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The system TiC--HfC--"MoC" was investigated by means 
of melting point, differentiothermoanalytical, X-ray diffraction 
and metallographic techniques on hotpressed as well as melted 
alloy specimens. A constitutional diagram from 1500 ~ through 
the melting range was established. 

Investigation of the (I-If, Mo)C system (isopleth : 
I-IfCo.gs--"MoC1.0") showed a small miscibility gap within 
the cubic monocarbide solution (~) [Tc = 1630 ~ 
(tIfC)0.45(MoC)0.55]. The miscibility gap interacts with the 
solvus curve with a monoteetoid-like decomposition reaction 
at 1575~ (HfC)~o.as(MoC)~0.65. At temperatures below 
1630 ~ phase equilibria within TiC--HfC--"MoC" are 
characterized by a large miscibility gap connecting the 
TiC~HfC and HfC--MoC boundary systems. Additions of 
"MoC" to TiC--HfC alloys decrease the critical temperatm'e 
(1780 ~ additions of TiC to IIfC--"MoC" alloys raise the 
critical temperature (1630 ~ No maximum type ternary 
critical point or saddle point was found to occur. 

Isothermal sections were prepared at 1500 ~ and 1650 ~ 
At temperatures above 1960 ~ (~-MoC + C ~_ ~-MoC) a complete 
solid solution (S-B i) is formed within TiC--HfC--"MoC". The 
melting behaviour (liquidus projection of TiC--I-IfC--"MoC") 
shows flat melting temperatures in the "MoC" corner but 
extremely heterogeneous melting near the TiC--HfC boundary. 

Isothermal sections have been calculated assuming regular 
solutions. 

I. Introduction and Summary of Previous Work 

It was shown by Rudy that critical solution phenomena offer many 
interesting possibilities for microstrneture and property control of 
Mloys 1, 2. 
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A series of invest igat ions of pseudo temary  systems:  

HfC--{TiC, VC}--{WC, MoC} 

was p lanned  to s tudy  the phase behaviour  with respect to the behavionr  
of miscibil i ty gaps and  recent ly  complete const i tu t ional  diagrams of 
T i C - - H I C - - W C ,  VC--HIC--{MoC,WC} have been established s. I n  
con t inua t ion  of this work an  invest igat ion of the const i tu t ional  diagram 
T i C - - H f C - - " M o C "  was carried out. 

The phase relationship within T i C ~ f C  has been very well established 
and recently presented a (Fig. la).  

A complete constitutional diagram of the ternary system Ti - -Mo--C 
was given by Rudy  4, from which an isopleth TiC--"MoC" was constructed. 

A similar investigation of the Ti - -Mo--C system was recently presented 
by Eremenlcoq His projection of the solidus temperatures indicates higher 
solidus temperatures than reported by Reedy, whereas the solubility of 
"MoC" in TiC at 1400 ~ (83 Mole% MoC) reveals a lower value (90 Mole% 
MoC, 1500 ~ Rudy~). 

Shulishova ~ presented a study of the tIfC--"MoC" system and some 
of its physical properties. A maximum melting point was found near ttfC 
( ~  4000 ~ as well as a minimum melting point at 800/0 MoC (~  2000 ~ 
A more recent investigation of the ternary system H f ~ M o - - C  (1400 ~ 
to melting) by Eremenko ~ showed a remarkable high solubility of MoC 
in HfC at low temperatures (85 Mole~o MoC at 1400 ~ 88 Mole% 1700 ~ 
but  his work does not support the maximum and minimum melting tem- 
peratures within the isopleth t t fC--"MoC" as reported by Shulishova% 

Some data on the melting behaviour along the join HfC--"MoC" were 
available from a preliminary investigation of the ternary system 
I-If Mo--C by Rudy  s. 

No previous data on the TiC--HfC--"MoC" system arc known to 

exist in l i terature.  

II. Experimental 

Raw Materials 

Carbide powders TiC--I-IfC and Mo2C w e r e  used in preparing the ex- 
perimental alloy specimens. 

Ti tanium carbide powder (325 mesh particle size) was purchased from 
IX. C. Starck, Berlin (Werk Goslar). The total carbon content was 19.2 wt% C 
(49.2 a t%);  0.2% of which was free carbon. Major impurities included 
0.065 wt% N, 0.1 wt% O. The measured lattice parameter was a = 4.238 ~_. 

Molybdenum carbide powder: Mo2C was purchased from Wah Chang, 
Glen Cove, with an average particle size of 4 B (total amount of iron metal 
impurities 0.01 wt%). The total carbon content was 5.99 wt% C (0.I wt~o 
of which was free carbon). The measured lattice parameters were 
a = 3.008 • and c = 4.732 ~. 
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Hafnium monocarbide powder was prepared in our laboratory by 
reduction of t i l e 2  with lampblack carbon in a carbon furnace at ~ 2000 ~ 
The total carbon content of the product was 49.5 at% C (0.2 wt% free C). 
Major impurities included 0.05 wt~ N and O. The lattice parameter of the 
product was 4.640 A. 

Carbon was used as lampblack carbon (Wah Chang Company; major 
impurities in ppm: S < 400, Si < 238, iron metals < 320) and in proper 
amounts added to the carbide powder mixtures in order to account for a 
hypotheetical molybdenum monocarbide MoC1.0. 

Sample Preparation 

A detailed description of the sample preparation was recently published 
in connection with the investigation of the pseudoternary system 
TiC--I-IfC--WC 8 and applies as well to the present investigation. 

III .  G r a p h i c a l  I % e p r e s e a t a t i o n  

According to the carbon content of the powder materials used, as well 
as due to the substoichiometric carbon rich boundary of the monoearbide 
solid solutions (3) the system TiC--HfC--"MoC" actually represents 
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the section TiCo.97 HfCo.98--"MoCl.0" of the quaternary system 
Ti I - I f~Mo--C.  Due to the melting behaviour within the binary sys- 
tems T ~ C ,  I - I ~ C ,  Mo--C at TiCo.97, I-IFC8.98 and '~ it should 
be emphasized, that  the system TiCo.97--HfCo.ga--"MoCl.0" does not 
represent a pseudoternary system. As already discussed earlier% for a 
graphical representation the system was used as a pseudoternary system 
(section TiCo.97~fCo.9s--"MoC1.0" as a basis and T as vertical axis). 

But in this case the interpretation of phase behaviour is more com- 
plicated and different from that of a pseudoternary system. For instance 
the liquidus surface near the "MoC" corner (Fig. 4) does not represent 
the field of primary crystallization of "MoC" but of carbon (according 
to the melting behaviour within the Mo--C binary at MoC1.0). Further- 
more the L + ~ + C fields do not degenerate when reaching the boundary 
isopleths TiC--I-IfC, TiC~MoC and I-IfC~oC (Figs. l a, b, c). In all 
cases if not specially denoted the symbols TiC, HfC, "MoC" are used for 
the carbon saturated carbides TiCo.97, HfCo.gs as well as for a hypotheetieal 
stoichiometric (cubic) molybdenum monoearbide IVs 



1330 P. Rogl et al.: 

Because of the often misleading use of the different symbols for the 
various molybdenum carbides by different authors, Table 1 lists the carbide 
phases, their crystallographic diseription as well as the symbols used through- 
out this work. 

Table 1 

Structure Space Group, Symbol used 
Phase type Lattice Param. in this work 

-MoCI-x 4 NaC1 Fm 3m 
(also TiC, HfC) a = 4.280 A 

7~-MoCl-x 4 Mo3C2 P 63/mme ~] 
a = 3.010 
c = 14.630 

~- or ~,-Mo2C 4 LI3 P 68/mmc ~/ 
a = 3.011 
c = 4.735 A 

For a more detailed description reference is made to a systematic work 
on the notation of transition metal carbides by Parthd 9. 

IV. R e s u l t s  a n d  D i s c u s s i o n  

The Isopleth TiC--"MoC" 

On samples along the join TiC--"MoC" incipient melting in the 
melting point furnace tends to be recorded consistently at higher temper- 
atures as only very small amounts of liquid are formed during a melting 
r u n .  

As the D T A  equipment already a proved to be very sensitive to ex- 
tremely small amounts of liquid involved in a melting process, D T A  
measurements were employed. The so obtained values showed good 
agreement to the investigation oi the ternary system Ti- -Mo--C by 
Rudya; whereas the temperatures of incipient melting recorded in the 
melting point furnace proved be very close to those reported by Ere- 
f/~en]~o 5. 

Investigation of the solid state equilibrium at 1500 ~ showed 
slightly lower solubility of "MoC" in TiC (85 mole~o MoC), more in 
favour of Eremenlco's 5 results (83O/o MoC at 1400 ~ 

Fig. 2 a gives the lattice parameter evaluation in comparison to the 
investigation by Rudy. 

Fig. I b shows the complete isopleth: TiC--"MoC" based on Rudy's 
investigation and this work. 
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The Isopleth t t fC- -"MoC" 

Solubility of "MoC" in HfC increases rapidly within the sam]] 
temperature range 1500--1750 ~ (Fig. 2 b). Lattice parameter evalua- 
tion showed that  the cubic monocarbide solution ~ exhibits a small and 
fiat miscibility gap (Tc = 1630 ~ 55 mole% MoC). At lower tempera- 
tures the miscibility gap interacts with the solvus (~  1575 ~ in a 
monotectoidlike reaction (Fig. 1 c). Evidence o~ the binary miscibility 
gap is also given by the phase relationship within the TiC--HfC--"MoC" 
system (see below). Melting behaviour within HIC--"MoC" is very 
similar to TiC--"MoC" and therefore melting points primarily have 
been determined by D T A  measurements. 

The intersection of the isopleth HfC--"MoC" with the euteetic 
trough across the Hf- -Mo--C ternary at 84 mole% "MoC", is in very 
good agreement to the investigations by Eremenko 7 (82 mole% MoC) 
and Rudy s (83 mole%). 

The remarkably high solubility (85mole% HfC in "MoC", 1400 ~ 
as reported by Eremenko v seems to be due to nonequilibrium conditions, 
as arc melted samples were used which subsequently were heat-treated 
(2000 ~ 1700 ~ and finally at 1400 0C 300 hrs). But as already noted 
earlier ~~ the reaction rates within the Hf- -Mo--C system are very slow 
at even high temperatures (2000 ~ and do not always reveal equi- 
librium conditions. 

Phase Equilibria in the Range From 1500--2000 ~ 

Phase equilibria at 1500 ~ are characterized by a miscibility gap 
connecting the HfC--"MoC" with the TiC HfC binary, already inter- 
secting the so]vus curve (boundary between the 3 -~ C and ~ ~- C phase 
fields, Fig. 3a).  Experimental analysis showed that  ~-MoCl-x is 
stabilized by TiC as well as ttfC to temperatures ~ 1500 ~ as was 
already reported earlier 3, 4, ~. However no detailed investigation oi the 
ternary phase behaviour in the very MoC-rich corner was carried out 
during this study. An isothermal section was prepared at 1650 ~ 
(Fig. 3 b) to study the behaviour of the critical curve of the miscibility 
gap. As indicated by Fig. 3 b the miscibility gap extends very far 
towards the HIC--"MoC" boundary, therefore a possible ternary saddle 
point on the critical curve would have to be located in the very vicinity 
of the HfC--"MoC" binary critical point. 

But the extremely small temperature region in turn would not allow 
a sufficiently accurate experimental investigation. I t  is more likely 
from Fig. 3 b that  the critical temperatures gradually decrease from 
Tc(HfC,TiO (1780 ~ towards Tc(HfC,~oc) (1630 ~ This behaviour is 
also indicated by thermodynamic calculations (see section V). 
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Fig. 3. Location and qualitative (X-ray) phase evaluation of ahoy samples 
equilibrated at 1500 ~ (a) and 1650 ~ (b) 

Invest igat ion  of al loy samples near the T iC- -HfC binary at 1780, 
1800 ~ did not  prove evidence of an isolated critical point  similar to 
TiC--I-IfC--WC. This is in accordance to a thermodynamic  calculation. 

M o n a t s h e f t e  f f ir  C h e m i e ,  u  1 0 8 / 6  8 4  
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Above 1960 ~ a complete solid solution (cubic, B 1) is formed 
throughout the whole ternary:  TiC0.97--HfC0.ga--"MoC". 

Phase Equilibria at Higher Temperatures 

The Isopleth (Tio.45Hfo.55)C--"MoC" 

Phase distribution and melting behaviour within the isopleth 
"MoC"--(Ti0.45Hfo.55)C is presented in Fig. 1 d. Melting near the join 
T iC~HfC is strongly heterogeneous. 

Approximately 50 alloy specimens have been investigated by DTA 
and melting point techniques in order to determine the liquidus as well 
as solidus surface within the system TiC--HfC--"MoC" (Fig. 4). The 
dashed line in Fig. 4 represents the bot tom line of a flat melting trough 
separating pr imary crystallization in L q- 3 and L + C phase fields. 

Assembly o/ the Phase Diagram 

All experimental data available have been used to construct a con- 
stitutional diagram of the system TiC--HIC--"MoC".  For a more 
detailed description a series of isothermal sections and isopleths is 
presented in Fig. 1 a - - 3  b. 

V. T h e r m o d y n a m i c  C a l c u l a t i o n s  

In  several recent papers the assumption of a regular solution (zeroth 
order approach) for monoearbide solutions in order to calculate isothermal 
sections within carbide systems revealed very satisfactory results 
especially in ease of the VC--HfC--{MoC, WC} systems, according to an 
only slightly asymmetric binary (VC--HfC) as well as ternary misci- 
bility gap ~. 

Table 2 

(cal/molc) A -Feub -~ ~ (cal/mole) 

TiC~MoC ~ 0 TiC ~ 2000 
HfC--MoC = 7563 HfC = 2300 
TiC--tIfC = 8166 (MoC) = 0.98 T--2184 

In  spite of the asymetric behaviour of the TiC HfC miscibility gap 
calculation of isothermal sections proved to be very helpful in orienting 
the experimental work by  precalcnlation of the phase equilibria. For the 
calculations a computer program was used as already described earlier n 
and Table 2 lists the values used in the calculations. 

* According to the transformation of ~-MoCl-x. 
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The values of the interaction parameters  and transformation energies 
have been derived from consideration of the ternary M - - M ' - - C  phase 
equilibria as well as of the phase and solution behaviour in the isopleths 
(M,M')C. 

Considering the influence of the third component on the critical 

temperature ~x of each binary system (TiC--HfC, HfC--"MoC") ,  no 
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Fig. 4. Liquidus projection of the TiC--HfC "MoC" system 

E(Ti, Mo)C ~ [Z(Ti, Hf)C - -  3(I{f,~/Io)C] 13 and in case of strictly 
regular solutions i.e. the critical curve gradually decreases from the 
TiC-- t I fC binary (Tc = 1780 ~ towards HfC--"MoC" (Tc = 1630 ~ 
Comparison between observed and calculated isothermal sections at 
1500 ~ and 1650 ~ is presented in Fig. 5. 

On the other hand, let us assume a higher interaction parameter  
of ~TiC-_~oC = 1000cal/mole. Now according to regular solution 
theory (ETiC-~C < z~fC-~oC @ ~iC-~oC) the critical temperatures 
in all three binaries are lowered by additions of X, Y and Z respectively. 
Therefore a ternary saddle point would occur at 1620 ~ on the critical 
curve, connecting the higher criticM temperatures of TiC--HfC and 
HfC--"MoC". 

84* 
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W i t h  this  z~ic-~oc  = 1000~ a series of hypo the t i ca l  i so thermal  
sections have  been ca lcu la ted  a t  1610, 1620 and  1650 ~ Compar ison of 
these ca lcu la ted  sections wi th  the  observed  phase behav iour  at  1650 ~ 
shows far  less accordance  t h a n  calculat ions  wi th  ~Tic,~oc = 0. Therefore 
a g r adua l l y  decreasing cri t ical  curve [Tc(Ti, Hf) C = 1780 ~ -> 
--> Tc(m,~o)c = 1630 ~ seems to be much  more l ikely  t h a n  the  occur- 
rence of a t e r n a r y  saddle  point .  No doub t  exists  abou t  the  nonexis tence 
of an i so la ted  cri t ical  po in t  as s m ,  m)c  > s(Hr,~o)C - -  ~(~,~o)C. 

One of the  authors ,  P. Rogl, wants  to express his g ra t i t ude  to  Prof.  
H. Nowotny ( Ins t i tu te  of Phys ica l  Chemist ry ,  Un ive r s i ty  of Vienna) for 
va luable  cr i t ic ism and  f rui t ful  discussions. 

Research  sponsored b y  Na t iona l  Scieltee F o u n d a t i o n  g ran t  DMg-74-  
23256 and  b y  a g ran t  b y  General  Electr ic  Company  and  Teledyne,  Inc.  

References 

i E. Rudy, J. Less Common Metals 33, 43 (1973). 
2 E. Rudy and J. Throop, Mh. Chem. 104, 1164 (1973). 
a p.  Rogl, S. Nai]~, and E. Rudy, Mh. Chem. 108, 1189, 1213 (1977). 

E. t?udy, Compendium of Phase Diagram Data,  AFML-TR-65-2, V, 
1969. 

3 V . N .  Eremenko, T. Ya. Velikanova, and S. V. Shabanova, in: Refrac- 
tory  Carbides (G. V. Samsonov, t lrsg.).  English Translation. New York- 
London:  Consultants Bureau. 1974. 

e O. I. Shulishova and I. A.  Shcherbak, Izv. Akad.  Nauk SSSI~ Neorgan. 
Mater. 2, 2145 (1966). 

7 W . N .  Eremenko, T. Ya. Velikanova, S . W .  Shabanova, and L . W .  
Artjuch, Colloq. Internat .  CNRS 205, 277 (1972). 

s E. Rudy, unpublished results. 
9 E. Parthd and K. Yvon, Aeta Cryst. B 25, 153 (1970). 

lo H. Nowotny, R. Kie/Jer, F. Benesovsky, C. E. Brukl, and E. Rudy, Mh. 
Chem. 90, 669 (1959). 

11 p.  Rogl, to be published. 
~2 j .  Prigogine and R. DeJay, Chem. Thermodynamik.  Leipzig: 1962. 
i3 j .  Meijering, The Physical  Chemistry of Metallic Solutions and Inter-  

metallic Compounds, Nat .  Phys. Sympos. London: HMSO. 1958. 

Correspondence and reprints : 

Dr. P. Rogl 
Institute o/Physical Chemistry 
University o/ Vienna 
Wiihringer Strafle 42 
A-1090 Wien 
Austria 


