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Abstract 

Tb 3r=R¢~C system was investigated by metallography, X-ray diffraction, microprobe, differential thermal analyses and 
Pir~ AIterthum techniques and the .solidus surface was constructed. The combined maximum solubility of chromium and 
carb~,n in rhenium at solidus temperature (1700°C1 was found to be 53 and 36 at.%, respectively. The lattice parameters at this 
com~sition. (Cr, g:R%ta):C carbide, are a ~ 0.283~1) and c ~ 0.4443(6) nm. © 1997 Elsevier Science S.A. 
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t. |mroduction 

The fact that rhenium improves the mechanical 
properties of multicomponcnt chromium alloys (con. 
tainMg rhenium and carbon together with other ele- 
ments) focu~s our interest on the Re~Cr=C ternary 
system, The phas. diavam also supplements those of 
the systems Re=M~C (M~W, Me, V, Ti) and 
Cr~M~C (M ~ So, Ti, Zr, Hf, Nb, Ta, Me, W, Ni) 
investigated by us previously [1o3]. 

In an earlier investigation of the Cr~Re~C system 
[4] the isothermal section at 1300~C was constructed. 
The authors [4] claimed that the. combined chromium 
and carbon solubility d~s  not exceed the individual 
solubilities. 

2. E~pertmenla| 

Fortyofour alloy~ were prepared in an arc furnace 
with a nonoconsumable tungsten dectrode on a wa~ 

(~2~/~7/$17~(~) ~ 1~7 Elsevier S~¢t~cc S~A, All fights re.fred 
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teroc(~)led copper boat in a gettcred argon atmoo 
sphere. The compositions of the alloys studied are 
presented in Fig, I, The starting materials were: elec- 
trolytic chromium refined by annealing in hydrogen 
( ~ °9.9% Cr), rhenium powder (~ 99.8) and atomic 
graphite. A few well-tested master alloys were used. 
The total weight loses of alloys during melting were 
< 0.5% (except for Re-rich alloys) and were generally 
attributed to the evaporation of chromium and car- 
bon in the proportion 2:1 (from chemical analysis). 
The alloys were investigated by metallography, X-ray 
diffraction and microprobe analy.~s (JEOL "Super- 
probe 733"). Phase transformation temperatures were 
determined by differential thermal analysis (DTA) 
and the Pirani~AIterthum meth~ [5] (solidus tem- 
perature). The samples were annealed for 30 rain at 
about 3Oo50°C below solidus temperatures and 
quenched. Xoray diffraction was performed on the 
cast and annealed alloys employing the Debye~ 
~herer meth~ with a 57.3 mm diameter camera and 
Cu or Cr K~ radiation. Calculations of lattice 
parameters were carried out by a modified Kogan- 
H~ss method. 
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Fig. 1. The solidus surface p, ~jcction of the Cr-Rc-C system. 

3. Results 

The phase diagrams of the binary systems were 
used according to Massalski's handbook [6]. For the 
temperatures of invariant equilibria in the Cr-C sys- 

tern the data of ReL [7] were preferred. It should be 
noted that our determination of the homogeneity 
region for the or-phase in the ternary system is not in 
agreement with data for the Cr-Re binary. 

No ternary compounds were found. Maximal rheo 
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Fig. 2. Tile a-isoparamcter lines of the rhenium phase in the Cr-Re=C system. 
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Fig, 3, The aolt+tlk'e p ar+tmeters (a) ~ . d  cell volume (b) o f  lhe  rhen ium phase ~ .  | lwla |  a tomic  t'atio, 

+aium ~lubilities were about 19, {x and 6 at.% in 
Cq~C., Cr~C~ and Cr~C 2, respectively. The solubility 
of rhenium increases the lattice paramete~ of these 

carbides m accordance with the atomic radii of 
chromium and rhenium. 

The essential singularity of the Cr=Re=C system is 
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the huge joint chromium and carbon solubility in 
rhenium at solidus temperature, amounting to 53 and 
36 at.%, respectively, at 1700°C. It is so high that this 
composition may be considered as a ternary com- 
pound, (Cru.s:Reu.ls)~C, forming a continuous solid 
solution with rhenium. The lattice parameters of 
(Cro.s2Reoas)2C are a = 0,2833(1) and c = 0.4443(6) 
nm, larger than those for pure rhenium, although the 
chromium atomic radius is smaller than that for rhe- 
nium. Figs, 2 and 3 show the combined influence of 
both ,,',ived components on the lattice parameters of 
the rhenium phase, The rhenium phase forms equilib- 
ria with all phases, except Cr, and hence it specifies 
the constitution of the phase diagram (Fig. 1). 

4. Discussion 

The huge joint solubility of chromium and carbon 
in rhenium on the solidus surface is surprising when 
compared with data reported previously for 1300°C 
[4]. However, our result is feasible in view with the 
Re-Mo(W)-C and Cr -Mo(W)-C systems investi- 
gated [ 1,7,8] (Fig. 4). The metallic sublattices of Mo,C 
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Fig+ 4+ l lcp phas¢s on lh¢ mdidus smfa¢¢ ill lh¢ ~y~lcnls (a) 
Re++Mo(W)~C [I,21 and (b) Cr~Mo(W)=C I7.81. 

and W2C are isostructural to the hcp rhenium lattice 
and the lattice parameters of these phases are similar. 
This is why hcp continuous solid solutions are formed 
in Re-Mo(W)-C systems. On the other hand, in 
Cr-Mo(W)-C systems the Mo,C and W,C phases 
solve so much chromium that the solid solution al- 
most reaches the C r - C  side. Therefore, the 
chromium-saturated compositions, (Cro.gMo03)2C and 
(Cro.gWo.~)2C, may be treated as stabilized hcp carbide 
"Cr2C". Indeed, the lattice parameters of "Cr, C", 
a = 0.2835 and c = 0.446 rim, obtained by extrapola- 
tion of literature data [9], are similar to our data for 
~Cro.s2 Reo.m)2C. 
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