presented difficulties in alloy 
preparation and in identification of equilibrium phases in 
earlier studies [Hansen]. The occurrence of a eutectic reac- 
tion between the Cu-rich terminal solid solution and the 
compound, CUB22, was earlier reported by [54Lih] by 
m e a n s  of thermal, X-ray, microscopic, electrical conduc- 
tivity, and hardness measurements. The study, however, 
extended up to -11  at.% (2 wt.%) B. Subsequent studies by 
[65Wall, [65Smi], and [70Rex], employing thermal, micro- 
scopic, and X-ray methods confirmed the occurrence of the 
eutectic reaction, but the constituent phases were shown 

to be the terminal solutions of Cu with that of B and not 
with CUB22. It  was concluded that  CUB22 does not occur as 
a separate equilibrium phase. 

Liquidus and Solidus. The eutectic temperature and com- 
position values from the foregoing studies, together with 
those from [74Pit], are all based on thermal analysis and 
metallography and are presented in Table 1. The results of 
[54Lih] are based on alloys prepared by the thermit pro- 
cess of reduction of B203 or borax by Mg, Ca, graphite, or 
CaC2 and simultaneous alloying with Cu. Such processes 
are susceptible to impurity entrapments in the finished 
alloy, and this can account for the high eutectic tem- 
perature reported. Similarly, the amorphous B used for 
alloy preparation by [65Smi] is also relatively impure 
(1.9% Mg, 0.65% A1, 0.2% Fe, 0.4% SiO2, and gases), 
making the reported results inaccurate. On the other 

Table 1 Eutectic Temperature-Composition 
Values 
Eutect ic  Eutec t i c  
t emperature ,  c o m p o s i t i o n ,  
~ a t . %  B Reference  

1060 -+ 2 . . . . . . . . . . . . . . . . . . . . . . . . . . .  10.7 [54Lih] 
1008 - 4 . . . . . . . . . . . . . . . . . . . . . . . . . . .  ->10.7 [65Wall 
1021 -+ 2 . . . . . . . . . . . . . . . . . . . . . . . . . . .  10.7 [65Smi] 
1013 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -13.3 [70Rex] 
1010 -+ 1 . . . . . . . . . . . . . . . . . . . . . . . . . .  18 to 19 [74Pit] 

Fig. 1 Cu-B Equilibrium Diagram 
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hand, the B used by [70Rex] and [65Wall are of 99.8 wt.% 
and of spectrographic purity with 212 ppm total impu- 
rities (excluding the nonmetallic impurities), respectively. 
In the data of [65Wall, use of a still higher purity zone- 
refined B also was reported, and careful DTA studies 
enabled the authors to detect a possible allotropic phase 
transition in the B terminal solid solution at 1022 ~ not 
obsej'ved by others. Thus, the material and methods 
adopted by [65Wall were of sufficiently high quality to 
consider the reported eutectic temperature at 1008 -+ 4 ~ 
fairly representative. This is evident from the close agree- 
ment of the above value with those reported by [70Rex] 
and [74Pit], the latter using still higher purity material 
for alloying, namely 99.9995% B and 99.9% Cu. 

The eutectic composition, however, is not defined precisely 
by [65Wall. The value reported by [74Pit] is considerably 
higher than other literature values, and the supporting 
detailed data are not presented. By comparison, [70Rex] 
presented a complete set of results with supporting data 
for both the eutectic composition at 13.3 at.% B and the 
eutectic temperature at 1013 ~ that are consistent with 
other reported measurements and are, therefore, accepted 
as representative values. It is likely, however, in view of 
the results of [65Wall and [74Pit], that the actual eutectic 
composition may be higher than the extrapolated value 
given by [70Rex]. The plots of the hypoeutectic liquidus 
from different works are shown in Fig. 2. 

The initial slope of the liquidus at the Cu end appears to 
be very sensitive to the presence of impurity elements, the 
magnitude of the slope increasing with progressive purity 
of the melt. Thus, the liquidus given by [54Lih] for the 
melt with supposedly highest impurity content has the 
least initial slope (approximately - 4  ~ B) followed 
closely by that of [65Smi], whereas the liquidus given by 

[65Wall shows the highest initial slope (approximately 
-11 ~ B). Similar estimation is not possible from 
the data of [70Rex] for lack of sufficiently dilute alloys. 
The authors, however, observed a progressive shift of the 
liquidus from the ideal solution to lower slopes with in- 
creasing solute content. The difference in the slope was 
attributed to the deviation of the solution from ideality 
and to an increase in the activity coefficient of Cu from 
1.00 in the pure state to -1.06 at 10.7 at.% B. This would 
imply an increasing tendency toward segregation in the 
melt with increasing B content. This hypothesis is sup- 
ported by the existence of miscibility gaps in the liquidus 
in several binary systems of B, namely with Ag, Au, Ge, 
Pb, and Sn [65Wall. Also, theoretical considerations by 
[50Hill and [65Mot] support this hypothesis. In fact, as 
observed by [65Wall and [70Rex], Cu-B is perhaps the only 
system of B with Group-B metals that does not display a 
miscibility gap in the liquidus. 

Although the liquidus ordinarily can be determined with 
greater precision than the solidus, in the present situation 
the likely strong effect of impurities on the liquidus slope 
and the lack of data from sufficiently dilute alloys preclude 
accurate determination of the initial slope of the liquidus. 
Alternatively, the liquidus could be estimated from a 
knowledge of the initial slope of the solidus, provided that 
reliable experimental data of the solidus boundary exist. 
For infinitely dilute solution, application of van't Hoffs 
equation produces the following relationship between the 
limiting slopes of the liquidus and solidus phase bound- 
aries [68Gor]: 

AT AT[ AHc. ~e A_~BT] 
XB e XB" 1 + R(Tcum)2 (Eq 1) 

In this equation, A T / X B  e and A T / X B  ~ are the initial slopes 

Fig. 2 Hypoeutectic Liquidus in Cu-B System 
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of the liquidus and solidus, respectively; Tc, m is the melt- 
ing point of Cu (1358.02 K); and hHc, ~e is the enthalpy 
of fusion of Cu (13.054 kJ/mol [Hultgren]). For 
AT/XB ~ -- -250 ~ B, based on terminal solid solu- 
bility data of B in Cu from [65Smi], the estimated value of 
AT/XB ~ calculated from Eq I is -11.2 ~ B. This is in 
close agreement with the initial slope of the liquidus de- 
rived from the experimental data of [65Wall. Accordingly, 
the liquidus curve from [70Rex] is modified in Fig. 2 at the 
dilute end to correspond to the above initial slope for ther- 
modynamic compatibility with the initial slope of the 
solidus line. The suggested initial slope of the liquidus 
is somewhat higher than that estimated by [71Rao] based 
on the solubility data of [54Lih]. 

The hypereutectic portion of the liquidus has been mapped 
by means of thermal analysis by [70Rex] and [65Wall in 
the lower and upper sections of the temperature range, 
respectively. Where the two measurements overlap, the 
data points differ by a large offset, precluding the adoption 
of a smooth liquidus over the entire temperature range. 
The temperature measurements by [65Wall at these high 
ranges were done by pyrometric method and are claimed to 
be subject to a • ~ error. Even allowing for this margin 
of error, the initial slope of the liquidus at the B end turns 
out to be higher than the theoretical limiting slope of 
about 9.3 ~ Cu, corresponding to zero solubility of 
Cu in B, as calculated from Eq 1. The initial slope in the 
above was computed from the interpolation of liquidus 

Table 2 Solubility of Cu in B 
Temperature, Cu in solution, 
~ at.% Comment Reference 

950 . . . . . . . . . . . . . . . . . . . . . .  --2.83 (a) [70RexJ 
1300 . . . . . . . . . . . . . . . . . . . . .  - 3 . 17  (b) [74Pit]  
1500 . . . . . . . . . . . . . . . . . . . . .  - 3 . 4 7  
1700 . . . . . . . . . . . . . . . . . . . . .  - 3 . 6 5  

? . . . . . . . . . . . . . . . . . . . . . .  - 3 . 4 5  (c) [74And] 
1500 . . . . . . . . . . . . . . . . . . . . .  - 4 . 1 7  (d) [74Hig]  
(a) Suggested maximum solubility based on alloys made from electrolytic 
Cu and 99.8 wt.% B. (b) EPMA studies on crystals extracted by chemical 
and electrolytic etching from bulk alloys made from 99.9995% B and 99.9% 
Cu by induction melting under argon atmosphere. (c) X-ray studies on 
B-solid solution phase, CuB2s, in a two-phase alloy of composition CUB21, 
prepared from 99.8% crystalline B and 99.99% Cu by arc melting under 
pure argon. (d) X-ray studies on single crystal of CuB23.o• prepared 
from 99.5% B and 99.99% Cu heated to 1500 ~ for 5 h under argon and 
cooled to room temperature. 

data between 90 at.% B (1955 + 30 ~ and pure 
B (2092 ~ [81BAP]. Studies indicate that  Cu has finite 
solubility in B even at high temperatures (e.g., -3 .65 at 
1700 ~ so that  the magnitude of the initial slope of the 
liquidus should be still lower than 9.3 ~ Cu. Thus, 
the data of [65Wall do not appear to be compatible for 
drawing the liquidus, particularly near the B-rich end. 
Therefore, the hypereutectic liquidus is tentatively drawn 
conforming closely with the data of [70Rex], so that  the 
extrapolated limiting slope at pure B is compatible with 
the thermodynamically acceptable value. Further  work is 
needed to establish the liquidus at high temperatures. 

Information on the outline of the B end of the solidus is 
available from the studies of [74Pit] and [74Hig] involving 
the equilibration of the B-rich Cu melt at specific high 
temperatures,  followed by cooling to room temperature. 
The composition of the extracted crystalline forms of the 
B-rich solid solution is then determined. Using melts made 
from 99.9995% B and 99.9% Cu in an induction furnace 
(under argon) and held for 40 minutes  at each tem- 
perature, [74Pit] obtained the following solubility versus 
temperature values by the electron probe microanalysis: 
CuB2s.4 (96.35 at.% B) at 1700 ~ CuB27.s (-96.53 at.% B) 
at 1500 ~ and CuB3o5 (-96.83 at.% B) at 1300 ~ Like- 
wise, [74Hig, 76Hig] reportedly obtained a single crystal 
of CuB23.o• (-95.83 • 0.02 at.% B) at 1500 ~ using 
the solution growth technique by holding melt made from 
99.5% B and 99.99% Cu for 5 h at 1500 ~ (under argon) 
and subsequently cooling. These results are presented in 
Fig. 1 and in Table 2. They indicate the formation of a 
retrograde solubility of Cu in B. The solubility limit (3.5 
at.% Cu according to [74And]) is not well defined. It is 
apparent that the accuracy of the above results depends 
on the rapidity of cooling of the alloys from high tem- 
peratures. Thus, it is possible that the reported solubility 
figures may be somewhat lower than the equilibrium 
values. 

Terminal Solid Solubility. The solid solubility of B in Cu, 
according to [65Stall, is -0 .29  at.% B at the eutectic 
temperature, presumably corresponding to -1013 ~ and 
0.06 at.% B at room temperature. Earlier results obtained 
by [54Lih] were higher, specifically 0.53 and 0.35 at.% B, 
respectively. This possibly is due to higher impurity con- 
tents. It  is likely that  the actual solubility is even lower 

Table 3 Cu-B Crystal Structure Data 
Approximate 
composition, Pearson Space Lattice parameters, nm 

Phase at.% B symbol Prototype group a c Comment Reference 

Cu . . . . . . . . . . . . . . . . . . . . . . . . . .  0 cF4 Cu F m 3 m  0.36147 . . .  (a) [Landolt- 
BSrnstein] 

(Cu) . . . . . . . . . . . . . . . . . . . . .  0.29(max) cF4 Cu Fm3m 0.36196 ... (b) [701~x] 
(B) . . . . . . . . . . . . . . . . . . . . . . . . .  ~>96 tP192 aA1B12 P41212 1.126 1.414 (c) [65Wall 

p 41212 (?) 
(B) . . . . . . . . . . . . . . . . . . . . . . . . .  ~>96 hR 105 B R3m 1.108 2.411 (d, e) [70Rex] 

1.09605 2.38793 (e, f) [76Lun] 
B(~-rhombohedral) . . . . . . . . . .  100 hR 105 B R3m (g) 1 .09302  2.38166 (h, j, k) [76Lun] 

1.0145 (j, m) L63Hug] 
hR 12 aB R3m 0.4908 1.2567 (e, j, n, p) [59Dec] 

0.5057 (j, n, q) [59Dec] 
tP192 aA1B12 P 4 1 2 1 2  1.0061 1.4210 (j, r, s) [698ul] 

P43212 (?) 

B(a-rhombohedral) .......... 100 

B(fl-tetragonal) ............. 100 

(a) At 18 ~ for elemental Cu. (b) From two-phase alloy annealed at 950 ~ (c) On two-phase alloy containing 90 at.% B. (d) On 2.8 at.% Cu in B 
specimen at 950 ~ (e) In terms of hexagonal unit cell. (f) For 2.32 at.% Cu in B. (g) [70Hoa, 70Gei]. (h) Zone-refined boron of 99.9999% purity; in terms 
of hexagonal unit cell. (j) On elemental boron. (k) Stable down to 1400 ~ [70Amb]. (m) a = 65 ~ 17' for rhombohedral unit cell. (n) On single crystal 
of B. (p) Stable below 1000 ~ [7lAmb]. (q) For rhombohedral unit cell, a = 58.06 ~ (r) Possibility of being stabilized in presence of impurities such as 
carbon [71Plo]. (s) Stable down to between 1100 and 1200 ~ [70Amb]. 
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than that given by [65Smi]. On the B-side, the maximum 
s o l u b i l i t y  o f  C u  i n  B o b t a i n e d  b y  [70Rex]  o n  s a m p l e s  
a n n e a l e d  at  9 5 0  ~ is  2.8 a t .% C u  a n d  is c o n s i s t e n t  w i t h  
o ther  r e s u l t s  a t  h i g h e r  t e m p e r a t u r e s ,  i n d i c a t i n g  the  re t ro -  
g r a d e  so lub i l i ty .  

Crystal Structures and Lattice Parameters 
Boron occurs in nature in both amorphous [60Tal] and 
crystalline forms of several polymorphic modifications 
[74Don]. Crystal structures and lattice parameters of the 
more prevalent forms are shown in Table 3. According to 
[70Amb], the fl-rhombohedral B is stable down to about 
1400 ~ followed by fl-tetragonal B, which is stable down 
to between 1100 and 1200 ~ The a-rhombohedral B is 
found to be stable below 1000 ~ [7lAmb]. 

In the Cu-B system, the fl-rhombohedral structure is 
stable at considerably lower temperatures. [70Rex] ob- 
served this structure in a 97.2 at.% B sample annealed at 
950 ~ and [65Wal] in a 90 at.% B sample annealed at 
1000 ~ in the latter situation along with fl-tetragonal 
and a-rhombohedral forms. Impurities are reported to in- 
fluence the stability of some of the B structures, and the 
~-tetragonal form is considered by [71Plo, 7lAmb] to be 
stabilized in the presence of carbon. The preponderance of 
the ~-rhombohedral structure in the Cu-B system, even at 
temperatures considerably below 1400 ~ suggests that 
Cu stabilizes this structure [73Per]. The Cu atoms occupy 
the interstitial holes within the icosahedral framework of 
B atoms, similar to carbon atoms in the tetragonal holes in 
the ~-tetragonal structure. Lattice parameters of the ter- 
minal solid solution alloys of B having fl-rhombohedral 
and ~-tetragonal structures, according to [70Rex] and 
[65Wal], respectively, are presented in Table 3. The lattice 
parameters for the solid solution of Cu by [70Rex] show a 
finite but very small deviation from the value for pure Cu. 

Room temperature lattice parameter values versus com- 
position of the B-rich solid solutions with fl-rhombohedral 
structure, together with those for elemental B, are pre- 
sented in Table 4. These data indicate that the presence 
of Cu in the lattice increases the dimensions of the B 
framework. 

Thermodynamics 
No thermodynamic data are available for this system. The 
enthalpy of fusion values for Cu and B, used for the esti- 
mation of initial slopes of the two liquidus curves, are 
13.054 kJ/mol and 50.208 kJ/mol  [Hultgren], respectively. 
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