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No phase d iagram is avai lable  for the Ho-C system, al- 
though some s t ruc tu ra l  and  compound data  have been 
reported. 

[58Spe] established the existence of t r i -holmium carbide, 
Ho3C, a h igh- temperature  form that  can exist metas tably  
at amb ien t  t e m p e r a t u r e  (see "The Carbon-Rare  Ea r t h  
Systems," in this issue). This compound has a cubic struc- 
ture of the Fe4N-type. The lattice parameter  for a C-rich 
Ho3C composition are l isted in Table 1. No paramete rs  
for a Ho-rich composition were reported. 

The stable form at ambien t  temperature  has the approxi- 
mate  composition Ho2C and  has a rhombohedra l  struc- 
ture of the CdC12-type. [66Bac] prepared HozC with this 
s tructure by s in te r ing  a mixture  of C and ho lmium hy- 
dride at 800 ~ (no fur ther  details are available). [81Ato] 
prepared this compound by arc mel t ing 99.9% (at.%?) Ho 
and spectrographic grade C (graphite) powder. Analys is  
of the arc-melted boule gave the molar  ratio Ho-to-C = 
2.00 -+ 5. Lattice pa ramete r  measurements  by these in- 
vestigators are in good agreement,  and the averaged val- 
ues are listed in Table 1. 

[58Spe] found that  HozC3 is dimorphic and occurs in both 
a cubic s tructure of the Pu2C3 type and in a lower-sym- 
metry form that  had not been indexed at tha t  time. Lat- 
tice parameters  for cubic Ho2C3 are presented in Table 1 
for Ho-rich and C-rich compositions.  [58Spe] observed 
that  the lower-symmetry sesquicarbide of Ho, as well as 
tha t  of Er, Tm, and Lu, appeared to be isostructural  with 
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Y2C3. [68Carl investigated the Y-C system and observed 
this phase, but  were not successful in indexing the pat- 
t e rn  and  d e t e r m i n i n g  the s t ruc tu re .  [71Ato] reported 
"8Ho2C3" as an i m p u r i t y  in  the i r  "o~Ho2C3" and  stated 
that  the in t e rp lana r  spacings of "5Ho2C3" were found to 
be nea r ly  iden t ica l  to the X-ray spacings  reported by 
Carlson and Paulson for "8Y2C3." However, [71Bau], who 
investigated the te rnary  Y-B-C system, derived the crys- 
tal s t ructure  of the "8 phase" for the Y-C system. They 
reported the composition to be Ya~C~9 with the te tragonal  
Sca~C~9-type s t ruc ture .  No reports  were found where in  
the lower-symmetry form of the ho lmium sesquicarbide 
was indexed on the basis of a Sc~C~9-type tetragonal  cell, 
but  it is quite likely tha t  the low-symmetry pa t te rn  ob- 
served by [58Spe] was from the H0~5C~9 phase. This needs 
to be verified experimental ly.  

In the region between 55 and 60 at.% C, the phase rela- 
tionships in the Ho-C phase diagram may be quite simi- 
lar  to those observed in the Y-C system (see "The C-Y 
(Carbon-Ytt r ium) System," to be published).  HoC2 was 
observed by [58Spe] to crystal l ize in the bct CaC2-type 
structure (Table 1). The tempera ture  for the a ~ fi t rans-  
formation in HoC2 was reported by [73Mcc] as 1280 ~ 
by [76Loe] (same authors as [73Mcc]) as 1322 -- 8 ~ and 
by [67Kri] as 1305 -+ 20 ~ The average value of 1300 -+ 
20 ~ agrees well with the systematic  var ia t ion  of this  
proper ty  for REC2 compounds  (see "The Carbon-Rare  
Ear th  Systems," in this issue). No specific details on the 
structure of flHoC2 were reported, but  it has been stated 

Table 1 Ho-C Crystal Structure and Lattice Parameter Data 
Composi t ion Struktur-  

range ,  Pearson  Space  ber icht  Proto- Lattice parameters ,  nm Density,  
Phase  at.% C symbol  group des ignat ion  type a b c g / c m  3 Reference  

(Ho) . . . . . . . . .  0 hP2 P6Jmmc A3 Mg 
aHozC . . . . . . .  -33 hR3 R3m C19 CdC12 
flH%C . . . . . . .  -25 to -33 cF5 Fm3m L{ Fe4N 
Ho2C3 . . . . . . .  -54 to -60 cI40 I43d D5c Pu2C3 

aHoC2 . . . . . . .  -66.7 tI6 I4/mmm Clla CaC~ 

flHoCgd) . . . .  -66.7 cF12 Fm3m C1 CaF2 

a'HoC 2(el ... - 66.7 o?? . . . . . .  LuC 2 
(C) . . . . . . . . . .  100 hP4 P6Jmmc A9 C(graphite) 

(a)a = 33.07 ~ (b) Ho-rich. 
form exists. 

0.35778 ... 0.56178 8.795 [86Gsc] 
0.6248(1)(a) . . . . . .  8.785 [66Bac, 81Ato] 
0.5061(2) . . . . . .  8.759 [58Spe] 
0.8172(b) . . . . . .  8.718(b) [70Kru] 
0.8175(7)(c) . . . . . .  8.897(c) [58Spe, 70Kru, 

71Ato] 
0.3648(4) --- 0.6144(4) 7.676 [58Spe,67Kri, 

81Sak, 84Jon] 
. . . . . . . . . . . .  [67Kri, 73Mcc 

76Loe] 
1.307 2.702 0.7530 ... [68Kru] 
0.24612 ... 0.67090 2.266 [Pearson2] 

high-temperature (ct C-rich. (d) Structure of this form has not been reported, but a ~/3 transition indicates that a 
(e)Formed during long anneal tl00 to 270 h) at 1155 -+ 10 ~ 
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to be cubic and i t  is reasonable  to assume tha t  it  has  the  
CaF2-type s t ruc ture  repor ted  for the  fl r a r e -ea r th  dicar-  
bides. 

[68Kru] repor ted  tha t  a th i rd  form of HoC2 exists,  form- 
ing du r ing  long annea ls  a t  1155 + 10 ~ (100 to 270 h) 
from CaC~-type aHoC2. This  form (a'HoC2) has  the LuC2- 
type  or thorhombic  s t ruc ture  (Table 1). 

[67Kri]  r e p o r t e d  2270 -+ 20 ~ as  the  HoC2-C eu tec t ic  
t e m p e r a t u r e ,  and th is  is in r e a sonab l e  ag reemen t  wi th  
the  sys temat ic  inves t iga t ion  of th is  function. No mel t ing  
da t a  for HoC2 are  avai lable .  
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Equilibrium Diagram 
[59Spe] proposed  a phase  d i a g r a m  for the  La-C sys t em 
based  on t h e r m a l ,  me t a l l og raph i c ,  X-ray,  d i l a tomet r i c ,  
a n d  e l e c t r i c a l  r e s i s t a n c e  d a t a .  E a r l i e r  i n v e s t i g a t o r s  
[1895Pet, 31Sta,  52Bre] had  p repa red  LaC2 and repor ted  
some deta i l s  of i ts s t ructure .  

[59Spe] used La meta l  t ha t  had  been prepared  by meta l -  
lo thermic  reduct ion of the  f luoride wih Ca metal .  Chemi- 
cal and  spect rographic  ana lys i s  showed 0.01 wt.% Y, Ca, 
Cu, Fe,  and  Si; 0.02% Ca and Mg; and 220 ppm C and 115 
ppm N in the i r  La meta l .  Two types  of C were used: (1) 
" N a t i o n a l  Spec ia l  G r a p h i t e  Spec t roscopic  E lec t rodes , "  
and  (2) h i g h - p u r i t y  Acheson  g r a p h i t e ,  ATE, which  on 
ana lys i s  showed less than  0.01 wt.% Ca, Mg, and Si. Al- 
loys were  p r e p a r e d  by arc  m e l t i n g  weighed  amount s  of 

massive La (30 to 50 g) and C (1 to 10 g) under  an atmo- 
sphere of purif ied he l i um or argon. Alloys conta in ing less 
than  46 at.% (7 wt.%) C were inver ted  and remel ted  sev- 
era l  t imes  to a t t a i n  complete  homogene i ty .  Al loys  con- 
t a i n i n g  more  C w e r e  c r u s h e d  in to  c h u n k s  1 cm long 
between remel t ings  and the process repea ted  unt i l  no C 
was observed on f reshly  broken surfaces. Alloys were an- 
alyzed for combined and free C. 

The wide range  of me l t i ng  points  of the  var ious  La-C al- 
loys necess i ta ted the  use of several  techniques  to obtain 
l iquidus-sol idus  t e m p e r a t u r e s .  When  the  C content  did 
not exceed 46 at.% (7 wt.%), the rmal  ana lyses  were con- 
ducted in vacuo, using  a ca l ibra ted  chromel-a lumel  ther- 
mocouple to m e a s u r e  t e m p e r a t u r e .  H e a t i n g  r a t e s  were 
1.5 to 2 ~ For  al loys conta ining more than  46 at.% 
C, the l iquidus points  were de te rmined  by a diffusion and 
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