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ABSTRACT 
Single crystals of TiC* and NbC, were studied by 

elastic neutron diffuse scattering at room tenperature 
in the (1 TO) reciprocal lattice plane ; the spectra of 
TiCc.76» T iCo.79 and NbCn.73 were analysed by the Sparks 
and Borie method, which allowed to determine the first 
Cowley-Warren, short-range order coefficients and a short
ening (0.03 A) of the average first neighbour metal-carbon 
distances. The order-disorder transformation in TiCi_x (0.52 < 1-x < 0.67) was studied by high temperature powder 
neutron diffraction ; the transition temperatures (=760-
790°C) and critical coefficients 8 were determined. The 
results are discussed in terms of interatomic pair poten
tials. 

INTRODUCTION 
Many of the interesting physical properties of re

fractory transition metal carbides with rocksalt structu
re, in particular the transport and plastic properties, 
are controlled by a departure from the stoichiometric 
composition MC, due to a large content of intrinsic carbon 
vacancies. The origin of the stability of these non-
stoichiometric compounds, and the nature of the terms 



responsible for ordering of vacancies are still largely 
unknown. Recent theoretical calculations suggest that the 
stabilization of TiCi_x (which exists in the range 
^*^0 50-0 97^ n a s m a i n ^ y a n entropie origin 1. 

Several superlattice structures corresponding to 
long-range ordering of carbon vacancies were found in 
these compounds *, in particular VgC7 3 and V5C5 4 in the 
VCj_ x carb-de, a "l^C" superstructure 5 ir. the TiCl-x 
carbide, and Nb6Cs 6,7 in NbCi-x« 

The "Ti2C" superstructure, characterized by (1/2 1/2 
1/2) type superlattice reflexions, which was first obser
ved using powder neutron diffraction by Goretzki 5, is 
still unresolved , indeed, Parthé and Yvon 8 showed that 
two structures corresponding to the Fd3m (cubic super-
lattice, with lattice parameter b = 2af c c, and described as sequences of (111) carbon planes alternately 1/4 and 
3/4 full), and R3m (Cu-Pt type, consisting of alternately 
empty and full (111) carbon planes) space groups gave 
exactly the same powder diffraction patterns in the absen
ce of rhomboedral distortion for the latter. This super
structure was observed at compositions up to TiCo.71 after 
long anneals below 600°C 9. Bell and Lewis 10, on the 
behalf of electron microscopy observations, assigned to 
these compounds the Fd3m structure ; but recent observa
tion by Russian workers 11 of weak superlattice spots 
(001, 110,...) led them to propose a new (rhomboedral) 
superstructure, of formula TioC5, and which may be deduced 
from Ti2C Fd3n by filling with carbon atoms the (111) 
planes originally 3/4 full. 

The Nb0C5 superlattice was observed by electron diffraction on samples slowly cooled below 1000°C 6,7 ; it 
was assigned an hexagonal structure (space group P3-| and/ 
or P3?) isomorphous to the V(,C$ form discovered by 
Venables et al. *, with ahex = (»^/2)a£cc and 
chex a 2/3" a fee » in this structure, carbon vacancies are 
found third neighbours on the metalloid f.c.c. sublattice. 

Short-range ordering of carbon vacancies was also 
observed in the TiCo.5-0.7 range (in rapidly cooled sam
ples) and in all the NbCi-x carbides, by the existence of diffuse streaks in the electron diffraction patterns 12. 
A quantitative interpretation of this short-range ordering 
was only made for a VC(j,75 single crystal from electron 13 
and neutron 14 diffuse scattering data, and for NbCi-x 
powders studied by neutron scattering »5 ; but in all 
these studies, the atomic displacements were not taken 
into account. 



Here, we present elastic diffuse neutron scattering 
studies of the non-stoichiometric carbides TiCl-x and NbCi_x. It allowed to obtain for the samples which do not show long-range ordering, the short-range order parameters 
of the carbon sublattice and the static atomic displace
ments due to the size effect of vacancies. On the other 
hand, high temperature powder neutron diffraction allowed 
to study the order-disorder transition and, in a prelimi
nary way, the kinetics of ordering in TiCo.52-0.67. Up 
to now, only the VgCy and V^Cs order-disorder transitions, 
which are thermodynamically of first order, had been 
studied by electrical resistivity and DTA 16. 

EXPERIMENTAL 
Samples 

Single crystals TiC-|_x and NbC-j_x were grown from sintered specimens (with nominal purities 99.9 %) by a 
zone melting procedure described elsewhere ]J. The crys
tals were grown on seeds parallel to the <1To> axis. The 
NbC]_x (1-x = 0.73 and 0.80) samples were slowly cooled 
(65 hours) from the melting point Tp down to 400CC. The 
titanium carbide samples had different thermal treatments: 
TiCn.64 a n <* TiCo.79 were slowly cooled (respectively 55 
and 65 hours) from Tp to 400°C ; but TiCo.76 vas annealed 
4 days at 600°C, before a more rapid cooling down to room 
temperature. The samples were subsequently cut in cylin
drical form (- 1 cm3) using spark erosion, and their 
orientation checked by Laue back reflexion method. Their, 
carbon content was determined chemically. 

The TiCi_x powder samples (1-x = 0.52, 0.58, 0.63, 0.67) were prepared by sintering at 1600°C under vacuum 
cold-pressed mixtures of titanium hydride TiH2 and graphi
te. They contained about 500 ppm weight metallic impuri
ties. Carbon, oxygen and nitrogen contents were determined 
by chemical analysis ; the measured 0/Ti and N/Ti atomic 
ratio were about 0.5 10-2. The TiCo.52 sample contained 
" 2 % free titanium. 
Neutron scattering 

The diffuse neutron scattering experiments were per
formed on the two axis D7 spectrometer of the HFR (ILL, 
Grenoble)18, at room temperature and under vpcuum. The 
incident wavelength was 3.14 A, and time-cf-flight analy
sis allowed to select only the elastically scattered neu
trons. The data were obtained for 0.2<q=4ïïsinO/X<4 A" T 



and calibrated to absolute units by comparison with a 
vanadium standard, after correction for background and 
absorption. 

The high temperature neutron diffraction experiments 
were performed on the spectrometer D1B of the HFR (ILL, 
Grenoble) 18 ; it incorporates a 400 cell multidetector, 
which allowed the simultaneous measurement of scattered 
neutrons within the angular range 28 = 14 to 94°. with 
steps of 0.2°. The incident wavelength was 2.524 A. The 
samples,enclosed in niobium containers, were placed in a 
furnace with niobium resistor and screens. The temperature 
was regulated with a stability of 1°C. The thermal gra
dient on the samples (9 mm diameter, 35 mm length) was 
measured to be about 2°C. 

DIFFUSE NEUTRON SCATTERING EXPERIMENTS 
Results 

On figures 1, 2 and 3 are shown the elastic scatte 
ring differential cross-sections do/dfi in the (1Ï0) reci
procal lattice plane for TiCo.64» TiCn.76» TiCo.79» 
NbCn.73 and NbCo.80* The data are given in mbarn per metal 
atom and are not corrected for incoherent scattering 
do/dfi)inc : the incoherent scattering of Nb and C are weak 
(21 and 1 mbarn respectively 1 9 ) t D Ut the value for tita
nium (=210 mbarn !9) corresponds to about half of the 
scattering measured for TiCo.76 and TiCo.79* The diffuse 
scattering figures are symmetric relative to the <001> and 
<110> reciprocal axis, as predicted for statistically 
cubic crystals. But the intensities are far from periodic 
in the reciprocal space, indicating that atomic displace
ments are important. 

The samples may be classified into two categories : 

a) The TiCnt64 (Fig« 1) and NbCQt80 (Fig- 3 b ) samples show large diffuse scattering maxima. 
In the case of NbCo.80» these are found in 1/2 1/2 

1/2, 1/2 1/2 3/2 and in 2/3 2/3 0, 1/3 1/3 1,..., 
positions which are characteristic of the hexagonal super
structure Nb 0C 5 described in the introduction o,7. The observed scattering corresponds to the superposition of 
diffraction patterns of four types of domains, the c axis 
of eacn of which is parallel to one of the four cube 
diagonals <111>. 



Fig. 1. Elastic diffuse neutron scattering cross-section 
do/dft (in mbarn per metal atom) measured at 300 K 
in the (1Ï0) reciprocal lattice plane of TiCn.64' 

In the case of TiCn 64» t n e intensity maxima are in 
1/2 1/2 1/2, 1/2 1/2 3/2 and 3/2 3/2 1/2, characteristic 
of the "Ti2C" superstructures described above. We are not 
able to choose between the cubic Fd3m structure, or_a mix
ture of the four axial domains of the rhomboedral R3m 
(Cu-Pt type) structure. 

In both samples, bands of diffuse scattering, rou
ghly parallel to the <001> direction, and similar to those 
observed by Billingham et al. '*- by electron diffraction 
on similar samples, are observed. A preliminary analysis 
of the TiCn,64 spectrum by the Sparks and Borie method 2 0 , 
showed that the bands are partly due to short range or
dering between carbon vacancies (J.P. Landesman and 
V. Moisy-Maurice, unpublished) ; the short-range order 
contribution to do/dfi could not be fitted by a single set 
of Cowley-Warren a coefficients ; therefore we suggest a 
presence of ordered precipitates of "Ti2Ci+y" in a short-range ordered matrix. Approximate sizes L of ordered 
domains were deduced from the integral width of the 
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2. Elastic diffuse neutron scattering cross-section 
do/dfl (mbarn per metal atom) measured at 300 K in 
the (110) reciprocal lattice plane, 
a : TiCo.7f b : TiCo.79» 



|NbC 0fo J 

Fig. 3. Elastic diffuse neutron scattering cross-section 
do/dft (mbarn per metal atom) measured at 300 K 
in the (T10) reciprocal lattice plane. 
a NbC 0.73 NbC 0.80* 



1/2 1/2 1/2 superlattice reflexions : L = 30 A for 
T i C0.64 a n d 8 0 Â f o r N b C0.80-

b) The TiC 0. 7 6, TiCo.79 (Fig. 2) and NbCn.73 (Fig-3a) sample spectra showed no superlattice reflexions. 
The diffuse bands observed in NbCn.73, roughly parallel 
to the <001> reciprocal lattice direction, are similar to 
those observed by electron diffraction in NbC}_ x 12^ t,ut 
the intensity of the second band (when going away in the 
<110> direction) is much weaker than that of the first 
one. 

After a minor correction for Debye-Waller factors 
(BJ,I=BC=0.25 A2) f the data, which extend roughly in the 
two first Brillouin zones, were analyzed by a generali
zation of the Sparks and Borie method 20 f extended to take into account the displacements of the metal atoms. 
This is presented below. 
Analysis of the data for TiCn.76» TiCo.79 and NrbCn.73 

The Sparks and Borie approximation was restricted to 
the first order in displacements ; the elastic diffuse 
cross-sectior may then be written : 

do/dfi (q) = Z b.b. e ^ ^ i " ^ (1 + ia.ôij) i a J 
where ô  is the scattering vector, R^ and R* lattice sites, 
£jj = $i~âj the relative displacement of atoms i and j 
of scattering lengths b; and bj. Let us define in the 
rocksalt lattice (with Rj taken as origin) : 

-i = -Amn = l^-i/2') +m(a2/2)+n(a3/2) (£,m,n integers) 
ii * hnn ' Limn^ 1/2)*M £ i n n(a 2/2) +N £ n n(a3/2) 
q * 2*0,(2^) + h 2(2b 2) • h 3(2b 3)] 

Here, a.j, &2> &3 a r e t n e base vectors of the f.c.c. latti
ce, fcj, Î2» È3 t h e ^ a s e vectors of the corresponding 
b.c.c. reciprocal lattice (b̂  = (52xa-3)/Câ1 » â2 12.3)) • T* 
i+m+n is even, Bimn joins two atoms of the same nature 
(C-C or M-M) ; if A+m+n is odd, E£mn Joins two atoms of 
different nature (C-M). The first Bragg reflexion (111) 
corresponds to hi=h2=h3=1/2. In the (110) reciprocal 
lattice plane, h2=hi, and f(h-|,h2,h3) may be written 
£(hi,h 3). 

One obtains : do/dfl • do/df*) S R 0 + da/dn) A D, with : . 



4g] = Nx(1-x) b* 5 2 l*,mn cos t f irh . i ) cosRirh.m) 
df i>SRO C iwnL l m n ' \ 

c v e n cos(27rh3n)J 

(short-range order cross-sect ion, independent of 
displacements). 

%Ù = N r (h, B̂  • h, B*!

 + h , BÏ ) 
J Aï) tnm n fcmn' 

x sin 21r(h1A+h.m+h3n) 
= h1Q(h],h3)+h3R(h1,h,) (displacement cross-section). 

For £+m+n even : B ^ - 2*x(1-x)b2 ( ^ c ^ ) L ^ 

l +m +n odd : B ^ - 4»(1-x) b c b M I ™ 
(1-x is the carbon content ; the average interatomic metal 
displacements are zero : ^ ~ = 0 f° r £+m+n even). 

do/dfl)SR0, Q and R are periodic functions of hj and I13, and may Be obtained by linear combination of the_ 
cross-sections measured in different cells of the (1T0) 
reciprocal plane. Their Fourier transforms, ̂ ^ j . , Pjjfc 
andxjj^are respectively linear combinations of the 
short-range order coefficients o, and of the relative 
displacement components L A~ and L̂ I"n« The detailed formalism used and the complete set of equations are presen
ted elsewhere 21. The o coefficients were limited to 
eight shells of neighbours, and the displacements to four 
shells of neighbours (two C-M and two C-C), in which parti
cular case i i m n on the average must be parallel to the 
interatomic vector to maintain statistically the cubic 
symmetry. 

The a coefficients obtained are given in Table 1 for 
the three studied samples. The relative average radial 
displacements 6 & are given (in angstroms) in Table 2. 



Table 1 - Cowley-Warren short-range order coefficients 
between carbon atoms and vacancies deduced 
f o r T i C0.76' T i C0.79 a n d N b C0.?3-

Inn T i C 0 . .76 T i C 0 . ' ?9 N b C 0 . 7 3 
a l = °110 -0 .005 (0 .005) + 0.010(0 .005) - 0 . 0 9 5 ( 0 . 0 1 0 ) 
a 2 = a 2 0 0 -0 .080 (0 .005) -0 .175 (0 .005) - 0 . 2 7 5 ( 0 . 0 1 0 ) 
a 3 = a 2 1 1 •0 .013 (0 .005) +0.010(0 .005) +0 .051(0 .005) 
a 4 = a 2 2 0 •0 .006 +0.025 • 0 . 0 7 2 

° 5 = a 3 1 0 -0 .003 •0 .015 +0.044 

° 6 = a 2 2 2 •0 .025 +0.070 -0 .030 
a 7 = a 3 2 1 -0 .007 -0 .015 -0 .020 
a 8 = a 4 0 0 +0.003 +0.005 +0.030 

Table 2 - Relative radial average atomic displacements 
(in angstroms) between C-M and C-C near 
neighbours in TiC Q 7 6 > TiCp - g and NbC^ ,,. 

w*> T i C 0 . ' 76 T i c o . - Î9 N b C 0 . 7 3 
.C-M 

6 100 -0 .030(0 .010) -0 .030(0 .010) - 0 .033(0 .010) 
.C-M 

6 1 1 1 +0 .006(0 .004) + 0 .006(0 .004) +0 .011(0 .006) 
,C-C 
6 1 1 0 • 0 .011(0 .004) + 0 .010(0 .004) + 0 .006(0 .004) 
.C-C 
°200 + 0 .008(0 .004) • 0 .007(0 .004) + 0 .004(0 .004) 

Discussion 

The above results show that the degree of short-range 
ordering is much larger in NbCp^j than in TiCo.76 a n d 
TiCn 79, D u t t n a t the atomic displacements are very simi
lar. From the obtained parameters, the do/dfî)Ap a n d 
do/dfi)sR0 cross-sections were reconstructed and compared 
to the experimental values 2 1 : for TiCn.76 a"d TiCo.79, 
the agreement is Tather good, especially for do/dfl).D ; 



for NbCo.73, the calculated do/dn)sRO does not shov such 
a sharp maximum as the measured, which clearly is due 
to the fact that correlations extend further than, eight 
shells of neighbours. 

Although the short-range ordering is found nuch 
weaker in TiCn.76 a n <* TiCo.70 than in NbCn.73, tvo common 
conclusions may be deduced for the three samples fron the 
observation of Tables 1 and 2 : the negative values of a 7 (meaning that vacancies avoir to put themselves as second 
neighbours), and the shortening (0.03 A) of the average 
metal-carbon first neighbour distances. Both facts suggest, 
as will be shown below, a strong value of the second 
neighbour pair interaction potential between a vacancy and 
a carbon, via the metal atom which is at half distance. 
The fact that this metal atom movi>j away from the vacancy 
and goes nearer the carbon is also found in the Ti2C 5 and 
VgCy 3 superlattices. A strengthening of the metal-carbon 
bonding due to a redistribution of the metal d electrons 
originating from the dangling bonds may be suggested. 

On the other hand-, important differences are obser
ved between the three samples : aj is found strongly nega
tive and 03 positive in NbCn.73» showing that in this com
pound vacancies prefer the third neighbour positions as 
in the long range ordered superstructure XbôCs (for which 
aj = a2 = -0.2, 03 = +0.2) (qualitatively similar results 

- were obtained from the study of NbCi_x powders 1 5 ) . On the 
contrary, in TiCn.76 and TiCn.79, <x-\ - 03 = 0 (in Ti2C : 
<M - 03 = 0, ai = -1). 

A surprising observation comes from the fact that the 
a coefficients are found about twice larger in TiCn.79 
than in TiCn.76 (see Table 2), although the compositions 
are very near, and that ordering in TiCi-x seems to appear more easily at low carbon concentration (see TiCn.64» 
Fig. 1). In our opinion, this has to be attributed to the 
different thermal treatments of the samples : TiCn.?6 M S 
rapidly cooled after a long anneal at 600°C, when TiCrt.79 
waf more slowly cooled down to room temperature ; the 
larger a coefficients in TiCn.79 suggest that this sample 
is representative of a lower temperature. On the other 
hand, the fact that the displacements were found practi
cally equal in the two samples, and therefore less depen
dent of thermal treatments, is a good proof of the vali
dity of our separation of do/JQ)gRQ and do/dn).jj. 

As only the TiCn.76 spectTum seems to correspond to 
a well defined thermal equilibrium (at 600°C), and as the 
short-range ordering in this sample is weak, we applied 
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Fig. 4. Calculated short-range order diffuse cross-
section da/dfi)sRO in the (HO) reciprocal 
plane of TiCn.76 : 
— •— • : reconstructed from the a. values eiven 
in Table 1. i B n 

: reconstructed from the first and second 
neighbour pair interaction potentials 
V, = 3.2 and V 2 - 7.1 meV. 

the mean-field theory of Clapp and Moss 2 2 to deduce 
interatomic pair potentials from the do/da) S R 0 contribution. Indeed, according to these authors : 

<*(a) ' C*/[1 + 2x(1-x) V(q)/kT] 
where a(q) and V(£) are the Fourier transforms of the 
°tmn a n d interatomic pair potentials 

£mn I (VC"C • v°*) imn Imn 
,C-0 
Imn 

(D : vacancy, C : carbon atom) ; C* is a normalization 
constant and T the absolute temperature (873 K in the 
present case). The fit was made with only two potentials 
between first and second neighbours of the metalloid 
sublattice, Vj and V 2. We found : Vj » 3.2 10"3 eV and 
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V2 - 7.1 10~3 eV for TiCn.76- 0 n ?i£- 4 are conpared the 
reconstructed do/dfi)sR0 calculated wi Lh the eight a £ m n values given in Table 1 and with the two above values of 
pair potentials. The agreement is reasonable. The positive 
values of V\ and V2 with V2/V-J > 0.5 let us predict, accor
ding to Clapp and Moss 22 j that long-range ordering at low temperature will appear with 1/2 1/2 1/2 type superlattice 
reflexions ; this is in agreement with the superstructures 
observed at lower carbon content. 

HIGH TEMPERATURE NEUTRON DIFFRACTION EXPERIMENTS 
Results : the order - disorder transition in TiC-|_x 

At room temperature, the powder neutron diffraction 
spectra of the four sintered TiC-|_x samples (1-x = 0.52, 0.58, 0.63 and 0.67) showed three broad and weak diffuse 
maxima in 1/2 1/2 1/2, 1/2 1/2 3/2 and 3/2 3/2 1/2. 
From the integral width of these lines, one could deduce 
ordered domain sizes of approximately 50 A. 

The samples vere heated and held at a temperature 
(typically 650°C) where one could observe with the multi-
detector D1B a progressive narrowing and increase of the 
integrated intensities of these lines, corresponding to 
a simultaneous increase of the ordered domain size and of 
tue degree of order within the domains. The kinetics of 
the process decreased considerably with increasing carbon0 content. After the average size of domains reached ~ 150 A, 
the Integrated intensities of the lines remained constant 
(although narrowing of the linewidth continued to occur, 
due to domain growth). Therefore, one considered that the 
long-range order parameter within a domain had attained 
its maximum value at the annealing temperature. 

The samples were then heated by steps of 10°C : the 
superlattice reflexions were found to decrease, and disap
peared at a critical temperature Tr. The values of 1Q were 
found to be : 775±10°C for TiC 0 52, 765±5°C for TiCo.58, 785±5°C for TiCo.63 and 770±5°C for TiCo.67-(For TiCn.52, 
which contained some free titanium, the transition was 
less well defined). Above Tç, weak diffuse maxima were 
still observed on the diffraction spectra, even up to 
900°C. 

On figure 5, one has reported the thermal dependence 
of the 1/2 1/2 1/2 superlattice reflexion intensity for 
T iC0.58 a n d T i c0.63« ( T h e behaviour of the 1/2 1/2 3/2 and 
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Fig. 5. Thermal dependence of the superlattice reflexion 

(and TiC0.( md cooling 
2B 

intensities I 1 / 2 1 / 2 1 / 2 of TiCn.58 a n d T i C0.63> 
measured during heating (circles) ai 
(stars). 

.: Fit with a function I = A(Tp-T) 

3/2 3/2 1/2 reflexions was found quite similar). The curve 
for TiCo.58 * s typical of a second order type transition, 
with no apparent discontinuity of the long-range order 
parameter S. But in the case of TiCn.§3, the decrease 
around Tc is more rapid, and a small discontinuity of S 
cannot be excluded. For both samples, the intensities 
measured during the cooling and heating procedures were 
found to be placed on the same curves (see Fig. 5) : the 
transitions showeK no hysteresis. 

Assuming a second order type transition, we fitted 
the intensity of the 1/2 1/2 1/2 reflexion by a formula 
I = A(Tc-T)2$ , I being proportional to the square of the 
long-range order parameter S. The fit is shown on Fig. 5. 
The 8 values were : 0.24±0.02 for TiCo.52» 0.25+0.02 for 
TiC 0 #58 and 0.18+0.02 for TiCn 63- For'this latter sample, 
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the possible existence of a small discontinuity of S at 
Tr might have reduced the apparent value of B. For TiCQ.67 
the kinetics were too slow to ensure that thermal equili
brium was attained, and the fit was not made. 
Discussion 

From the theoretical point of view, the second order 
type transition found for TiCn.52 and TiCg^g is in agree
ment with the Landau-Lifshitz criteria 23. Indeed, the 
latter allow the T^C •*•-*• TiCj_ x transition to be of second order type, as : 
- the proposed superstructure space groups (Fd3m or R3m) 
are subgroups of the rocksalt structure space group 
(Fm3m) ; 
- the wave vectors for ordering are of the 1/2 1/2 1/2 
type ; 
- the combination of three superlattice wave vectors does 
not give a vector of the reciprocal lattice of TiCi_x or Ti 2C. 

The measured critical coefficient value 6 = 0.25 is 
in reasonable agreement with the value determined theore
tically (B = 0.31) for the 3 dimensions f.c.c. rigid 
lattice Ising model, with only short-range order pair 
interactions 24. Tnis suggests that the interactions res
ponsible for ordering in TiCi.* are rather short-range, 
and justifies the analysis of diffuse scattering made 
above in terms of near neighbour pair potentials. We also 
remind that Kanamori 25 has shown that the stability (at 
0 K) of the superstructures VgC7 and VgCs of the VCi_x rocksalt structure compound, may be explained on the basis 
of pair interaction potentials up to five neighbour shells. 
One would therefore infer that the "chemical" interaction 
energy between the electronic structure perturbations 
induced by two vacancies predominates on the long range 
"elastic" interaction energy between the displacement 
fields around these two vacancies (which varies as r~3). 
Indeed , in the Pd-H system, where the phase diagram may 
be described on the basis of elastic interactions between 
H interstitials, the critical coefficients are found near 
the mean field theory values (0 = 0.5) 26. 

Nevertheless, a difficulty still occurs : ws applied 
the Cowley 27 m ean field theory to calculate the thermal variation of the long-range order parameter S in the 
Ti^Cj (Fd3m or R3*m) type structures, with the excess 
carbonyoccupying randomly the vacancy sublattice. Limiting 



the pair interaction potentials to the third neighbours 
in the metalloid f.c.c. sublattice, one finds : 

tn [ ( ^ - S 2)(-^ - S 2) / (HS 2) 2] — 12 ̂ f S 2 .._; 

(the first and third neighbour pair interaction potentials 
Vi and V3 do not contribute to the S value). The order-
disorder transition is calculated to be of second cider 
type, and from the value TQ = 1038 K for TiCo^g, one 
obtains V2 = 28 10-3 eV, i.e. four times more than the 
V2 value deduced from the TiCn.76 do/dfi)sRO diffuse scat
tering data. This large discrepancy cannot be reasonably 
attributed to a change of the pair interaction potentials 
with composition, or to the neglect of V4. It is also 
much larger than the error usually attributed to mean 
field theories (which generally overestimate Tç by about 
20 %)23. More fundamentally, the applicability of the pair 
interaction approximation (neglecting many-body inter
actions) to transition metal carbides has to be question- . 
ned ; the role of the elastic interactions on the values _ 
of the pair potentials-, of the critical temperatures and . 
coefficients har also to be evaluated. 
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