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The reaction heats for the mixed crystal formation in the LaCr YC2 system were obtained from 
the equilibrium gas pressures measured during the carboreduction. The low positive values 
of the reaction heats are consistent with the X-ray diffraction study of the carbothermal reduction 
products of the oxides, where the formation of the (La, Y)C 2 dicarbide mixed crystals was only 
observed in the two side regions up to 25 mo\.% of each of the minority components. The com
position of the gaseous hydrolysis products of the (La, Y)C2 mixed crystals corresponds to the 
hydrolysis products of the dicarbide. No methane was detected for samples with low yttrium 
contents. 

Dicarbides of rare earth elements, MC2, are all dimorphic; the low-temperature tetrago
nal modifications of CaC2-I type are transformed into the cubic modification at higher 
temperatures. The transformation temperatures increase with decreasing metal 
atom size l , because the smaller the atom in size, the greater strain can be expected 
in the cubic structure containing the bulky C2 groups. For LaC2 and YC2 the trans
formation temperatures are '1060 and 1 320°C, respectively2. 

The strain in the cubic structure can be also relieved by partly substituting the 
metal atoms by atoms of another rare earth element. For mixed dicarbides of rare 
earth elements present in the equimolar ratio the transformation temperature is 
lowered, and if the cations do not differ in size too much (the relative difference 
in the cation radii (M~+ - M~+)/M~+ should not exceeds- 7 14-18%), the cubic 
phase is even steady at room temperature. This condition is met for the LaC2- YC2 
system (rLa3+ = 106·1 pm, ref.s, and ry3+ = 88 pm, ref. 9), for which Adachi and 
coworkers3 •4 found tetragonal mixed crystals within the side regions only, up to 30 
mol % of the minority component; in the equimolar composition range the face 
centered cubic phase was observed. 

In the La20 3- Y 203 system, mixed crystals are also formed in the side regions 
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only, up to about 30 mol % of each of the minority components; the Y20 3-based 
mixed crystals are cubic and the La2 0 3-based crystals are hexagonal. At the 1 : 1 
molar ratio a rhombic perovskite phase10 of La Y02 is formed. 

Since the carbide samples were prepared by us with an Exhalograph EA-l instru
ment which can be adapted for monitoring the equilibrium pressures during the 
carboreduction, we aimed to supplement the X-ray diffraction study of Adachi 
and coworkers3 •4 with a thermodynamic study of the reaction heats in the LaC2-YC2 

system. Another objective of this work was to investigate the hydrolysis of (La, Y)C2 

in view of the fact that in contrast to the LaC2 dicarbide11 -15, the hydrolysis pro
ducts of YC2 prepared by carbothermal reduction of the oxide invariably contained 
some amounts of methane11 •13 which indicates that irremovable residual carbide
-oxide intermediates of the carbothermal reduction were probably present. 

EXPERIMENTAL 

Preparation of Starting Mixtures for Carboreduction 

Mixtures of Y20 3 of 99'9% purity (Reakhim. USSR) and La203 of 99'8% purity (Lachema, 
Brno) , whose purity was checked by spectral analysis, were dissolved in minimal amounts of ni
tric acid of reagent grade purity (Lachema, Brno) and diluted. The hydroxides were precipitated 
with 10% ammonia, filtered out, and heated in a platinum crucible at 1 OOO°C for 10 h. The pro
ducts were analyzed for La and Y and characterized by their X-ray diffraction patterns. The 
reaction mixtures for the carboreduction were prepared by mixing the mixed oxide crystals 
with granulated carbon black of 99'999% purity (Pramet, Sumperk) in a ratio such as to comply 
with the equation 

a La203 + b Y20 3 + 7 (a + b) C ->- 2a LaC2.2b YC2 + 3(a + b) CO, (A) 

homogenizing in an agate mortar, pressing into pellets in a hand press. 

Carbothermal Reduction 

The carboreduction was conducted in an adapted steady-state vacuum furnace of an Exhalo
graph EA-I instrument (Balzers, Liechtenstein). The temperature was slowly increased to the 
preselected value so that the pressure inside the furnace was constantly 1'3332. 10- 2 Pa. The 
carbo reduction was carried out at 1 880°C, the time of heating was 6 h. The mixed crystals 
obtained were gold-yellow in colour and showed a metallic lustre. 

X-Ray Diffraction Measurements 

A Geigerfiex diffractograph (Rigaku Denki) working with CoK~ radiation was used; Fe filter, 
GM tube detector, scanning region 2-700 • Undergoing rapidly hydrolysis, the carbides had 
to be ground quickly in a mortar with Canada balsam, and the X-ray diffraction measurements 
had to be performed immediately. 
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Hydrolysis Study 

Samples of the mixed dicarbides were hydrolyzed with water at ambient temperature and the 
gaseous hydrolysis products were analyzed gas chromatographically on a Chrom 41 instrument 
(Laboratornl pl'fstroje, Prague) equipped with a flame ionization detector for hydrocarbons 
and a thermal conductivity detector for hydrogen. 

The components were identified by the internal standard method and quantitated by calibra
tion with standards. The chromatographic peak areas were measured planimetrically and the 
component concentrations were obtained by means of calibration graphs for the standards, 
by multiplication by Onkiehong's factor16 and conversion to percentage volumes. 

Equilibrium Gas Pressures During CarbothermaI Reduction 

The measurements were performed on the Exhalograph apparatus. After a perfect degassing 
of the furnace, at 600°C the rotary and diffusion air pumps were disengaged and the furnace 
was closed, the temperature was raised, the equilibrium was allowed to establish, and the pres
sure inside the furnace was read on a pointer pressure gauge. Each measurement was repeated 
five times and the average value was used. The oxide of carbon formed primarily during the carbo
thermal reduction was carbon monoxide; however, since between the reaction zone and the 
pressure gauge the CO formed passed through regions of decreasing temperature where it came 
in contact with large areas of the graphite components of the apparatus, the disproportionation 
reaction 

2CO ~ CO2 + C (B) 

took place to a great extent and the gas actually measured was carbon dioxide. 

RESULTS AND DISCUSSION 

The X-ray diffraction analysis of the samples prepared confirmed the results of Adachi 
and coworkers concerning the LaC2- YC2 system where smooth series of mixed 
dicarbide crystals are formed in the two side regions up to minimally 25 mol % of the 
minority component (Fig. 1). The chemical composition of the solid dicarbide 

FIG. 1 

Dependence of the lattice parameters of 
mixed dicarbides in the La-Y -C system sys
tem on composition 
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solutions is given in Table 1. In the middle region, however, a mixture of the two 
tetragonal mixed crystals was observed by us rather than the cubic LaC2 • YC2 phase. 

The hydrocarbon contents of the gaseous hydrolysis products (Table II) agree 
well with those for the hydrolysis of pure LaC2 (refs I I-IS) and YC2 (refs ll - 13). The 
major hydrolysis products are acetylene (60-70 vol.%) and C2 hydrocarbon 
(20 - 25 vol. %); higher saturated and unsaturated C4 hydrocarbons and hydrogen 
( ,...., 2 vol. %) are also present. The hydrolysis products of samples with higher yttrium 
contents contained also methane, which is always present in the gaseous hydrolysis 
products of YC z. 

The temperature dependence of the equilibrium pressures above the reaction mix
ture can be evaluated to obtain the reaction heats for the carboreduction of the 
mixed crystals or the pure dicarbides, and these, in conjunction with the heats of mi
xing of the oxides evaluated by analysis of the phase diagram, can be used to estimate 
the heat of mixing for the formation of mixed crystals for the two dicarbides and thus 
to assess the tendency to the formation of new phases in the system. In view of the 
fact that no phase diagrams or other equilibrium data are available for mixture 
of the two dicarbides in question or for other dicarbide mixtures, this information 
is of importance for estimating the phase stability in the LaC2- YC2 system. 

TABLE I 

Results of chemical analysis of (La x Y 1 _ x)C 2 mixed dicarbides 

Molecular Calculated/Found ,1a 
Carbide weight 

% (theor.) %La %Y % Cbond Crr •• 

LaO'90 YO'IOCZ 157'9 79'16 5'63 15·21 
75'3 4·9 14·1 3-6 2·1 

LaO'S5 YO,15C2 155·4 75'97 8·58 15·45 
73'3 7-3 13-8 2·5 3'1 

LaO'75 YO.Z5 C Z 150·4 69·26 14·77 15'97 
68·6 13'1 14·2 1·5 2·6 

LaO' Z5 YO'7S C 2 124·5 27'69 53'16 19·15 
25'9 50·1 17·9 2'9 3'2 

LaO' 15 YO'S5 C Z 120·4 17'30 62'75 19·95 
16·5 61·2 19·7 1·1 1·5 

LaO' IO Y O.90CZ 117'9 11·78 67·85 20'37 
10·2 64'3 18·1 3'9 3'5 

a Balance to 100%, includes inaccuracy of analysis and bonded nitrogen and oxygen (carbide-oxi
des and carbide-nitrides), which were not determined. 
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With regard to the fact that the gas measured was carbon dioxide, the overall 
process of the carbothermal reduction of the oxides and their mixed crystals should be 
written as 

(c) 

(D) 

2 (a La20 3 . b Y20 3) + 11 (a + b) C 2(a LaC2 . b YC2) + 
+ 3 (a + b) CO2 , (E) 

Choosing the pure component at the temperature of the system and at normal pres
sure as the standard state, the equilibrium constant of carboreduction is 

K3,K4 = P~J2 

where K - p*3(a+b) 
5 - C02 

P~02 = pC02/Pnormal 

The reaction heat of the carboreduction can be evaluated based on the Van't Hoff 
reaction isobar for (i), 

TABLE II 

Composition of products obtained by hydrolysis of Lax Y 1- xC2 mixed dicarbides with water 
at 25°C 

Content, %, for x value of 
Product 

0·90 0'85 0·75 0·10 0·15 0·25 

Hydrogen 0'79 1·15 0'82 2·16 10·77 2'35 
Methane 0·49 3·87 7·46 
Ethane + ethene 17·88 25'64 23'05 23·09 21'65 27'04 
Ethyne 76·17 67-83 72·02 68'9 60·07 57'31 
n-Butane 0·23 0'31 0·26 0·07 0'39 0·12 
n-Butene 2·67 2·23 1'91 2'90 1·49 2·65 
trans-2-Butene 0'62 0'62 0·64 0'72 0'37 0·70 
cis-2-Butene 0·56 0·56 0·29 0·58 0·19 0'64 
1,3-Butadiene 0'13 0·21 0'07 0·12 0'39 
1.2-Butadiene 0'02 
I-Butyne 0'95 1·43 1·01 )'02 1'08 1'34 
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Substracting the heats of reactions (C) and (D) from the heat of reaction (E) and 
adding the heat of reaction 

(F) 

the reaction heat of the carbide formation 

is obtained, hence, 

(1) 

High negative A.H 7 values indicate a tendency to the formation of new phases 
whereas positive values are indicative of the occurrence of solid solutions in the di
carbides over a limited concentration region. 

The heats of mixing for the oxides, i.e., the reaction heats A.H6, are not experi
mentally available; approximate values, however, can be derived from the phase 
diagrams. Assuming the simplest nonideaI, viz. the so-called regular, thermodynamic 
behaviour in the La20 3- Y 203 system, the chemical potentials of the components 
can be expressed as 

(2) 

where Xi is the mole fraction of component i and A is a constant characteristic of the 
system. 

The phase diagram of the La20 3- y 203 system shows that the two components are 
mutually sparingly soluble. For component i in the coexisting phases we have 

(3) 

where IX and P denote the two solid solutions. 

Parameter A thus can be evaluated by substituting for the concentrations of the two 
coexisting phases, 

(4) 

The phase diagram for the La203-Y 203 system 17 was analyzed and the regular 
model was found to suit well over a wide temperature region near 1 500°C; the A 
value is about 2·5. Hence, the heat of mixing in this system obeys the relation 

A.H6 = 2·5RTabj(a + by. (5) 
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The values obtained by pressure measurements in the reaction space during the reduc
tion of La20 3 and Y 203 are given in Table III, those for the reduction of the mixed 
oxide crystals (Lax Y 1 _ .)203, are given in Table IV. These were processed by the 
least squares method to fit the equation 

In P~02 = A(ljT) + B, (6) 

and the reaction heats of carbo reductions (C)-(E) were obtained. For La203 

TABLE III 

Carbon dioxide pressures observed during the carboreduction of La20 3 and Y 203 

P~02' Pa 
T,K 

---------------------------------------

TABLE IV 

1800 
1900 
2000 
2100 

2200 
2300 
2400 
2500 

5'9. 10- 4 

2·6. 10- 4 

1'97.10- 3 

5'26.10- 3 

1.84. 10- 2 

6'97.10- 2 

2'11.10- 1 

5·26. 10- 1 

7.10- 6 

6'5.10- 5 

3'9. 10- 4 

1'97.10- 3 

9·21 . 10- 3 

3'36.10- 2 

1'12.10- 1 

4'47.10- 1 

Carbon dioxide pressure observed during the carboreduction of (Lax Y 1 _ .h03 mixed oxides 

T,K 

\ 800 
1900 
2000 

2100 
2200 
2300 
2400 
2500 

P~02' Pa 
------------------------ -

X= 0·5 x = 0·25 x = 0'75 
-------- ------ ----------------

2'0.10- 5 

1'3.10- 4 

7.4. 10- 4 

3'5.10- 3 

1'4.10- 2 

5'0.10- 2 

1'62.10- 1 

4·74. 10- 1 

\'5.10- 5 

\'0.10- 4 

5'9.10- 4 

2'88.10- 3 

1'22.10- 2 

4,54.10- 2 

1'52.10- 1 

4'61.10- 1 

2'6.10- 5 

\'8.10- 4 

9.5. 10- 4 

4'2.10- 3 

1'64.10- 2 

5'66.10- 2 

1'76.10- 1 

5'0.10- 1 
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Y20 3• (Lao.7s YO.2S)203' (Lao.so YO.SOh03' and (LaO.25 YO.7S)203' the reaction 
heats of carboreduction are flHred = 1470, 1 760, 1570, 1620, and 1670 kJ mOrl. 
respectively. The heats of formation of the mixed dicarbide crystals were calculated 
by substituting in Eq. (1); for Lao.7s00.2sC2, Lao.s YO.SC2 , and LaO.2S YO•7SC2 • the 
values of flH 7 = 13, 20, and 11 kJ mol- t were obtained. 

Lying in the range of small positive values, the flH 7 heats indicate that in the 
LaC2- YC2 system at temperatures above 1 500°C the occurrence of new inter
mediate phases is improbable and the mixed crystal formation should take place 
in the side concentration regions only. This is consistent with the X-ray diffraction 
data giving evidence that in the equimolar composition range, a mixture of the two 
mixed dicarbide crystals occurs at low temperaturs. 
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