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Equilibrium Diagram 
The assessed Cu-Be phase diagram with select experimen- 
tal data is shown in Fig. 1. The equilibrium phases at 1 
atm are: 

�9 The liquid, (L), which is miscible at all compositions. 
�9 The fcc (Cu) terminal solid solution, which is stable up 

to the melting point of Cu at 1084.87 ~ [Melt], with a 
maximum solubility of 16.5 at.% (2.73 wt.%) Be at 
866 ~ 

�9 The bcc disordered solid solution, fl, which is stable 
above - 6 2 0  ~ this phase is formed by a peritectic 
transformation at 866 ~ on the Cu-rich side and proba- 
bly also at 930 ~ on the Be-rich side. It may also form 
congruently from the liquid at 860 ~ 

�9 The simple cubic, 7 (B 2, CsC1 type), ordered phase (also 
designated fl' in the literature), which is stable over a 
narrow phase field at off-equiatomic, Be-deficient com- 
positions. This phase is formed presumably by a higher 

order transition from fl above the critical point at 880 ~ 
and below that by spinodal transformation, inside the 
two-phase field. It is formed eutectoidally at -620  ~ 
and below that by precipitation from (Cu) via several 
intermediate metastable phases. 

�9 The Laves-type fcc phase, 8, with a broad phase field 
that extends from -64.3 at.% Be at 930 ~ to -81.5 at.% 
Be at 1109 ~ and up to 1219 ~ where it is formed by 
congruent transformation. 

�9 The bcc (flBe) allotropic modification, which is stabi- 
lized by the presence of Cu from its melting point at 
1289 ~ down to 1109 ~ at -13.7 at.% Cu; the maxi- 
mum solubility of Cu in (fiBe) is 17.3 at.% at 1199 ~ 

�9 The cph (aBe) terminal solid solution, which extends up 
to 9.5 at.% Cu at 1109 ~ and transforms congruently to 
(flBe) at -1275 ~ 

The various transformations and corresponding equi- 
librium temperatures and compositions are presented in 
Tables 1 and 2. 

Fig. 1 Assessed Cu-Be Phase Diagram with Select Experimental Data 
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(Experimental methods--thermal analysis [16Oes, 32Bor, 411wa, 52Abr, 63Gel, 82Jon, 82Kal]; microscopy [32Bor, 52Abr]; X-ray [33Tan]; 
electrical resistivity [29Mas, 32Bor]; dilatometry [42Bor]; diffusion couple and EPMA [65Ham, 68Jac].) 
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Table 1 Special Points of the Assessed Cu-Be Phase Diagram 
[- Composit ions of the 7 

respect ive  phases,  Temperature,  
Reaction at.% Be ~ 

Reaction [ Reference  (a) I 
type Composition Temperature 

L + (Cu) ~ fl . . . . . . . . . . . . . . . . . . .  ~24 16.5 

fl ~- (Cu) + T . . . . . . . . . . . . . . . . . . .  -31.5 10.4 
L ~  fl . . . . . . . . . . . . . . . . . . . . . . . . . .  28.1 

~ T~ + T2 . . . . . . . . . . . . . . . . . . . . .  45.8 
L + ~ ~ fl(?)/L + 8 ~ T(?) . . . . .  48.0 64.3 

-23.5 866 Peritectic [52Abr]; [32Bor]; (b) [16Oes, 32Bor, 
41Iwa, 79Ald] 

47.5 620 Eutectoid [79Ald] (b) [79Rio] 
860 Congruent point [52Abr] [52Abr] 
880 Critical point [70Raul 170Rau] 

-50  930 Peritectic 132Bor, 52Abr]; [ 16Oes, 42Los, 
[52Abr]; [65Ham, 52Abr, 79Ald] 
79Ald, 82don] 

Eutectoid 165Ham]; [82Jon]; [82Jon] 
[65Ham] 

Congruent point 179Ald] [82Jon] 
Eutectic [82Jon] [82Jon] 
Congruent point [63Gel] (c) [63Gell 

(flBe) ~ ~ + (aBe) . . . . . . . . . . . . . .  -86.3 -81.5 90.5 1109 

L ~ 5 . . . . . . . . . . . . . . . . . . . . . . . . . .  -78 1219 
L ~ ~ + (flBe) . . . . . . . . . . . . . . . . . .  -82  78.8 82.7 1199 
(flBe) ~- (aBe) . . . . . . . . . . . . . . . . . .  97.8 1275 

(a) Composition references, when shown separated by semicolons, refer to respective phase compositions given in column 2 in the same order of their 
occurrence. (b) Extrapolated value. (c) Interpolated value. 

Table 2 Additional Experimental Results for Cu-Be Reactions 
[-- Composit ions of the 7 

respect ive  phases,  Temperature,  Reaction I Reference  (a) 1 
Reaction aLG Be ~ type Composition Temperature 

L + (Cu) ~ fl . . . . . . . . . . . . . . . . . . .  24.1 16.4 23.6 865 Peritectic [79Aldl [65Ham] 
�9 .. 16.6 ... 870 Peritectic [52Abr] [52Abr] 

862 Peritectic 142Los] 
fl ~ (Cu) + T . . . . . . . . . . . . . . . . . . .  31 10 47.4 61.4 to 624 Eutectoid 132Bor, 29Mas, 16Oesl [82Gar] 

605 Eutectoid 179Ald] 
31 9.1 48 Eutectoid [52Abr] 
31.8 9.7 47.6 580 Eutectoid 141Iwa] [74Auv] 

590 Eutectoid [70Rau] 
605 to 610 Eutectoid [65Mor] 

608 Eutectoid [50Fill 
601 to 618 Eutectoid 144The] 

573 Eutectoid [41Iwa] 
576 Eutectoid [32Bor] 
578 Eutectoid [ 16Oes, 42Los] 

~/"~- ~ + T2 . . . . . . . . . . . . . . . . . . . . .  "'" 885 Critical point 179Ald] 
�9 -- 890 Critical point 152Abr] 

L + ~ ~ fl(?) . . . . . . . . . . . . . . . . . . .  47.8 50.8 ..- 933 Peritectic [70Ald]; [65Ham, [65Ham, 32Bor] 
82Jon]; ... 

L + ~ ~ T(?) . . . . . . . . . . . . . . . . . . . .  48.4 49.6 .-. 933 Peritectic [82Jont; 132Bor]; [65Ham, 32Bor] 

(flBe) ~- 8 + (aBe) . . . . . . . . . . . . . .  82.7 ... 92.5 

L ~ 8  . . . . . . . . . . . . . . . . . . . . . . . . . .  ... 

1 1 1 7  Eutectoid [50Kaul [63Gel] 
1 1 4 8  Eutectoid [42Los] 
1239 Congruent point [79Ald, 16Oes] 
1 2 1 5  Congruent point [32Bor] 

(a) Composition references, when shown separated by semicolons, refer to respective compositions given in column 2 in the same order of their occurrence. 

Liquidus and Solidus. For the most part,  the liquidus has 
been fa i r ly  wel l  es tabl ished t h rough  the rma l  analys is  
measurements .  The solidus is less welt defined, because 
these measurements ,  except for those of [63Gel], [82Jon], 
and [82Kal], were obtained dur ing cooling. Detailed re- 
views of the early works are g iven in [Hansen], [49Ray], 
and [79Ald]. 

For the l iquidus between 0 and - 2 5  at.% Be, the data of 
[16Oes], [32Bor], [41Iwa], and [52Abr] are in good agree- 
ment,  and the accepted l iquidus is drawn through them, 
as shown in Fig. 2 and Table 3. Between - 2 5  and 48 at.% 
Be, the l iquidus is based on the data  of [52Abr] and a sin- 
gle  t h e r m a l  po in t  f rom [82Kal] .  R e s u l t s  of [16Oes],  
[32Bor], and [41Iwa] in this region indicate unreal is t ic  
p h a s e  relationships.  The existence of a m in imum in the fl 
l iquidus and solidus (congruent  point) was suggested by 

[16Oes], [32Bor], and [42Los]. The accepted value of 28.1 
at.% Be and 860 ~ is based on [52Abr]. The  da ta  of 
[16Oes], [32Bor], [52Abr], and [82Kal] are  in fair agree- 
ment  between 45 and 65 at.% Be, and the accepted liq- 
uidus is drawn through them (see Fig. 1). Almost  no data 
are available between 65 and - 7 5  at.% Be for e i ther  the 
liquidus or the solidus. 

The h igh- tempera ture  section of the phase d iagram be- 
tween 75 and 85 at.% Be is based pr imar i ly  on the works 
of [82Jon] and [82Kal]. Alloys were made from 99.65 wt.% 
Be and electrolytic Cu. DTA, X-ray, microscopy, and mi- 
croprobe analysis techniques  were used. The 8 phase was 
indicated to mel t  congruent ly  at 1219 ~ at about 78 at.% 
Be (see Fig. 3). This is consistent with the the rmal  arrest  
data of [16Oes] nea r  this  composition and the l iquidus 
max imum observed by [32Bor] at  1215 ~ near  the CuBe3 
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Fig. 2 Cu-Be Liquidus and Solidus at the Cu-Rich End of the Cu-Be Phase Diagram 
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Table 3 Cu-Be Liquidus and Solidus Data 
Liquidus Solidus Liquidus Solidus 

Composition, temperature,  temperature,  Composition, temperature,  temperature,  
Reference at.~ Be ~ ~ Reference at.~ Be ~ ~ 

[160es[ . . . . . . . . . . . . . . . . . .  7.03 1029 951 [41Iwa](cont'd) ......... 15.5 956 . . .  
15.2 953 866 17.9 935 . . .  
20.66 902 862 20.3 910 . . .  
22.55 880 865 {52Abr] . . . . . . . . . . . . . . . . . . .  17.4 970 870 
24.8 865 857 19.9 914 871 
34.4 886 . . .  21.3 895 870 
37.8 890 . . .  22.7 886 868 
40.9 897 . . .  24.0 871 867 
42 910 . . .  25.4 868 864 

[32Bor] . . . . . . . . . . . . . . . . . .  1.7 1075 1050 27.1 864 862 
2.7 1064 1026 28.1 860 860 
3.2 1060 1017 30.0 871 864 
3.6 1055 1021 34.7 879 867 
4.2 1051 1002 36.7 881 870 
6.6 . . .  950 41.1 904 877 

10.25 1005 913 43.3 916 891 
11.0 990 890 46.5 928 916 
12.7 981 887 49.1 946 929 
13.7 970 877 182Kall . . . . . . . . . . . . . . . . . . . .  19 917 to 907 867 to 863 
15.8 950 868 45 926 to 920 911 (h) 
17.0 943 865 62 1125 to 1123 931 to 930 
18.4 923 866 i82Jon, 82Kal] .. . . . . . . . .  75 1216 to 1211 l 19 1 (h )  
20.8 910 866 77 1219 to 1215 1201 (h) 
23.3 875 865 79 1220 to 1216 1199 (h,c) 
24.3 866 856 81 1214 (h,c) 1199 (h,c} 

(41Iwa] . . . . . . . . . . . . . . . . . .  6.0 1025 . . .  83 1237 to 1235 1209 (h) 
9.6 997 . . .  1262 to 1258 1247 (h) 

12.6 983 

Note: Accepted results are shown in boldface. The upper and lower temperature limits in the data of [82Kal] and [82Jon] represent results obtained from 
heating (h) and cooling (c) curves in DTA, respectively. Data from other references are also based on thermal analysis, but from cooling curves only. 
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Fig. 3 Section of Cu-Be Phase Diagram at the Be-Rich End of the Cu-Be Phase Diagram 
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Fig. 4 Solvus of the Primary Solid Solution, (Cu), in the Cu-Be System 
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Table 4 Solid Solubility of Be in (Cu) 

Temperature,  V Composit ion,  7 
Reference Method ~ at//e Be wt.% Be 

[29Mast . . . . . . .  Electrical 800 to 810 14.8 2.4 
conductivity 750 13.03 2.08 

680 11.56 1.82 
610 10.11 1.57 
560 8.62 1.32 
480 6.4O 0.96 
4OO 5.12 O.76 

[32BorJ . . . . . . . .  Microscopy 866 16.65 2.75 
Interpolated 800 15.3 2.5 

value 700 13.30 2.13 
600 10.46 1.63 

Electrical 565 8.5 1.3 
resistivity 550 8.13 1.24 

Microscopy 500 6.52 0.98 
Electrical 

resistivity 440 5.4 0.8 
[33Tan] . . . . . . . .  Lattice 800 12.80 2.04 

parameter 700 11.6 1.8 
66O 10.6 1.7 
560 8.4 1.3 
550 7.9 1.2 
500 6.5 1.0 
460 4.7 0.7 
400 2.8 O.4 
350 1.8 0.26 

[42Bor] . . . . . . . .  Dilatometry 500 6.7 1.0 
466 4.7 0.7 
379 2.1 0.3 

[42Los] . . . . . . . .  Dilatometry, R.T. 4.7 0.7 
thermal, and 846 16.4 2.7 
microscopy 

[52Abrl . . . . . . . .  Microscopy 870 16.6 2.75 
840 15.8 2.59 
800 14.6 2.37 
725 12.9 2.06 
650 10.9 1.71 
578 9.1 1.40 
500 5.20 0.77 
350 <3.75 <0.55 

Note: Accepted results are shown in boldface. 

composition. A higher liquidus temperature (1239 ~ at 
CuBe3 composition was indicated by [42Los], but their  liq- 
uidus data have been known to be systematically higher 
at other compositions. [82Jon] obtained a three-phase eu- 
tectic equilibrium between the L, 8, and (/3Be) phases at 
1199 ~ compared to 1150 ~ reported earl ier  by [42Los]. 
The temperature for the eutectoid reaction (/3Be) ~ 6 + 
(aBe) obtained by them was 1109 ~ as compared to 
1117 ~ by [63Gel] and 1090 -+ 5 ~ by [65Ham]. The eu- 
tectoid temperature given by {82Jon] is accepted in this 
evaluation, being intermediate to the results of [63Gel] 
(based on DTA measurements during heating but using 
less pure materials) and of [65Ham] (using higher purity 
materials,  but based on a less definitive method, i.e., the 
diffusion couples). 

Both the liquidus and the solidus above - 8 5  at.% Be and 
the corresponding solvus were determined by [63Gel] us- 
ing relatively high-purity Be (combined metallic and in- 
terst i t ial  impurities of -0 .06  wt.%) and thermal analysis 
measurements during heating (Fig. 3). 

The (Cu) solidus is based on the data of [32Bor], which is 
also consistent with the l imited data of [16Oes] (see Fig. 2 
and Table 3). The accepted peritectic compositions and the 

Table 5 Solid Solubility of Cu in (aBe) 

Temperature,  Composit ion,  
Reference Method ~ at.% Cu 

[65Ham, 68Jac] _.EPMA (a) 1090 9.5 
1048 8.2 
1000 7.35 
900 6.7 
825 6.0 
750 5.3 
700 4.3 

177Mye] (b) ......... Ion backscattering 750 5.5 -+ 1.0 
analysis 500 4.25 

400 3.62 
Neon irradiated 320 3.0 

ta) EPMA Electron Probe Micro-Analysis. (b) xl5C~ accuracy. 

temperature  invar iant  at 866 ~ are derived from the 
thermal arrest  results of [16Oes], [52Abr], and [82Kal]. 
Between - 2 5  and 48 at.% Be, the solidus of the/3 phase is 
based on the only available data  of [52Abr] (see Fig. 1 and 
2). The peritectic invariant  at 930 ~ is accepted from the 
thermal arrest  results of [16Oes], [52Abr], and [82Kal]. 
The 6 solidus between 65 and 75 at.% Be is tentat ive and 
is based on the l imited da ta  of [16Oes], [32Bor], and 
[82Jon]. The (fiBe) solidus is based on the works of [63Gel] 
and [82Jon] as discussed earlier. 

The melting points of Cu and Be are 1084.87 and 1289 ~ 
respectively [Melt]. The flBe ~ aBe allotropic transforma- 
tion temperature of Be is 1270 ~ 

Solubility of Be in Cu. The limits of the pr imary solid solu- 
t ion of (Cu) are well es tab l i shed  through opt ical  mi- 
croscopy [32Bor, 52Abr], electrical conductivity [29Mas, 
32Bor], la t t ice  p a r a m e t e r  [33Tanl,  and d i l a t ome t r i c  
[42Bor] measurements. As shown in Fig. 4, there is good 
agreement  among the resul ts  of 129Mas], [32Bor], and 
152Abr] above 500 ~ although below this temperature,  
the X-ray la t t ice  p a r a m e t e r  and d i l a tome t ry  da ta  of 
133Tan] and [42Bor], respectively, are more reliable. In 
view of the excellent agreement  among the results, the 
solvus above the eutectoid temperature is drawn through 
the data of [29Mas] and [52Abr] and below the eutectoid 
temperature through the data of [33Tan] and [42Bor]. The 
data of [33Tan] deviate considerably from the accepted 
values at higher temperatures.  This trend may be inher- 
ent in the lattice parameter  method and may be due to the 
change in composition of the powder specimen through 
contaminat ion or through decomposition of one of the 
high-temperature phases during quenching [52Hum]. 

Decomposition of the fl phase is difficult to suppress by 
quenching. Below the eutectoid temperature,  these objec- 
tions do not exist, and the lattice parameter  method is ap- 
parent ly  more accurate than  the microscopic method, 
because the lat ter  often fails to detect fine precipitates 
formed at lower temperatures and infers a wider single- 
phase field. Electrical  conductivity measurements ,  al- 
though suitable for de terminat ion  of solid-state phase 
boundaries at  low temperatures,  show scatter in the data 
of [29Mas] and [32Bor], which may be related to the lack 
of equilibrium in the structure. Experimental  data  on the 
solubility of Be in (Cu) are presented in Table 4. 

Solubility of Cu in Be and in the Be-Rich Portion of the 8 
P h a s e .  The solid solubility of Cu in (aBe) and (/3Be) and in 
the Be-rich portion of the Be-Cu intermediate phase, 8, is 
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reduced in the presence of impurities. [50Kau] determined 
the former between 600 and 1100 ~ by X-ray and metallo- 
graphic methods using Be of 99.69 wt.% purity. [52Abr] 
determined the latter between 500 and 850 ~ by metal- 
lography using Be of unspecified purity. [65Ham] and 
[68Jac] made accurate determinations of both boundaries 
between 1100 and 700 ~ by electron probe microanalysis 
(EPMA) of diffusion couple sandwiches using zone-refined 
Be of 99.994 wt.% (99.998 at.%) and Cu of 99.999 wt.% 
purity. The results (Fig. 1 and 3 and Table 5) indicate fur- 
ther extensions of both single-phase fields, ~ and (aBe). 
Thus, at the eutectoid temperature  (1109 ~ the solubil- 
ity of Cu in (aBe) reaches the maximum of 9.5 at.%, com- 
pared to the value 7.5 at.% at 1100 ~ given by [50Kau]. 
Above 1109 ~ the boundaries of the (aBe) phase field are 
derived from the DTA measurements  of [63Gel]. They also 
demonstrated that  compared to Cu, metals like Ni, Co, Fe, 
and Cr have progressively lower solubility in Be. Because 
Cr, Fe, and Ni impurit ies were present  in significant 
amounts (0.112 wt.% total) in the Be used by [50Kau], the 
reduced terminal solubility could be related partially to 
impurity effects. 

[77Mye] extended the measurements  for the solubility of 
Cu in (aBe) to lower temperatures,  ranging from 750 to 
320 ~ by enhancing  the  di f fus ivi ty  in the samples  
through neon irradiation. The diffusion couples were pre- 
pared by ion implantation of Cu into single crystals of Be 
of 99.987 at.% purity, and the compositions were esti- 
mated by ion backscattering analysis. The results are pre- 
sented in Fig. 1 and Table 5. The accepted results are 
taken from [65Ham] and [68Jac] and for the lower temper- 
atures from [77Mye], in view of the high-purity metals 
and accurate measuring techniques used by these authors. 

fi/((Cu) + f l )  Boundary. This boundary was determined 
by optical microscopy by [29Mas], [32Bor], [41Iwa], and 
[52Abr]. The results are in good agreement. The accepted 
boundary is drawn through the data of [29Mas], [32Bor], 
and [41Iwa] (see Fig. 1). 

tS/(fl + 1,) and 1,/(fl + 1,) Boundaries. Earlier works erro- 
neously indicated that  the fl and ~/phases were formed by 

two separate peritectic transformations and that  the (fl + 
~,) two-phase field t e rmina ted  at the lower peritectic 
isotherm. [51Gru1] proposed a closed (fi + y) field that 
formed a two-phase field. This was confirmed by [52Abr] 
and [70Rau], who experimentally determined the gap 
boundaries. The accepted gap shown in Fig. 1 is taken 
from [70Rau] and has a triangular shape with a sharp 
maximum point at 45.8 at.% Be and 880 ~ See the sec- 
tion "fl ~ ~, Order-Disorder Transformation" for further 
details. 

~'/(1, + 6) Boundary. This boundary is based on the metal- 
lographic data of [52Abr]. The resulting ~, phase field is 
deficient in Be (by - 1  at.%) from the ideal equiatomic 
composition. The data of [65Ham] from high-purity Cu-Be 
diffusion couples indicate the boundary at slightly higher 
(0.4 to 0.8 at.%) than equiatomic Be composition. How- 
ever, in view of the re la t ively  lower accuracy of mi- 
croprobe analysis at these compositions, the boundary 
given by [52Abr] is accepted in this evaluation. 

1,/((Cu) + 1,) B o u n d a r y .  The studies of [41Iwa] suggest 
that  this boundary shifts to higher Be content immedi- 
ately below the eutectoid temperature (620 ~ thus nar- 
rowing the y field considerably. The assessed boundary is 
tentatively shown by a dotted line. 

6/(1, + 6) Boundary. This boundary is drawn from the 
only available data [65Ham, 68Jac], which are based on 
high-purity Cu-Be diffusion couples tha t  were equili- 
brated isothermally at different temperatures. The compo- 
sitions were determined by EPMA. 

/~ ~ (Cu) + 1' Eutectoid Transformation Temperature. 
All determinations of this temperature made during cool- 
ing of the sample  were uniformly low, regardless  of 
whether they were based on thermal  analysis (573 to 
598 ~ [16Oes, 32Bor, 41Iwa, 42Los, 50Fill or other meth- 
ods (590 to 601 ~ [44Tho, 70Rau] (see Table 6). The cor- 
responding temperatures measured during heating were 
always higher, regardless of whether they were based on 
thermal analysis (614 ~ [50Fill, electrical conductivity 
(618 ~ [44Tho], or isothermal decomposition methods 
(605 to 608 ~ [50Fil, 65Mor]. The existence of a temper- 

Table 6 Reported f l  ~ a + 1' Eutectoid Temperatures 

Temperature, 
Reference ~ Method Thermal mode 

[16Oes] ................................................... 575 to 577 
[32Bor] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  575 
[41Iwa] ................................................... 573 
[42Los] ................................................... 578 
[44Tho] ................................................... 601 

618 
[50Fill . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  598 

614 
6O8 

[65Mor] ................................................... 605 to 610 
[70Rau] ................................................... 590 

[71Shi2] .................................................. ---620 
[74Auv] .................................................. 580 
[79Rio] .................................................... -620 
[82Gar] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  614 to 624 

[82Kal] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  600,597 
583,547 

(a) DSC ~ differential scanning calorimeter, tb) SAD --- selected area electron 

Thermal analysis Cooling 
Thermal analysis Cooling 
Thermal analysis Cooling 
Thermal analysis Cooling 
Electrical conductivity Cooling 

Heating 
Thermal analysis Cooling 

Heating 
Isothermal transformation 
X-ray, microscopy 
X-ray (disappearing 

phase method) 
Reversion experiment 
DSC (a), X-ray 
DSC 
X-ray (disappearing 

phase~, TEM, SAD Ib) 
DTA 

diffraction. 

Average of heating 
and cooling 

Heating 
Heating (?) 
Heating <-40 ~ 
Heating from R.T., 

isothermal holding 
Heating (3 K/min) 
Cooling (3 K/min) 
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ature hysteresis of 16 to 20 ~ between heating and cool- 
ing [44Tho, 50Fil, 70Rau] reported in these  studies 
suggests that  the reaction kinetics are very sluggish near 
the invar iant  temperature .  This was also reported by 
[82Gar], who located the transformation temperature be- 
tween 614 and 624 ~ based on isothermal phase disap- 
pearance studies of alloys (designated as high purity) at 
high temperatures by X-ray, supplemented by transmis- 
sion electron microscopy (TEM), and select area electron 
diffraction (SAD) studies. Thus, the invariant  tempera- 
ture is apparently higher than previously indicated. How- 
ever, the purity levels of the different alloys studied are 
not known. This fact, together with the difficulty in at- 
taining equilibrium at the invariant temperature,  makes 
the selection of the eutectoid temperature from the re- 
ported results difficult. The accepted temperature is taken 
tentatively from the highest reported temperature during 
heating, namely 620 ~ [79Rio], which lies within the tem- 
perature limits of [82Gar]. 

fl ~ (Cu) + 7 Eutectoid Transformation. The/3 phase can- 
not be retained in the completely disordered state, regard- 
less of the composition or the severity of the quenching 
rate {77Auv], which is contrary to the earlier reports of 
[50Fill. The initial rate of decomposition is slower for hy- 
poeutectoid (<31.5 at.% Be) alloys, because proeutectoid 
fcc (Cu) requires more atomic rearrangement to form from 
the bcc fi phase. In contrast, the reaction rate is very rapid 
for hypereutectoid compositions, where the proeutectoid 7 
phase has the CsCl-type structure, which is a crystallo- 
graphic derivative of the bcc structure [55Vis, 62Zak, 
73Tad, 73Tya1, 73Tya2, 74Auv, 77Auv]. The decomposi- 
tion of the hypereutectoid /3 phase proceeds as follows 
[73Tad, 73Tyal, 73Tya2, 74Auv, 74Gol, 77Auv]: 

B ---"/3" + fl --' 7 + B -+ 7 + (Cu)r -+ 7 + (Cu) 

The precipitation of the ordered 7 phase from the fl phase 
is preceded by the formation of the metastable ordered 
phase fl" of stoichiometry Cu2Be, having a te t ragonal  
structure [73Tyal, 73Tya2]. Superlattice reflections for 
this phase are observed in addition to those due to the 7 
phase [77Auv]. The formation of the metastable fl" phase 
was observed only after severe quenching, such as splat 
cooling [73Tyal, 77Auv]. During the early stage of forma- 
tion of the 7 phase, <001>satel l i te  reflections were also 
observed near the fundamental spots, along with <001> 
striations in the electron micrograph [77Auv]. These phe- 
nomena indicate the formation of periodic modulations of 
the Cu concentration that  result from the progressive re- 
jection of excess Cu from 7. This produces fine Cu platelets 
on {001}y planes [73Tad, 77Auv]. Eventually, this reaction 
leads to the formation of the transit ional (Cu)T phase, 
which has a te t ragonal  s t ructure .  Depending on the  
quenching rate or annealing conditions of the quenched 
alloy, the transition from the metastable (CU)T to equi- 
librium (Cu) proceeds through a series of intermediate 
stages of successive misorientations and variations in lat- 
tice parameters  [73Tad, 77Auv]. 

fl ~ 7 Order-Disorder Transformation. [52Abr] deter- 
mined the (/3 + 7) two-phase field by optical microscopy 
from the distribution of phases in specimens quenched 
from high temperatures. The results indicated an asym- 
metric two-phase field with a rounded top and a maximum 
temperature of 890 ~ at 45.2 at.% Be, as shown in Fig. 5. 
[70Rau] refined the shape further, based on equilibrium 
phase distribution and phase disappearance studies, cou- 
pled with lattice parameter measurements by X-ray dif- 

Fig. 5 Section of the Cu-Be Phase Diagram Showing Proposed Relationship Between Higher Order 
Transition and Two-Phase Field 
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fraction at high temperatures. The resultant phase field is 
markedly angular in shape with the maximum located at 
880 ~ and 45.8 at.% Be. Compared to the uncertainties of 
retaining the equilibrium distribution of phase mixtures 
from high temperatures in the quenched structure, as in 
the works of [52Abr], the in s i tu  high-temperature mea- 
surements by [70Rau] are more reliable for the determina- 
tion of the phase boundaries. However, the data of [70Rau] 
show considerable scatter at the fl/(fl + 3,) boundary. This 
may be due to the lack of equilibrium in the samples, par- 
ticularly because these alloys are noted for sluggishness 
in reaching equilibrium. The authors did not report any 
specific measures to overcome this. 

Above the maximum temperature,  a continuous solid so- 
lution field between the fl and 3' phases was indicated by 
[52Abr]. This is, however, not possible, and a higher order 
transition boundary must exist in this region. This was 
ind ica ted  s c h e m a t i c a l l y  by [70Rau].  However ,  the  
boundary of the continuous order-disorder transition at 
which the fl and 3, phases are indistinguishable (with re- 
spect to volume, entropy, or composition) was not deter- 
mined. [70Rau] indicated that  the schematic boundary 
passed through the maximum point, indicating that  the 
latter is a tricritical point. (See [37Lan], [74Gri], [76All], 
[82All].) At such a point, the higher order transition (A2 

B2) breaks into a first order transition below the maxi- 
mum in the two-phase region. However, in the absence of 
experimental evidence, the position of the intersection of 
the A 2 ~ B 2 higher order transition line with the two- 
phase field need not intersect at the maximum; more gen- 
erally it intersects to one side, at a point called a critical 
end point [82All]. Indeed [82Kal] observed, by DSC heat- 
ing, the fl ~ 3, transition for a 45 at.% Be alloy to be at 
883 ~ This would put the intersection to the left of the 
maximum of the two-phase field. [78Ino] modeled the posi- 
tion of the higher-order transition line relative to the two- 
phase field in te rms of the re la t ive  values of second 
neighbor exchange energy (positive) to first neighbor ex- 
change energy (negative). 

Within the two-phase (fl + 7) region, several sequences of 
phase transformation can be obtained. Above the extrapo- 
lated/3 ~- ~/continuous transition boundary, the/3 phase is 
stable with respect to continuous ordering and metastable 
with respect to phase decomposition. Only nucleation and 
growth of the 3, phase can occur. Below the extrapolated 
continuous transition boundary, the fl phase is unstable 
with respect to continuous ordering. After the fi phase or- 
ders homogeneously to a phase with the same symmetry 
as 3, but the composition of the original fl, it becomes un- 
stable with respect to phase decomposition. [76All] termed 
this phenomenon the "conditional spinodal" (see also 
[82Sof]). 

Continuous vs Discontinuous Transformation. Depend- 
ing on the composition and the thermomechanical history, 
both continuous (i.e., uniformly nucleated) [52Gei] and 
discontinuous (i.e., he terogeneously  formed) [48Guy] 
modes of transformation of the supersaturated solid solu- 
tion of Be in (Cu) have been observed. Studies are reported 
in terms of the kinetic variables [60Ent, 78Tsu] and vari- 
ous metallurgical factors governing these reactions, such 
as the effects of cold work [60Ent, 71Kre], solutionizing 
temperature [75Rak, 82Ale], aging temperature [74Bon2], 
quenching  sequence [82Ale], a tomic  size difference 
[61Boh], or precipitate size and additions of third ele- 

ments ,  such as Co [49Bec, 59Tho, 66Mur,  68Mur l ,  
74Bon2, 80Tsu], Ce [80Bau], and other elements [83Mik]. 
In view of the importance of these factors in restricting 
discontinuous transformations to develop strong engineer- 
ing alloys, a short summary from the above findings is 
presented below. The nose of the T T T  curve for the discon- 
tinuous reaction shifts to higher tempera tures  and to 
shorter times with increasing Be content and to longer 
times with increasing grain size of the (Cu) phase. The 
reaction can be inhibited by deformation, or by large ran- 
dom precipitates formed prior to or during the process. 
Quenching from high solutionizing temperatures is bene- 
ficial, as it aids in the growth of continuous precipitates by 
thermal diffusion due to excess vacancies. Both Co and Ce 
are effective in suppressing the cellular reaction, Ce being 
more effective for higher aging temperatures. The forma- 
tion of cuboidal precipitates rich in Co [60Ent, 78Will or, 
alternatively, in Ce [80Bau] is believed to be the responsi- 
ble mechanism, because preferential segregation of these 
elements to the grain boundaries has not been observed. 

Effect of Pressure on Solid Solubility. No studies have 
been reported on the Cu-Be binary alloys under pressure. 
[61Phil made such studies on the commercial Cu-2.1 wt.% 
Be-0.4 wt.% Ni alloy. Application of pressure at 70 to 76 
kbar reduced the solubility of Be in Cu by half at 825 ~ 
(solutionizing temperature) and by one third at 396 ~ (ag- 
ing temperature). 

Metastable Phases 

The low-temperature decomposition of the supersaturated 
solid solution of Be in (Cu) (or a) passes through several 
intermediate metastable phases prior to the formation of 
the equilibrium precipitate phase. The sequence of phase 
separation is as follows*: 

Supersaturated solid solution: 

as- -*a  + G P z o n e - - ~ a  + 3,"--~a + 3 , ' - ~ a  + 3' 

The details of these phase transformation sequences and 
the associated metastable phases are reviewed in [80Rio]. 

GP Zone. Studies using X-ray [43Gui, 48Guy, 51Gru1, 
51Gru2, 64Tyal ,  64Tya2, 66Tya], electron diffraction 
[63Arm, 63Tan, 65Nak,  65Pfe, 66Tan, 67Sor, 69Wil, 
71Shil, 71Yam, 73Phi, 74Bonl, 80Rio], and TEM [66Tan, 
67Sor] indicated that  the GP zones are thin, essentially 
coherent monolayers of Be atoms, segregated parallel to 
the {100} planes of the matrix phase. A precursor to the 
plate-like GP zones was observed by [73Phil, [74Bonl], 
and [80Rio] and [86Koo]. [80Rio] described the precursor 
as '~equiaxed" Be clusters, and [86Koo] described the pre- 
cursor of 'el l ipsoidal" Be clusters. 

1'" Phase. X-ray [52Gei] and electron diffraction studies 
[69Yam, 71Shil, 73Phi, 80Rio] attributed the 3," phase to 
evolve from the ~'piling up" of GP zones with habit planes 
parallel to the {100} planes of the matrix a phase [65Pfe, 
68Mur2, 69Yam, 73Phi, 80Rio] and coherent with them. 
Two different orientation relationships are proposed by 
[52Gei] and [71Shill, respectively. Also see [80Rio] for a 
discussion of this topic. 

* To conform with literature usage in stable and metastable phase trans- 
formations, (Cu) phase is represented by a in this section. 
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Fig. 6 Cu-Be Metastable Solvi 
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1/ Phase. The transition from y" to 7' metastable state 
has been studied by electron diffraction [71Shil, 74Bonl]. 
Whether the 7" phase undergoes dissolution [71Sho2], or 
transforms continuously to 7' phase is not known. The ori- 
entation relationships for the 7' platelets including the 
transitional stages are discussed in [52Gei, 65Nak, 69Wil, 
71Shil, 71Yam], [80Rio]. Crystal structure and lattice 
p a r a m e t e r  m e a s u r e m e n t s  are repor ted  in [51Grul] ,  
[52Gei], [63Arm], [65Nak], [65Pfe], [66Hen], [71Shill, 
[71Yam], [74Bonl], [79Bab], and [80Rio]. 

T Phase. The continuous precipitation of 7 within the a 
grains was studied by [60Ent, 71Shil, 78Tsu]. Matrix ori- 
entation relationships were reported in [48Guy, 52Gei, 
80Rio]. Striat ion mark ings  in micrographs s imi lar  to 
those observed during GP zone formation were observed 
by [71Shill. Pret ransformat ional  modulat ion of shear  
strains and the associated martensite type of transforma- 
tion aspects were reported in [59Blo, 66Tan, 74Tyal ,  
74Tya2, 81Sva, 82Tan]. 

A metastable ordered phase of stoichiometry Cu2Be, des- 
ignated fi", has been observed to form as an intermediate 
product during the formation of ~/from the fl phase. Like- 
wise, the formation of the equilibrium ~ phase from the/~ 
phase is preceded by the formation of the metas table  
phase, aT which undergoes successive stages of modifica- 
tion prior to t r ans fo rming  into the a phase  [73Tad, 
73Tyal, 77Auv]. 

[80Gie] studied the effect of rapid  sol id i f ica t ion on 
metastable phase equilibria in the Cu-Be system. The Cu- 
rich boundary offl was found to extend to - 1 9  at.% Be (as 
compared to equilibrium 23.5 at.%), and the CsCl-type or- 
dered structure corresponding to the 7 phase was observed 
in quenched, off-stoichiometric alloys with 32 at.% Be. 

Metastable Solvi. Reversion phenomenon was studied by 
the electrical resistivity [51Gru1] and hardness methods 
[69Mis, 71Shi2]. [71Shi2] and [81Lau] delineated the 
metastable solvi for the GP zone, y", and y'  phases, by re- 
version experiments in conjunction with TEM metallogra- 
phy. The resul tan t  solvi are presented in Fig. 6. For 
details, see [81Lau]. 

Crystal Structures and Lattice Parameters 
The crystal structures and the accepted lattice parameters  
of the Cu-Be equilibrium and metastable phases are pre- 
sented in Tables 7 and 8, respectively. The experimental 
lattice parameters for fcc (Cu) are presented in Table 9. 
[33Tan] observed that  the lattice parameter  of (Cu) varied 
approximately linearly with both composition and tem- 
perature and that  it increased with decreasing Be content, 
reaching the maximum at pure Cu. Thus, alloys quenched 
from solutionizing temperatures,  being supersaturated in 
Be, have lower lattice parameter  values compared to al- 
loys that  are subsequently aged [29Dah, 65Nak]. A broad- 
ening of X-ray diffraction lines with the onset  of y '  
precipitation from the supersaturated solid solution and a 
progressive increase of lattice parameter  from 0.3584 nm 
in the quenched condition to 0.3612 nm in the aged condi- 
tion was obtained by [65Nak], with a 2 wt.% Cu-Be alloy. 
The broadening apparently arises from superposition of 
lines from (Cu) with varying compositions and lattice 
parameters during aging. On precipitation of the 7 phase, 
the X-ray lines become sharper, and the lattice parameter  
levels off to a constant value as the composition reaches 
equilibrium. The lattice parameter  did not show any nota- 
ble change during GP zone formation. 
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Table 7 Cu-Be Crystal Structure Data 
Composit ion,  Pearson Space Strukturbericht 

Phase  at.% Be symbol  group designation Prototype 

(Cu) .... . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 to 16.5 at  866 ~ 
fl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  24.5 to 43.5 at  850 ~ 
y .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  46.2 to 49 at  850 ~ 
6 .................................... Cul-x Be2+x 
(flBe) .............................. - 8 2  to 90 at 1200 ~ 
(aBe) .............................. 90.5 to 100 

M e t a s t a b l e  p h a s e s  

(Cu)r .............................. . . .  
f l ' .  .................................. 66.67 

6 ' .  .................................. 75 

(a) Tetragonal. (b) Hexagonal. 

cF4  F m 3 m  A 1 Cu 
cI2 I m 3 m  A 2  W 
cP2  P m 3 m  B 2  CsC1 

c F 2 4  F d 3 m  C15 MgCu2 
cI2 I m 3 m  A 2  W 

h P 2  P 6 J m m c  A 3  Mg 

(a/ . . . . . .  

(a~ . . . . . .  Cu2Be 
(a) . . . . . .  
(a) . . . . . .  

(b) . . . . . .  CuZn3 

Table 8 Cu-Be Lattice Parameter Data 
Approximate  
composit ion,  Temperature,  Lattice parameters,  nm 

Phase  at.% Be ~ a b c Comments Reference  

(Cu) . . . . . .  0 to 16.5 866 0.36147 
0.3612 

fl . . . . . . . . .  24.5 to 43.5 850 0.281 
. . . . . . . . .  46.2 to 49 850 0.270 

6 . . . . . . . . .  CUl x Be2§ .. .  0.5952 
0.5899 

(flBe) . . . . .  - 8 2  to 90 1200 0.25515 
(aBe) . . . . .  90.5 to 100 .. .  0.22858 + 0.00002 

M e t a s t a b l e  p h a s e s  

(Cu)r . . . . .  - . . . . .  0.375 
f l" .  . . . . . . .  66.67 .. .  0.271 
~". . . . . . . . .  . . . . . .  a / 2  = 0.253 
y'. . . . . . . . .  �9 . . . . .  0.270 
6' .  . . . . . . . .  75 .. .  0.2557 • 0.0003 

0.35843 ~ 0.00003 

At 18 ~ 0c~ Be 
(a) 
(b) 
(b) 

tc) 
At CuBe3 (x = 0.25) 

(d) 
(e) 

ILandolt] 
(29Dah, 65Nak } 
[74Auv] 
[43Gui, 52Gei, 63Pri, 

71Shil ,  71Yam, 
74Auv, 80Rio] 

[35Mis, 42Los] 
[42Los] 
[61Amo] 
[63Mac] 

0.253 
0.270 

0.326 If) [73Tad, 74Auvl 
0.87 ... [77Auv] 
0.29 ... [71Shil l  
0.256 ..- [80Rio] 

0.4179 -_ 0.0003 ... [66Mag, 69Patl  

(a) 12.6 at.% Be alloy quenched from 800 to 810 ~ and aged at 350 ~ for 5 h 129Dah]. or aged at 150 to 400 ~ up to 250 h [65Nak]. (b) 32 at.% Be alloy 
(prepared from 99.99% Be and OFHC Cu) at 750 ~ [74Auvl. (clAt CuBe 2 (x = 01 composition ix varies from -0.071 at 930 ~ to 0.455 at 
1090 ~ (d)99.97% Be (0.01% O, <0.02% C) at 1254 ~ (e)99.9% purity vacuum distilled Be 1250 ppm O) at 20.5 ~ (f} On 33.4 at.~ Be alloy 
quenched from 820 ~ in 10~c aqueous NaOH at 0 ~ data from [73Tad]. a = 0.382 nm. c/a - 0.87, according to [74Auv} for quenched 31 and 39.5 at.% 
Be alloys. 

T h e  l a t t i c e  p a r a m e t e r  v a l u e s  of  t h e  bcc fl p h a s e  a n d  t h e  
C s C l - t y p e  o r d e r e d  cubic  ~ p h a s e s  a r e  p r e s e n t e d  in  T a b l e s  
10 a n d  11, r e s p e c t i v e l y .  T h e  r e s u l t s  e x h i b i t  r e a s o n a b l e  
a g r e e m e n t .  

T h e  s o l u b i l i t y  r a n g e  of t h e  6 p h a s e  ( F i g . l )  e n c o m p a s s e s  
t h e  c o m p o s i t i o n s  b e t w e e n  66.7 a n d  75 a t .% Be. T h e r m a l  
a n a l y s i s  p lo t s  i n d i c a t e d  a n  a n o m a l o u s  c h a n g e  in  s lope a t  
75 a t .% Be [16Oes,  32Bor ,  42Los] .  X - r a y  a n a l y s i s ,  how-  
eve r ,  s h o w e d  t h a t  t h e  cub ic  M g C u 2 - t y p e  s t r u c t u r e  w a s  
p r e s e n t  o v e r  t h e  e n t i r e  c o m p o s i t i o n  r a n g e  w i t h  a c h a n g e  
in  l a t t i c e  p a r a m e t e r  f rom 0 .5952  n m  a t  66.7 a t .% Be to 
0 .5899 n m  a t  75 a t .% Be [42Los].  H o w e v e r ,  [ 66Mag i  a n d  
[69Pa t ]  r e p o r t e d  a cph  C u Z n 3 - t y p e  s t r u c t u r e  in  t h e  X - r a y  
p a t t e r n  a t  75 a t .%  Be. T h e  s a m p l e s  w e r e  p r e p a r e d  by  t h e r -  
m o d i f f u s i o n  of  Be  p o w d e r  or  Be  c o a t i n g  on  copper  l a m i n a  
or  of a m i x t u r e  of Cu  a n d  Be p o w d e r  i n  t h e  r a t i o  of  1 to  3 
a t  800 ~ u n d e r  h y d r o g e n  a n d  c h l o r i n e  a t m o s p h e r e .  

T h e  s a m e  s t u d i e s  a lso r e v e a l e d  a MgCu2- type  cub ic  p h a s e  
a t  66.7 a t .% Be c o m p o s i t i o n  w i t h  t h e  l a t t i c e  p a r a m e t e r  of  
a = 0 .5969  -+ 0 .0002 n m  [69Pa t ] .  T h i s  w o u l d  s u g g e s t  t h a t  

two d i s t i n c t  c o m p o u n d s ,  n a m e l y  CuBe2 a n d  CuBe3,  occur  
in  p lace  of t h e  h o m o g e n e o u s  s i n g l e  p h a s e  6. H o w e v e r ,  t h i s  
would  e n t a i l  t h e  o c c u r r e n c e  of t w o - p h a s e  f i e lds  a n d  t e m -  
p e r a t u r e  i n v a r i a n t s  b e t w e e n  930 a n d  - 1 2 1 5  ~ n o n e  of  
w h i c h  h a s  b e e n  o b s e r v e d  e x p e r i m e n t a l l y .  T h i s  fac t ,  to- 
g e t h e r  w i t h  t h e  X - r a y  f i n d i n g s  of a h o m o g e n e o u s  s ing le  
p h a s e  by I42Los],  p r e c l u d e  t h e  a b o v e  t w o - c o m p o u n d  hy-  
po thes i s .  T h e  CuZn3- type  s t r u c t u r e  o b t a i n e d  on  t h e r m o -  
d i f f u s i o n  t r e a t m e n t  o f  C u B e  a l l o y s  i s  b e l i e v e d  to  
c o r r e s p o n d  to a m e t a s t a b l e  e q u i l i b r i u m .  T h i s  p o s s i b i l i t y  is 
f u r t h e r  s u p p o r t e d  by  t h e  r e p o r t  of  a p h a s e  e q u i l i b r i u m  
b e t w e e n  fcc (Cu) a n d  t h e  cph  CuBe3 p h a s e s  o b s e r v e d  by  
[66Mag]  t h a t  does  n o t  fol low t h e  e q u i l i b r i u m  p h a s e  re-  
l a t i o n s h i p s  in  Fig.  1. Accord ing ly ,  t h e  6 p h a s e  is accep ted  
as  h a v i n g  t h e  c u b i c  M g C u 2 - t y p e  s t r u c t u r e  w i t h  a Cu-  
de f i c i en t  c o m p o s i t i o n  o v e r  m u c h  of  t h e  p h a s e  field, f o r m i n g  
a defect  compound .  T h e  f o r m u l a  of  t h e  6 p h a s e  c a n  be  
r e p r e s e n t e d  as  Cul-xBe2§ w i t h  x v a r y i n g  f rom - 0 . 0 7 1  
to 0.45. 

( aBe )  h a s  a cph  s t r u c t u r e  a n d  u n d e r g o e s  a n  a i l o t r o p i c  
t r a n s f o r m a t i o n  to bcc (/~Be) a t  h i g h e r  t e m p e r a t u r e .  T h i s  
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Table 9 Lattice Parameter of (Cu) Phase 

Lattice 
parameter,  

Reference n m  Comments  

[29Dah] ....... 0.3564 
0.3596 
0.3575 
0.3612 

[33Tan] ........ 0.36080 
0.35993 

0.35902 

0.35771 

0.35662 

[33Tan](a)...0.35674 
0.35714 
0.35776 
0.35874 
0.35985 
0.3604 

[35Kos] ........ 0.362 
[55Vis] ......... 0.359 
[65Nak] ....... 0.3584 

0.3612 
[66Mag] ....... 0.3615 

[73Tad] ........ 0.357 

15.3 at.% Be, quenched from 810 ~ 
15.3 at.% Be, aged at 350 ~ 5 h 
12.6 at.% Be, quenched from 810 ~ 
12.6 at.% Be, aged at 350 ~ 5 h 
0at.% Be, quenched from 810 to 850 ~ 
2.8 at.% Be, quenched from 810 to 

850 ~ 
6.1 at.% Be, quenched from 810 to 

850 ~ 
10.2 at.% Be, quenched from 810 to 

850 ~ 
13.1 at.% Be, quenched from 810 to 

850 ~ 
800 ~ 8 h 
700 ~ 12 h 
600 ~ 24 h 
500 ~ 48 h 
400 ~ 96 h 
250 ~ 24 h (14.51 at.% Be) 
At 570 ~ 35.36 at.C~ Be 
31 at.% Be, quenched from 750 ~ 
12.6 at.% Be, quenched state 
12.6 at.% Be, aged 150 to 400 ~ 250 h 
Sample from thermodiffusion of 

Be powder and Cu lamina at 800 ~ 
33.4 at.% Be, aged above 300 ~ 

Note: Results of [65Nak] and [73Tad] are based on electron diffraction: 
the remainder are based on X-ray studies. 
(a) Results are given for 14.67 at.~ Be alloy at 20 ~ following heat treat- 
ment at temperature and times indicated. 

was observed by [59Marl wi th  thermal  and X-ray tech- 
niques on 99.4 wt.% pure Be and by [61Amo] with electri- 
cal res is t ivi ty  and X-ray at  high tempera tures  on 99.97% 
pure  Be. The la t t ice  p a r a m e t e r  va lues  for the  two al- 
lotropic forms of Be presented in Table 8 are for e lementa l  
Be, because data  for alloys are not available.  

Thermodynamics 
Par t ia l  molar  quant i t ies  for solid alloys in the concentra- 
tion range 2.1 to 99.5 at.% Be were determined by [62Anf] 
by the electrochemical  cell method (emf). Select values of 
both part ial  and in tegra l  quant i t ies  versus composition at 
1073 K are presented in [Hultgren,  B]. Improved measure-  
ments  were made by [68Gav], also by the emf  method, be- 
tween 1000 and 1135 K on alloys up to 35 at.% Be, tha t  
include the (Cu) solid solution region. The total impur i ty  
content  in the alloys was quoted as 0.4%. The derived rel- 
at ive par t ia l  molar  heat  of mixing for Be, AHBe, and for 
Cu, hHcu (ca lcu la ted  f rom t h a t  of AHBe app ly ing  the  
Gibbs-Duhem relation),  and the respective act ivi ty  coeffi- 
cients as functions of composition at 1000 K are presented 
in Table 12 after [68Gav]. The results in conjunction with 
those in [Hultgren,  B] show tha t  both the re la t ive  par t ia l  
mola r  hea t  of m i x i n g  and the  r e l a t ive  in t eg ra l  mola r  
Gibbs energy values for the te rmina l  solid solutions at ei- 
ther  end are negative.  

The act ivi ty  coefficient of Cu in infinite di lut ion in liquid 
Be at  1623 K was de termined  by [68Bie] as: 

'Y~u(Be, = 0.92 

[84Kau] derived analyt ic  models for the different phases 
in the Cu-Be system, based on the latt ice stabil i ty values 

Table 10 Lattice Parameter of the f l  Phase 
Lattice 

parameter,  
Reference nm Comments  

[35Kos] .............. 0.279 
[55Vis] ............... 0.278 
[74Auv] ............. 0.279 

35.4 at.% Be at 570 ~ 
31.0 at.% Be, quenched from 750 ~ 
32.0 at.% Be 

(from 99.99% Be + OFHC Cu) 
at eutectoid temperature 

0.281 32.0 at.% Be at 750 ~ 

Table 11 Lattice Parameter of the ~, Phase 
Lattice 

Reference parameter,  nm Comments  

[29Dah] . . . . . . .  0.2689 to 0.2705 
[35Kos] . . . . . . . .  0.272 
[35Mis] . . . . . . . .  0.27 
[43Gui] . . . . . . . .  0.27 
[63Pri] . . . . . . . . .  0.271 
[65Nak] . . . . . . .  0.2689 

[69Pat] . . . . . . . .  0.2702 § 0.0003 

[71Shill . . . . . . .  0.271 
[71Yam] . . . . . . .  0.270 

[73Tad] . . . . . . . .  0.271 

[74Auv] . . . . . . .  0.270 

0.272 

15.3 at.% Be, aged 350 ~ 
35.4 at.% Be at 570 ~ 
50.23 at.% Be 

12.6 at.% Be, 
aged at 400 ~ 100 h 

Sample from thermodiffusion 
of Be powder in Cu lamina 
at 800 ~ 

9.16 at.V~ Be, 
aged at 300 ~ 20 h 

33.4 at.% Be, 
quenched from 820 ~ 

32.0 at.% Be, 
slow cooling from 800 ~ 

32.0 at.% Be, at 580 ~ 

Note: The results of [29Dah]. 135Kos], [35Mis], and [43Gui] are based on 
X-ray; all other results are based on electron diffraction. 

for Be and Cu [70Kau], combined with the l imited thermo- 
dynamic [Hultgren,  B] and phase d iagram data. The cal- 
c u l a t e d  p h a s e  d i a g r a m  is  a t  v a r i a n c e  w i t h  t h e  
exper imenta l  one; in part icular ,  it fails to reproduce the (/3 
+ T) two-phase field and denotes the T and 6 phases as 
line compounds. 
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