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The enthalpy of formation of NiAl
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NiAl and NiAl based ternary metallic systems have
attracted much attention in recent years for potential
use as high temperature structural materials [1–6].
Alloy development of such systems requires a thorough
knowledge of the phase equilibria and thermodynamics
of the systems. Using high temperature calorimeters
[7–9], the enthalpies of formation for many alloy
systems have been measured and the results incor-
porated into thermodynamic databases for modeling
of their phase diagrams using software such as
Thermocalc©R [10]. However, there exists some confu-
sion regarding the value for the enthalpy of formation
of NiAl. In one reference [11], comparison of published
experimental data was made which are referred to dif-
ferent standard states, with the consequent conclusion
that there is a wide discrepancy in the experimental
NiAl data. In this paper, the enthalpies of formation of
NiAl as a function of composition determined by two
different calorimetric techniques are compared. The
results are also compared to enthalpy of formation data
for the stoichiometric alloy from several other sources.

Two kinds of calorimeters are widely used in mea-
suring the enthalpies of formation of intermetallic com-
pounds with high melting points: the differential solu-
tion calorimeter and the direct synthesis calorimeter.
The former is an indirect method because the compound
is prepared before the enthalpy of formation is deter-
mined, while the latter is a direct one since the enthalpy
of formation is determined during alloy formation.

Using the differential solution calorimeter, Henig and
Lukas [12] determined the enthalpy of formation of
NiAl at 1100 K. During their experiment, the element
Ni and the compound NiAl were dropped into the liq-
uid aluminum separately and their heat of dissolution
were measured in turn. The reactions involved in the
measurement are:

〈Ni〉1100 K + (Al)1100 K→((Ni))1100 K (1) �H1

〈NiAl〉1100 K + (Al)1100 K→((Ni, Al))1100 K (2) �H2

(Al), 〈Ni〉, 〈NiAl〉 refer to liquid Al, solid Ni and solid
NiAl respectively; ((Ni)), ((Ni, Al)) refer to the ele-
ment Ni and compound NiAl dissolved into the liquid
aluminium.

Then according to

(Al)1100 K + 〈Ni〉1100 K → 〈NiAl〉1100 K (3)

the enthalpy of formation of NiAl, �H 1100 K
f,Ni0.5Al0.5

, is ob-
tained from �H1 and �H2, that is, �H 1100 K

f,Ni0.5Al0.5
=

0.5(�H1 + �H2), and the result was −72.20 kJ/mol
referred to liquid Al and solid Ni at 1100 K. These au-
thors also measured the composition dependence of the
formation enthalpy for NiAl.

The enthalpy of formation of NiAl determined by
direct synthesis calorimeter involves two reactions:

Al(298 K) + Ni(298 K) → NiAl(1473 K) (1) �H1

NiAl(298 K) → NiAl(1473 K) (2) �H2

Then according to

Al(298 K) + Ni(298 K) → NiAl(298 K) (3)

The enthalpy of formation of NiAl at 298 K,
�H 298 K

f,Ni0.5Al0.5
, is calculated from �H1 and �H2:

�H 298 K
f,Ni0.5Al0.5

= �H1 − �H2

The result from Nash and Kleppa [1] was −61.8 ±
1.1 kJ/mol, referred to solid Al and Ni at 298 K. These
authors also measured the composition dependence of
the formation enthalpy for NiAl.

To compare the data from the two methods, we used
the data of heat capacities Cp,NiAl, Cp,Al and Cp,Ni from
Kubaschewski et al. [13] (seen Table I) and obtained
the heat of reaction for 0.5 Ni + 0.5Al → Ni0.5Al0.5
from 298 to 1073 K:

�H 298 K→1073 K
Reaction

=
∫ 1073 K

298 K

(
Cp,Ni0.5Al0.5 − 0.5Cp,Al − 0.5Cp,Ni

)
dT

=
∫ 1073 K

298 K
Cp,Ni0.5Al0.5

dT −0.5
∫ 1073 K

298 K
Cp,AldT

− 0.5
∫ 1073 K

298 K
C p,Ni dT

= −8.76 kJ/mol

The enthalpy of melting of aluminum was taken as10.7
kJ/mole [13].

Using the above heat content we derived the en-
thalpy of formation of NiAl at 298 K from the data of
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TABL E I Heat capacities of Al, Ni and NiAl from [13]

Cp = A + BT + C/T2+ DT2 (J/deg mol)

Substance Phase T (K) A B ×103 C ×10−5 D ×106 Ht (kJ/mol)

Al fcc 298 31.38 −16.40 −3.6 20.75 –
liq 934 31.76 – – – 10.7

Ni fcc 298 11.17 37.78 3.18 – –
fcc 631 20.54 10.08 15.40 – –
liq 1728 38.91 – – – 17.2

Ni0.5Al0.5 cubic 298 20.92 6.91 – – –
liq 1912 35.56 – – – 31.4

TABL E I I Enthalpy of formation of Ni0.5Al0.5 determined by different technique

Experimental Enthalpy of formation Standard state for �H298 K
f,Ni0.5Al0.5

, referred to
method from reference (kJ/mol) referenced data 〈Ni〉 and 〈Al〉 (kJ/mol)

Solution calorimeter −71.27 ± 0.13 [2] 〈Ni〉 and (Al) at 1073 K −62.51
−72.20 [12] 〈Ni〉 and (Al) at 1100 K −63.37
−72.7 [10] 〈Ni〉 and (Al) at 1100 K −63.87

Direct synthesis calorimeter −61.8 ± 1.1 [1] 〈Ni〉 and 〈Al〉at 298 K −61.8 [1]
−63.6 [14] 〈Ni〉 and (Al) at 1073 K −54.7
−65.7 ± 1.1 [15] 〈Ni〉 and 〈Al〉 at 1136 K −62
−58.3 ± 1.1 [16] 〈Ni〉 and 〈Al〉 at 298 K −58.3 [16]
−58.7 [17] 〈Ni〉 and 〈Al〉 at 298 K −58.7 [17]

EMF technique −62.0 [18] 〈Ni〉 and 〈Al〉 at 298 K −62.0 [18]
Water calorimeter −69.0 [19] 〈Ni〉 and 〈Al〉 at 298 K −69.0 [19]

∗(Al), 〈Ni〉 and 〈Al〉 refer to liquid Al, solid Ni and solid Al respectively.

Grün et al. [2], that is, �H 298K
f,Ni0.5Al0.5

= �H 1073K
f,Ni0.5Al0.5

−
�Hreaction = −71.27 kJ/mol −(−8.76 kJ/mol) =
−62.51 kJ/mol, which is in good agreement with the
data determined by direct synthesis calorimetry [1]. At
the same time, the enthalpies of formation of Ni1−x Alx

(0.42 < x < 0.54) determined by solution calorime-
ter at 1100 K [12] were referenced to 298 K assuming
the heat capacities of Ni1−x Alx (0.42 < x < 0.54) are
not composition dependent, Fig. 1. The derived val-
ues agree well with those obtained by direct synthesis
calorimetry.

The enthalpy of formation values in the literature are
often not directly comparable due to the different stan-
dard states, Table II. Using the heat contents in Table I
and the enthalpy of melting of Al, the enthalpy data
have been referred to 298 K and solid Ni and solid Al.

Figure 1 Enthalpy of formation of Ni1−x Alx determined by different
calorimeter.

The results are shown in the last column of Table II.
It can be seen that six independent determinations of
enthalpy of formation of NiAl at 298 K using three
different experimental techniques fall within the range
−61 to −64 kJ/mol. Taking a value of −62 ± 2 kJ/mol
results in agreement with most of the experimental data.

In conclusion, the preponderance of the experimental
data suggests that a value of −62 ± 2 KJ/mol should
be taken for the enthalpy of formation of stoichiometric
NiAl at 298 K.
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2. A . G R Ü N, E . -T . H E N I G and F . S O M M E R , Z. Metallkd 89(9)

(1998) 591.
3. P . N A S H, H. N. S U and O. K L E P P A , Trans. Nonferrous Met.

Soc. China 12(5) (2002) 754.
4. W. R . K L A U S and I . H E R B E R T , Intermetallics 11 (2003) 101.
5. B . G U I L L E R M O, D. N. R O N A L D and H. F R A N K , Inter-

metallics 8 (2000) 7.
6. Y . L . H A O, R . Y A N G, Y. S O N G, Y. Y. C U I , D . L I

and M. N I I N O M I , Mater. Sci. Engng. A 365 (2004) 85.
7. O . J . K L E P P A , J. Phase Equilibria 15(3) (1994) 240.
8. J . W O O-G W A N G and Y. M I R A , J. Chem. Thermodyn. 35

(2003) 2011.
9. C . C O L I N E T , J. Alloys Comp. 220 (1995) 76.

10. K . R Z Y M A N, Z . M O S E R, R . E . W A T S O N and M.
W E I N E R T , J. Phase Equilib 19 (1998) 106.

11. P . D . D E S A I , J. Phys. Chem. Ref. Data 16(1) (1987) 109.
12. E . T . H E N I G and H. L . L U K A S , Z. Metallkd 66 (1975) 98.
13. O . K U B A S C H E W S K I , C . B . A L C O C K and P . J .

S P E N E E R , “Materials Thermochemistry,” 6th ed. (Pergamon,
Oxford, 1993).

1068



14. K . R Z Y M A N and Z. M O S E R , Progress Mater. Sci. 49 (2004)
581.

15. F . Z . C H R I F T-A L A O U I , M. N A S S I K , K. M A H D O U K

and J . C . G A C H O N , J. Alloys Comp. 364 (2004)
121.

16. S . V . M E S C H E L and O. J . K L E P P A , In: “Metallic Alloys:
Experimental and Theoretical Perspectives,” edited by J. S. Faulkner
(Dordrecht, Holandia, Kluwer Academic Publishers, 1998).

17. O . K U B A S C H E W S K I , Trans. Faraday Soc. 54 (1958) 581.
18. J . W A N G and H.- J . E N G E L L , Steel Res. 63 (1992) 320.
19. W. O E L S E N and W. M I D D E L , Mitt. Kaiser-Wilhelm-Inst.

Eisenforsch. Dusseldorf 19 (1937) 1.

Received 12 October
and accepted 15 November 2004

1069


