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Crystal Structures of Transition Metal Carbides

Makoto KixucHr, Sigemaro NAGAKURA, and Shiguéo OKETANI
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Table 1. Structural classification of binary and ternary transition metal carbides.

A) Binary transition metal carbides
(A-1) Simple structure
bcc group
hcp group
fce group
sh  group
Modified group

bcc arrangement of metals oct.*

hep arrangement of metals oct.

fcc arrangement of metals oct.

sh arrangement of metals prism**

mixed stacking sequence of oct. and/or prism

closed packed metal layers

(A-2) Complex structure

M,3Cy type M represents transition deca.¥***
M,C type metals in this column prism
M.C; type prism
M;C; type prism
M;C; type prism
Other type

(B) Ternary carbides

(B-1) Carbides between T! and T transition metals

T;_ ,TI,C type 7,-carbide
TiTIC type %p-carbide

TIT{C, type &-carbide

TLOskeskskesk
oct. TGGC

(B-2) Carbides between transition, T, and nontransition, M, metals

T:MC type H-carbide
T;:MC type Perovskite type
T;M,C type rn-carbide
T;M;C type Mn;Siz type

oct. TIC
oct. TIC
oct. TgC
oct. T¢C
oct. T¢C
oct. T,C

* QOct. means that carbon atoms are located at the center of the octahedral interstice.
*¥  Prism means that carbon atoms are located at the center of the trigonal prism formed by six metal atoms.
*#*¥*¥ Teca. means that carbon atoms are located at the center of the decahedron formed by eight metal atoms.

The above abbreviations are used in the following tables.

¥*¥* QCarbon atoms are surrouded by six TII type transition metals.
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DT, DEDOFHEHTHIETLOMBEFTHS.
FlEEE la jEZé&E Se, Y, HtiH&E
BVEEE Va jEeE Ti, Zr, Hf
HBVEESE Va l54E V, Nb, Ta
BEVESE Va k&Eo—# Mo, W
BUNEELE Va [ZE&Eo—&k Cr
EVla [FEE Mn
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Fig. 1. Schematic representation of the structure of
TagC. (a) Unit cell of bec tantalum
containing a carbon atom. Large open cir-
cles represent tantalum atoms. Small
ellipses represent octahedral interstices which
are at the face and edge centers of the
lattice. The longer axis of the ellipses in-
dicates the direction of dilatation, when the
interstices are occupied. A filled ellipse
represents an occupied site by a carbon
atom. (b) Unit cell of Tag,C, which is
tetragonal with the lattice dimension of
a<4a, and ¢=4a, where g, is the lattice
parameter of bce tantalum. The carbon
atoms represented by small filled circles take
an ordered arrangement.
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ZILRDREAF R (hep [RIE4D) X Table 2 0
SHETEY, FUSICENESE L REORCHRK X
5. BEVEIOCENEEED hep RIbHiz, M.C %
b & LA BB OME R d b, BRIV 25
FCTRETHD. —F, # I EE&ED hep RILMIILE
LERDDT, BIRTREBERELTHETS.

5.1 BEAARIEPOONAOAHEE
MR FOKRKEEN ay, o OREAFHEERL LS54

BERFOEIZ Fig. 22 WKERANLTRT. £BRT -

DOEFIRREFEROMHPERCEEEDLT L, O, 0, 0)
DRLBEZ KXFDA, (2/3, 1/3, 1/3) OREEZARXF
DBELjzt&, ABAB----- Lie s ZHEIRERD
BABERTTETVD & XX fay=1"633 275, %
OBRBALHBED /e 3HEEOEETHILE D
BATH, COEEEISThCVWS. $BEFCHEE
e AmAET EMAER Fig. 2 T/ AaRTEDL
ERTW5. IhbofER (1/3, 2/3, 1/4) % X O°
1/3, 2/3, 3/9 T, TORMBEE/NULFD ¢ TEDLTE
cBREERFE AB XU B4 OpRicfE LT
Wi REFFRIO B EDDZENTE, cfs
BRIEELD L, BBTFOKREE, g, (1/2)cD B
MAHHEELRD. MBOKREERFOHEFALRE
FHDOT, TRNTD cHEPRBREFTHEDLNAB L,
MEix MC 270508, BHEIX 1/2~1/3 0 c g5
BDOENLETT, ZOEDHICIDOTUTICRRS XS
WA WALEEBREDN 5, $EBRFOBRIIIESLR
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—132—



EBVEBRILDOKMEE

1015
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Fig.§2. Schematic representation of the basic arrange-
ment of atoms in hcp group carbides.
Large open circles represent metal atoms form-
ing a hcp structure and small open ones
the octahedral interstices. 4 and B layers
are formed by the metal atoms at (1/3,2/3,
1/4) and equivalent positions (A4 sites) and at
(2/3, 1/3, 3/4) and equivalent positions (B
sites), respectively. Two ¢ layers are formed
by the octahedral interstices at (0, 0, 0),
(0, 0, 1/2), and their equivalent positions
(¢ sites). Each ¢ layer lies in the middle of
the A4 and B layers. One-third or half of
the ¢ sites are occupied by carbon atoms in
the hcp group carbides, depending on the
chemical composition.
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EEZBNT WD, BTEHLLBRSX5, &
DHRARICE 2T, ZOHOHEELEEFHER TOAEREIC
EETHIDOTH B LBPELATShiz.

5-1-2 Anti-GdI, & (C6RY)

#AK M.C & hep RIL#WT, cRED—FDFE (/o
L XX ABD ¢ fLiE) BT NTERBRFTED S,
s DE (B ARD ¢ frif) &2 REBFEFICHD
BT EIT/L 2TV ABEE, ZOfE T anti-Cdl, B %
vz C6 BMEEh%. ZoWExRTFEORMAE
RTEL & cAOBcAdB -+ L7505, T TOR I DA
BiLHRD c MEPETHEHExEDLLTWS. 2D

* L'3 &, C6®ip & DD Strukturbericht105 T R TL
BRI EDOTINVS.

Fig. 3. Schematic representation of the structure of
anti-CdI, (C6) type carbides. Large and
small circles represent metal and carbon
atoms, respectively. Half of the octahedral
interstices (¢ layers) are left unoccupied.
They are designated as [J. The stacking
sequence of the structure can be expressed
as cA(QBcAOB-:---- .

HEDOEMET P3ml T, BTEI a=ay c=c, D
AHET, RFEINT Fig. 3 TR L7

5-1-3 ¢-NigC &

FEARAHS MC DIBEITIE, ¢ REBD 1/3 RIFaspsE
BRFTHDOLNSITE Vv, e-NigC BTk, Fig., 4
THNSBREBTR LA cNBEDS B, 1 ORERFH
¢ T, 1/3 QNSRBI TR LU oo DB LT BRE
RFThEDH LI, B20O c @ATRNIRZENTHELA
¢z DALED, T30 cWTIR/NILEARTRELA ¢ O
MEBSRERFTHEDLNTWS. ZOHEORERT
AT ORBABERIERF L cicacseiczcg--- - ThHy, RER
FDOLK BHAETFIE a' =134y, ¢'=03/D¢, DKZE
SOZFHEEL2PTWS. EBERFOEINEEZRE TS &
BABRINEFVXY c1dcaBesde,BeyAcgBe+e - Eixhn, £k
LTRERBETF 6 B Sk 5208 R 0=(5T,
BRIBRFOKRESNX a=v"3ap, ¢=3¢ TH5. ZD
ED[RFHELFIE Fig. 5 wWiRL7z.

5.1:4 ¢-Fe;N #

REEFm e e LT, Fig.4 ORE2{ES L, o
Fe;N B B&I1CE, RERFHEHOBMAERIERF:S ae
Cibgee- LTLDTWT, ¢ OREIXWTHD ¢ FTHE
KR2TWw5. &EBERFZEDHEAERIERFIT cdeB
¢c1dcy B oo Lix b, ZERAEE P6,22 OAERT, BT
DAREENE a=v'3a, ¢=6ThbH. ZOHEDETFE
Fvx Fig. 6 kRl

5.1.5 ¢-Fe,N #Y

G—EERTIE e-FeN g X bicEmRrmzcwl &
e~-Fe;N R EINS. e-FesN T3l © ¢ Bix o fif
BRI, B2Dc[id o MERXIPEERTFTHED
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Fig. 4. Basal plane projection of some hcp group
carbides. Large filled and large open cir-
cles are at the height of (1/4)¢;, (A4 sites)
and (3/4)¢, (B sites), respectively. Both
sites are occupied metal atoms. Small cir-
cles represent octahedral interstices(c sites),
partly occupied by carbon atoms. The
height of the occupied ¢ sites varies accord-
ing to the structure type. The following
table shows the occupied sites and the re-
sulting unit cell dimensions. Broken lines
indicate the hcp metal lattice with the lat-
tice parameters of 2, and ¢, and full lines
the hexagonal superlattice with e=1/3 ¢,
and c¢=cy.

Structure Notation of sites and height Unit cell

type €yt cg - €3 : dimension
C6 0 0 0 a=ay, c=¢,
e~NiC 0 (1/2)ey (B3/2ey a=1"3 aq, =3¢,
e-FegN 0 (1/2)¢y vacant a=1/3ay, c=¢,
e-FeN 0 1/2)¢ 0 a=1"F ag, c=¢o

SbhTwi. ZhiIt@RERmMLTw e, BlocfE
D 6 MERIEERFAEDDLIS>TAD. Bloe
RO ¢ BEEL o fifE & EDICTERICEDOND &, #
iz FeN 27D, ZOHEIE e-FeN LIRS,
20 cfBlE o MEXUPERRFTLDLNTNT,
COROEZFRFOEINE TN OBFEREUTD
5. zD7=» e-FeoN TlX ¢ & ¢ DRENERRETFT
L B 1 @ ¢ JBIX, o ORBRXIMBERFEFTE
DONKE2D c FO2EORFERFEZEATVS. T
DIEEDEBRTF 2 EDIHHERIERFIT ¢,d0Be, 34
coBeneees Lic v, ZRE P12 ORFET, BAHETO
SEXWE a=V T auo=6 Thd. ZOHEDEFET
% Fig. 7 wRL7%.

5.1-6 Co,N #!

ks MoC THEDEND hep RILIDS5H, T
i~z anti-Cdle Bk XU e-FeN BIORETI,

c
G —— 36
T ‘Q
B 1
€y —— ©° Q
O
& SO
L1 ®
G ® ©
‘T =
e, =" 1
6 —
a2
% { \(300 1

Fig. 5. Schematic representation of the structure of
e-NizgC. Half of the unit cell is shown.
Heavy lines indicate the unit cell. Large
circles representinickel atoms with the hcp
arragement and small ones carbon atoms at
the octahedral interstices. - One-third of the
interstitial sites in each ¢ layer is occupied
by carbon atom. The stacking sequence of
the structure can be expressed as c¢;Ac,Bey

Ac By Aey B+ .
A
C|
? QQ‘LO
ul [)
ca ® @ Co
A —
(]
az
i I an =1

Fig. 6. Schematic representation of the structure of
e-FesN type carbides. Large circles repre-
sent metal atoms with the hep arrangement
and small ones carbon atoms at the ¢, and
¢y interstitial sites. All the ¢y sites are left
unoccupied. All the metal and carbonTat-
oms in the umnit cell are shown in the figure.
The stacking sequence of the structure can
be expressed as ¢;AcyBeyAcoB------ .

B RERTFELE 2 RERTBICA TN REORET
BARRLOTVS. REETFHHERERNZ LT, 2
SORENE LS RERTFZ SEHEED hep B{LHE L
T, 3BEOSL&RIDIS 5.

— 134 —

¢

P



EBE&EBRILDOE RIS

1017

[0

(214 Taam 3 o

a

ﬁﬂo -

Fig. 7. Schematic representation of the structure of
e-FesN type carbides. Large circles represent
metal atoms with the hcp arrangement and
small ones carbon atoms at the ¢, ¢3 and ¢;
interstitial sites. All the metal and carbon
atoms in the unit cell are shown in-the figure.
The stacking sequence of the structure can:be
expressed as (c¢y, ¢3) AceB(¢y, ¢c3) AcgB------.

Co;N BOHF41E, Fige 8(a)it/hSRHATHLIEK
ERFOLEDS5 5 chilBDS5 b, LD c[BTHEV 340
OREE TETCERPICR DAL, BRTHRLEL a O
MEPRERFTEDON, F2D c BTRRL IS
7t BATBEITTLE an OMEBRSED LR TWS. &
EBEFZESO-EALERIERF T adoiBeadonB------T, [E
DL EZEZEEL T, NHROBAETFRZLLE, £
KREEZVX a'=2ay, '=¢, 2725, LLEKEERFOR
FIIAERNHE D v OT, EOBSERIZS LR T, &2
RE#Evx Prnm, BAIHEFOKRKE XX a=1"3 4y, b=cy
c=ay Th5. ZOWEDFEFEH% Fig.8(b) KRL
7o ERCRRERET ORI, o X d>eHALT 2
LERBRTFOERINDALHH, STHhT, ColC Dif4
TIE a1V 34, c2ag, THDHLHFGRD ¢ MHEICIX
Had, cEhBMEICIEPOTVT, e=13¢ OBIRIIK
LTV

5.1.7 (-Fe;N Hizs X f {'-Fe;N HY

{-Fe:N o341k, Fig. 9(2) W/ hEITR LA ¢
MEDOS L, Bl e BTREITR UL a OFED,
B2 cBTIIEHITRLE cn OMNENRERTFTH
DoNTVWS. &ERTZE DHAERIEF X ad
cnBerden 8-+ T, FHIMED LR E 2 TARFE SO BALHE
FrEBE, TOKREIIX a'=4ay, c=c, 75, LH
LRERFOHBEF DT, EaRidsisiyc, &
FEEEIE Pon, BT OKRKE IV a=¢, b=2a, c=
V3a Lith. HEAHEFOAEZ XL CopN BHokx X
DETHDL. OEEDRTESI%Z Fig. 9(b) TRL
7o ZOHELRERFOBBIETIC X 2T, BT
PRIFFEANELT 55, Mo,C DFAD XS SITITLAE

(a)
Ib
G 3 : —
8 —— §Z:>6/
Cx—<‘o/=<‘ o' Co
A— ."\“Z? :
B T |
G b S
—@
? Lgo \_‘/»’300/
(b)

Fig. 8. Structure of Co.N type carbides. (a) Basal
plane projection. Large filled and large open
circles are at the height of (1/4)¢, (4 sites)
and (3/4)cy (B sites), respectively. Both are
occupied by metal atoms. Small filled and
small open circles are at the height of zero
(cr sites) and (1/2)¢y (enr sites), respectively.
Both are occupied by carbon atoms. Broken
lines indicate the hcp metal lattice with the
lattice parameters of 4y and ¢, and full lines
orthorhombic superlattice with a=c¢q,6=1""3 a,
and ¢=a, (b) Schematic representation of
the structure of Co,N type carbides. The
stacking sequence of the structure can be
expressed as cidepBerdeypBee---.

EHLEWESDHE. ZOERICOVTIREL DFIT
DWCHRBT 523, b BB TSSO b Bh M
R, ¢ WERICKET A, BRI T Zivdsicis
HEND IS DEMTH E. ,

V,C & Nb,C OMAMEEDOHIE, RFREER
RTINS, BEHKTF DK E S5 a=c, b=4ap,
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Fig. 9. Structure of {-Fe,N type carbides. (a) Basal
plane projection. Large filled and large open
circles are at the height of (1/4)¢, (4 sites)
and (3/4)c, (B sites), respectively. Both are
occupied by metal atoms. Small filled and
small open circles are at the height of zero
(cr sites) and (1/2)¢, (eyp sites), respectively.
Both are occupied by carbon atoms. Broken
lines indicate the hcp metal lattice with the
lattice parameters of a, and ¢,. Full lines
indicate orthorhombic super lattice with a=¢,,
b=2ap, and ¢=1/3a;. (b) Schematic rep-
resentation of the structure of {-Fe;N type
carbides. The stacking sequence of the struc-
ture can be expressed as c¢yAcyBerAeyB------ .

e=2y/"3ay, b {-Fe;N BIOBEHTD b 5 X0
CHOEIZ 2B LEbOBEETS. E7-MoCo
FEFEEDOHRITIX, a=c, 6=8ay, c=%/3a, DL

FOLORFEETHZEBHMOLNTVWS. ZOBAHE
FEINIEEBELPEINTWinY. 2 boBEAIRES

LT '-FeN BrHLET 20T 5.

(b)
Structure of &-Nb,C type carbides.

Fig. 10.
(2) Basal plane projection. Large filled
and large open circles are at the height of
(1/®¢c, (4 sites) and (3/4)¢, (B sites),
respectively. Both are occupied by metal
atoms. Small filled and ‘small open circles
are at the height of zero (¢ sites) and
(1/2)¢o (e sites), respectively. Both are
occupied by carbon atoms. Broken lines
indicate the hcp metal lattice with the lat-
tice parameters of a, and ¢, Full lines
indicate orthorhombic super lattice with 2=
¢y b=ag, and ¢=2y/Fa, (b) Schematic
representation of the structure of £-Nb,C
type carbides. The stacking sequence of the

structure can be expressed as c1AeryBerAeyy
Beeeenn,

5-1.8 £-Nb,C #

€-Nb,C BDIF4E1, Fig. 10(a) w/hXATHRERL
P efiBEDS L, BlIDc BTRENTHRLE o Ot
B B20 ¢ FTIANTRLE tn OREESREEE
FTHEHOENTWS. &BET*EDARAERERIZ
crdepiBer ey B------ T, LOGEIREGERIEISFET, =
FEEE Pama, BAETFOKRE SIE a=cy, b=gap, c=
2V3a ThHBH. TOHMMETFOKRE X1 {-Fe,N B
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Table 3. Number of occupied octahedral interstices around a carbon atom in various ordered
structures of hcp group binary carbides. ‘

n th .
neighbour 1st ! 2nd 3rd 4 th 5 th
3
Structure [ —
. (1/2)¢ Va7 p V3 a,
type Distance* —0- 816a2 2 Y '2088a0 oL 6%3% _Vaam
Number of
available sites 6 12 2 6
L'3 1 3 6 1 3
anti-Cd I, 0 6 0 2 6
&-Nb,C Number of 0 4 4 2 2
occupied 0 0 12 2 6
e-Fe,N¥* sites 0 3 6 2 6
(0) 2) (8) (2) (6
¢-Fe;N 0 2 8 2 4
- Cop,N 0 2 8 2 2

* Values expressed in terms of ag are calculated on the assumption ¢o/ag=1'633.
¥ There are two types of carbon position. Number in the blackets indicates the mean value.

Table 4. Crystallographic data for hcp group binary carbides with L'3 type.

] Composition Lattice Axial ratio Composition Thermal
Carbide range parameters range* stabilit
(at%C) A co/ao (at %C) Y
(26) to 33 2y=2-8855 to 29020 1-5840 °
VaC at 1630°C co—4-5705 to 4-5770 to 1-5772 32 to 33 <2165°C
. 265 to 33 2,=3-127 to 3127 1-588 o
Nb;G at 2 350°C co=4-965 to 4°972 to 1-590 32 to 33 <3050°C
265 to 33- 2,=3-101  to 3-106 1-591 o
Ta,C at 2 850°C o—4-933  to 4-945 to 1-592 29 to 33 <3350°C
26 to 34 4,=2-998 to 3011 1582
Mo,C at 2 200°C co—4742  to 4773 to 1-585 31 to 34 <2522°C
255 to 345 a9=3-001 _ 1215
W.C at 2 710°C co—4-736 1-578 34 to 2 776°C

* Composition range corresponding to the tabulated lattice parameters.

RESLRAULT, CoN BOKREID2ETHS. D
BEDRTES % Fig. 10(b) iRl ZOHEED
Nb,C RZEE RO b b EickEs, o hmIcHoeTy
5.
hep RACHEH R KRR FOHBIER OFRIC X 2
Ty, LTHTRISIBRANAREERL LS. LR
RETFO RE-FHAEINIC & 7 5 BRED TIEiTiz &
AETEbNTE LT, Whhb2EERERHEHEOE
BigE R b7 5T It 20 Tidb 2T vty Table
3REAEOBEDHT | HORERFOARY, ok
FREFHEDISLEDTVWL PERLEGDTHS.

Table 3 CRREFETFHEMEZET 25E, ¢BET
DEHNE BB REAT TR (o/a,=1'633) TH 5
LT RERFOHAESC X 5 BB FOBLED
TEREAL TV 5. L3RR TToHakEE T
i, 2B 1 BHERE IO RERF LA L 5 R

HIRS D Eh, ZOE,PLLNPS. FRIOEDHE
TIRTOFEDERZPE L, T HDIIE, HSH
ENEETEERTOILESDDZLIHMbND.

5-2 HVESIUE VIEEED hep 51L4Y
EVERSXOCENESED hep Rt MC DT
ER, KLREE, HEWWHFET HIREHFA &% Table
41T LDV, L ORDOIETFEEIIAF D ap, o
TH5. ThidRthORERFITHRAKESEZ L
Tw5 L'3 BoEEcHiELTwS. UTFTEDED
R oWTELLBRRE3, ch 5D RIEmTiTR
FREFHRANETZ U RBEESTFET 5 T L8R
oS, Table 4 OfERIIZ O EBHI LN
DFioF -2 258 HEATWERD, ZORICKLEHE
AR ERITTAMLESHS. Table 5 T b @
hep RILMR E AL BEOHRANEE SR & SRR L.
LT Tz S0 R AREE O O BRI DWW TR~ 5.
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Table 5. Crystallographic data for hcp group binary carbides with ordered carbon arrangement.

5] .
. g g g 2l | Lattice Lattice parameters (A)
4‘;; & - .
ZEl&laER dimension V.C Nb,C Ta,C Mo,C W,C
25 ol || e=a | _ _ 2 =3-1030 _ | a=2-98
£3 i e c=~cq ' ¢ =4-9378 c =471
Z H ~ _— a=5‘005 a=5'i(27 a=5‘E4
S8 S (3] 9TV 30 _gko89, | —y 3312, | — — —1/ 3 %2°99,
4 m Q‘ L'—l:o ¢ =4.55l ¢ =4‘.960 624'721
- a =457, 2 =494 a=4172, a=4-728
g;g b =574, b =620 b =600, b=6-009
Zedy =2x2-87, — =2x3"10 =2%3-00, =2x%3-005
z €=V 340 5 _5-03, ¢ =537 ¢ =519, c=5"193
S |2] 5 |4 =13 % 2°90g =13 %x3'10| =1/ Fx3°00, | =1/ 3 x2-998
BRI S a =457 a=4731
w | O b =576, b =6-027
=2x2-88, — — =2x%x3-014 —
¢ =502, ¢ =5199
=13 x2-89% =173 %3002
“laz~cy a =4-554 a =4-96g
b=4 a, b=11-49 b=12"36 .
8 =4x2-872 =4x3'090 — — —
2 . c~2v"3ay | c =10-06 ¢ =10-89,
& |2 =21/"9 x2:904 =213 x3"145
= a=c, a=4748
i O b~8a, b =24'08
16 — — — =8x3'010 —
c=~4/"Fay| c=22'05
=41/3 % 3-010
a~c, a=497,
b~a, b =309, _ _ . -
Q| -1 « c=2y/Fay| c =10"92,
212 5|y =21/3 X3-15,
B a =4"9688
w | O b =3-0960
¢ =10-9060 - - - -
=21/3 % 31483
* M indicates the number of formula units in a unit cell. The same notation is used in the following tables,
5:2-1 V,C Fe:N Blod VoG 0BT RO b M michY

Vo€ iz ovTix Table 5 RlL7-k 5, BEET
W3 EEHOBAREE B HE SN TV S, REEFOHAI
BLF % piEF BB TR T 57251, BowMan 529
13 1400°C THoBAER % {Tie27z Vo0 #Re@HEL
7o S Z OBMLELTC 3 R ERTFORAIE S % 22T,
VoC off&rx 5-1-1 THMALA L'S BTH5LER
L7z YBpbinbhii® ) 770 85X 02y ¥ 27 i
LD RFIERFORBAETIZHFELTE D, ZDRE
Zin T HIBERIHOBERENR L CEETHEH L
BIGFE L7220, Yvon 5203 1350°C CAKLL7- V.C
BB HRXGEETHIE L, chs (-FeN MEGETH
LT EERVWAEL, BItPHTFHEEITETC IR EREEL
7220, REBFERFHAHANCEFI LA L3 BTIE, 55
ARG T DEFERIT a0, 0 TH DI, REEFH
SAFRCHRAENE T2 &, £BEFMLED C 0BAE
NOZELZ ST GREZETS. o= {-FeN B
*%?‘%&Vi a=cy, b=2a,, "=1/?ao »oThs. (-

DITHES, WA T h T I T VS, S VE
FRIEDEFLIZDWTH LT WA A, BRI & 5E
DHEEEPREC LI BIDTH B0, COERZ+H
FEHTEb0 LT 2. Yvon 5201 -Fe,N
DHARED 900°C THERINDZ ERMELTWS.
—7 Rubpy & BRUKLZD p3RZZEIREIEN & T V,C
255 L, 800°C ik & £ LB 2 B ZRE
SBFETHZEEFRVWAE LA iz 800°C BIFC
ZER Vi OBRXBERTEDTT OEFEICIE
ST B7201Tvk, (-FeaN BOHINETFD bt

O e H MO TERE 25T 5 0ERD B LMEL
TWd. ZOHBEX 5-1-7 BB LA U -Fe.N 522
TH5LDTHS. YvoN LOHEIC LS (-Fe,N #Hp
Vo€ ERICESIT, '-FeoN BHolEadairao b &
BT i3HEA, ¢ BEFICIZMUNTVv 5. Ruby 51 800
°C LLETE, DER~N5 Nb,C DOZRESE) & o ME
B eFeoN B Vo€ it 2Twa &z T 5. X
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LIEBWRETRREEFIAHACHMA L L'3 B
Wik rEL2DHDBERTH D, Bowman SOREHIZ
D LS EEROREBICHIGL 23D TH5 £F 2 Hh
5.

5.2-2 Nb,C

FR®i Nb L REOEHKER%Z 10-2~10-% mm
Hg BEDEZH T 1 600~1800°C i inEhl T, NbC
L% &R LT, BFHRERETMEEZ TRV, NbC
e-FeN BIOHAEERY L5 L2 RWE L. TDE
Yvon 52033 2000°C © 10hr Nb & 557 7 4 MR
DIREMZE MELL TR L7 NbC % 1700°C ¢ 7 hr
FiF Lo b oe i FREREIC X >THAN, FROW®
EL7% e=FeN o Nb,C pFEEZER L. LK
Yvon 5203 FERU XS5 LTARK Lizatk 4 2000
°C T&E bz 20hr 553 5 &, 1700°C ¢ ohc Bl
BO—EBSEHLTL B EERVWELE. #EHHkoo
MBS % b FREREC X2 THEL, REMESR
WL FEOHRZORAEESY E-Nh,CRILIFLZ &
REEELTVWS.

—7%, Rupy }» Brur?x Nb,C O RERE DOEF
DOZET & b7 S HAI—FRANZERER, REBSITLE
THFZE L, Nb,C 3 1200°C 35 X (82 500°C 1ET 2 %
MHOBREZ BT 2RV L S5k 1200°C LU
T OIRE I CORAREE 2 XIREIRETH, s
{'-FeeN BITHBHZ ERBEL,PIT L. HEORIFROM
REHBLT, RplemElEs, 20 '-FeN #
DOFEEHS 1200°C T e-Fe,N MOfE#EICEIEL, 5K
o e-FeN Mk »3 2 500°C 1 € R EFEF OELS
PARMA: L'3 BAoEE~NZERT 0L FXTH
5. YvoN LDFERIX 1200°C ~ 2500°C ofificd 5 —
SRDOERERBET LT VDD EBbh 528, MR
BIHiT T2 0ELDH 5.

5.2.3 Ta,C

Bowman 5293 1600°C THE{LLIEZ Lz Ta,C
BE A FVEFRERETHEN, TaC 25 anti-Cdl; B
(C6 ) offigz b b, REBETFEIEZ DEDTCER
EFEL ¢ WA MICRRAR LR OBRE L 2T 5
CEERELOMIC L. EATSMEOCRIZER> S, Ta ]
FEIE L'3 BoGarbbd it c ihMICERMS LT
WBZ ERBWEEN. TibbRERETEEREIC
xy Ta EFERRE 0064% 72FABRDTE D, #ic
BEERFEAMIC LV Ta EFEMRIZ 0064% 72
FEATYS. CThIIRERFEZBAF LT HE XS,
ThbbRERFERSCERTFEHREEZHLATS &V
5 L CHfETES. Rupy & BrRuke?® jx 1500°C %>
5 3 100°C iR ESFHT Ta:.C ORERMSITETLV,
2200°C fhRICZREDO H B EFRVWELE. LR
N REEFSBIESE LTV 5anti-CdLA 0 Ta,C
PARBAESO L'3 Bl 5ZE{Th 5LEFLTH

5. TR Db X 5 & Ta,Citidd 5 —
DHOMAETI D EET 5 2 b2k, bivbhix
F#KFEHEREE 1000°C I X8 1300°C iwhnh L, £ Dk
iw Ta 2% L THEHERIGEIET TaC FE2EKLE
TR AR TS 2K Lok R, anti-Cdl,; B Ta,C
DEDPIC -FeN B Ta,C HFHETLH LE2HLL
Wl = (-FeN Bop Ta,C B ED X 5 RIBES
B TLRECHFETHD», Li-thoBREESE & ORR?
ESH2TWBONEE, hBBelT <& &850
5-2.4 Mo,C

PArRTHE } SADAGOPANSOIAa{dh: FHiEIHE:% hep B
Rt MeC o RERFOHAIER DR ITIE T DT
vz, 50 Mo,C 8L, ZoORILWIIRER
FHHAESE Uiz (-FeeNRITHBZ LZBELPITL
7o bbb E ) 77 U RACE R OB TR R
WX BHRT, FAEFMDOEH DI Mo,C EFEE/ER
LT, MosC 73 L-FeeN Bz /s B 2 E&FER L. &5
CASH T A DEMATI S A Crx Table 5 IKRL7ZZE S
2, BAIEFDS a=co, b=8ay, c=4/Fay TSI
TESHEBELET B, Rupy 5WDF ) 7570 —m®
FROKEREFMHIE L, MoC D REFEFEZIO
HAI— AR DV T 2 DELLFANT VDS
T XauiE 1400°C fhEiC RS 35 0, ThX DK
1B TRER {-FeoN o Mo.C 13RERFOAHANL
ftmlo L'3 #icZigd 5. Lol (-FeN #lo Mo,C
i 2 MEEDH O C, T bhiE Table 5 dhsb X5 Wi
HEFHAHAACERLTD, Mo FRFREN L'3 &
O Ob BIERT LI g &, RSO BRI T O b il
BN, ciFEceREhEE L THE. HoHI
WiFE a'-MoC, ##E% a-MoC LIEATWS. Pa-
rRTHE & SapacoraN DOEEHbIvbhORE D ¢/i=
v 5/2 Téhh Rupy LDWS a'-Mo,C TH5 LI
LD

5.2.5 W,C

BUTORINA & PINSKERS® [I3KFE % o &7 A F L HEEiw
1100°C “C 5min, —E{LRFEHF AR TR LTERL
7= W,C 2B F#EFECHIEL, anti-Cdl, BRI
HEBEETH L2 RWE L. bhvbn i3z
Z 7 R EE OB FRREH I X 28T, WCH%
C-FeN #lds X8 e-FeoN BOMBAIEEZ L 52 228
»7z. Rupy & WinDscE3D IR EZGHTOFE RS,
1 250°C L) L CHRET 5 5% WoC ¥, 2100°C & 2 450
°C LI 2HEDOLEREEZ L DT WVWB I EERWE L.
1 &v¥ 2000, 2200, 2400, 2650°C iz D310 min
R L7230k 300°C @i shicBEAN T, XEEER
FTHAN, 2000°CCRFFLADDRARLERCH 5D,
2200°C & 2 400°C THREE L7 b D CIRAHHOMFH
DO—ERHBRFEICHEE L TWT, TOR{EWDS -FeN &
CThdETHETNTOEFHETIATES LWELT
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Wi, WO REETHHAEZ LT -FeeN 2
5% &, flFSO b EmIciEe, o lilchrAciEt. &
51X ButoriNA & PINSKER DiERZHER LT W.C |1
2100°C BIFTiE anti-Cdl; BTHhbh, 2100°C »
2450°C DRACix (-FeeN B2 7c b, 2450°C Bl b
EEECIXREFRFBAHRANCEIILTwDH L'3 Mg
HHDEFELZTWSD. —F, Yvon 53053 2 100, 2 200,
2300, 2400°C I2{R#F L 2-3lBl2 8RB IKBEANT, &
DOFBE BT HERRE T L2 THAR, T o4
e-FegN Bl L jeD> Tz b LTv%. Rupy & Win-
DISCH DFER E YVoN LD RIS FELT W
T, HIKBEAREOMBELZE LTI VA ES i3 L,
TEIR V.

DEEVES IOEVED hep Rt AN SR
IREOEISE» b RT &7:23%, MR X > TS NE
SECTAET BRI, 2T 52 L1V 5 ETHA
Ve ERRHmE Stk oTh, BEREEAS KB L
THZEDELLN, ZOMOBRA—FHEAZTIZCIizS
BOWRITFF D EA L.

5-3 & VII{/EED hep 1L

BVWEEE D hep RIEMORSE BT 57— #
% Table 6 T% &»i-.

#D hep RILTIGRE(L e-FeamsN & GRDFETEL
FNER U THHDC, 2Tk e-FepryC L Z 21z
T5. ZORILMOMBREEIZ OWTIZDE M
Fhx7e <, FeC, Fer sC, FeyC &2 EMNB T & D
& 5. HorEr 5,443 FiscHErR-TRoPscH & RITHV3
S A — LR BT ATIRRL, e-FeryC 2E&RL
TXEREFES X ORRHIE 2T D7z, Jack*px 450
°CC,y'-FeslN 2 —{bREFN A ERIEI T E %, &7
ROSESRIRFETEZEMBERINT ¥-FesC: MRS
HLIRTIZ, e-Fex(C,N) oRE(LMBERINDZ 2%
R\W7ZL7=. HEENREICH 5%NIfR#E 0°9%, 223
0:0056% DEEANEEE 200°C THEER Lz B4,
hep (LS MOFLEYE FHEPTEIC I 2CEDHT VWS,

DALk g /o 250°C LIT R T— ks B
WSRO IR R Z R L CAR T b TES.
DO e-Fep—3C 2 EFMEETIR X VIFEL,
BROBEARL IR E DR T, RERFHSAERD P
RLE %2 FRAIIC 50T, Z OHEEIL e-FeyN Bl x0T
WHEZEERIRLENLT L. ZORIEMEIRERET, 2K

L7z e-Feo—3C 1IE 22 b ¢ 380°C o hinhd % & X-FesCs
L% 5. Barton & GALE*®|3 Fiscuer-TropscH 4
BRITHER U7 ghfididt % XEREIHAEET IR L, HBFEkk
a=b=2-794, ¢=4-360A, 7=120-92° DHMETH S
BRIEME RV L. ChiZBAFRT HoC, H
Zerp 320°C CHEEHEIMNELT 5 & AH 5D e-FeosC iThs
5. BEORMBEFRVERE THS 2 &, BT XoT
e-Fe:3C WELTHZ L%, LPBOBIED-DTH5
ELTWA.

BEAN=VT o914 FOBRLIZE DS RILIDHT
HE S EFRMSE CHE LIS 5, KIEE TR
RUZZEEMHTLEFELONTVS e-Fey_sC OFE
ZMEREL 72 WA DWMEIREMIC OV TIER V. bh
DNREMESKEZRR L TERLA 1'13%C REMD
120°C THER L7c & ST T 5 BT DWW BIZE L ,
ZDELENMBTHRIEMT e-FeeuydC T3 T, ZHh
LUz #8E%2 DD CoN BORILNT b5 L%
B ST L7, BER LRI e-Fep-3C LIS D (L%
RDICEVISBERZDIFPICDH VD, REELHFH
RACHOEE LS T OV TR SR T~ 2EI %
AN

Co.C RBALELIRILM T 543, 500°C LATFC—E
{LIRBH ZAEANT ISV P EZERLUTERINE. &
DffEH* Table 6 CRLAXSic, CoN BCoH D &
&, Crark & JacksD iz ko€ XERES FHWwT
REZH, ZRiThbhbhsDLEFHEFES FVCESR
L7z, ebitbivbiii CoC 2 EZeth-ChpEid 2 &
B0°CTHMLT ANV ERBEICABL LWL,
L.

Table 6. Crystallographic data for hcp group binary carbides of class VI metals.

. Carbon |
Composition! Metal lattice atom Sys- Lattice iiSpacc Thermal
Carbide [range i Lattice | Axial e . .| tem Type |parametersigroup | M stability-
(at % C) 1 Type hparameters‘ ratio Eg;l_ E&i:g:
i . (A ! cof ag | -
! ' ‘ ! i E - |
- | =2-752] ‘ ‘ a = |
E_Cz 30” (25 to 33) | hep ‘;g=4_35gg 1-582 | Oct. Order! Hex. | ¢-Fe;,N ‘:=20/3 ao‘“‘ P6;22) 3 < 370°C
'pseudo- ‘ T “a f4:469 | o
Co,C hep ] Oct. [Order {Ortho,| Co,N bb -‘21 3%8‘ i Panm| 2 [<450°C
c =2
i . ﬂ ! [ I
e-Ni,C' - hep 20=2088 1-639 | Oct. Order! Trig., e-NiyG|2 =V 3% g3, | o | 43000
| co=4 306[ ‘ l c= ¢ ﬂ
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e-Ni;C* 32013 Y RRERRILIWT B 5 53, Jacosson
& WESTGRENSDN.F DFFETE 4 L, R XHREIHBK
XOoT, CORIEMBAFMTHDZ LEZALNIT L.
bhbhSONILEER L UVWbWYw 5 BEEROKERE
—B{LREN 22 AVT 450°C DITOEETERERL
T, e-NizC #ERKL, TOHERZEBEFHRETETRE
L7 ZOESEEOHMZS 1.3 Tl Zokik
WirEZEhTiEvT 5 & 430°C THAELTC= v v
KEECD. R{ILWPORFZOHAEIIE Z DS R
EE TN

BLEdR~7z X 5w, FEMELED bep RILMWART R
FHEFHBAERNZ LTVW5BZ &1, & LTETHRE
MBI O2THLr I ZOHRBIEINIEIER T
BRI B LB FREEINDH, HAI—FHAIZER
bW RERRV. iRz 0EoRbmIT
NATKETRIETHMBE T 50, BOR{LBDEEDLS
DT FHRE MR BALE O MBI —FHRAIZERRIRE X VK
WhHTHEEELLNS.

6. ZILROELIULFRILOEE

LS F R b o R FEe3)% Fig. 11 R LU 7.
CORTRELAIIRELFCEITI LTV E2EEBRT
%, NERBIREERTH 2L AEKT EHMLEZ
RLTW3. FI, BN, BEVEIUCEVHECLET S
BrREFELOMIERINS fcc RIEMORERTFIXT
DOAEERT ERMELZ DTS, T T ERME
BRERFILIO2TEHEDLR B E, Mk MC o NaCl

Fig. 11. Schematic representation of the structure
of fcc group carbides. Large open and
small filled circles represent metal atoms
~and octahedral interstices to be occupied
by carbon atoms, respectively. In the
case of NaCl type carbides with stoichi-
ometric composition, all the interstices are
occupied, but in the case of understoichi-
ometric composition, some of the inter-
stices are left vacant.

* 10 THRNBEA o4 b ERAEOMNTRE NisC LD= 550D
hep BR{bE 2RPITBIcDIT, T T T2 hep RIEY % -NisC
LI, N . . .

BigE 5. BEEL SN, BV IVEVEREERED
fce Ribive, FofkE MCy 2 EL & x=1 Ob
DIEVERERICFEET 5. RERTFH/NEET SR
BXRBANC 5D TV & &3, +<] OHALT D NaCl
BIR{bH VS5, F74 Fig 11 oLtz 5/\H
BT ERZERL TS, KREREFTHAMCEDLND L
Fig. 28 X5/ v, MM MC oReFAHA4 b

“(Perovskite) #EICILD. Z OB DOWTIEEILHRD

TMCH B L E LTikic 18 ETHNS. EOMHE
RELTWEEBRFDO2L 5, loTEMMETH S
POtk X FARLE % B E R T 55 G DTV 5 HlE, PINSKER
& KAveErmS®OQD 4% L7z Fe,C DS it bivTvwiny .
6-1 FHIFEHFED fec R{Liy

BLEEED fec PO REREIE MC 2 LI
A2 TWH EEZBRTWS. ZOHEOR{LHE, 8
BT B AT AT o % NaCl B L OIFEIT DV
T, UTFioahR5 X 5 i Bikd SHEEREEL TV 5.
Zh Uy ad feo Bt ScCx TIIBEFIRED x=
0'3 »5 0°5 FTHMT 5 Lk TEHITa =467 55
a =472 FTHMIT . L L YCr® 5 XTRECk
Oz E+ 5 GdCy, HoCy, ErCyg, YbCx T2V T BF5E
Bk R EEO LR & TR & THlE LcfEFE, Table
TIRT XD ITRERECHEME & DT, HTEEDNR
SFTBLEERLTVS. $RBVWHLIEEECETS
La, Pr, Ce, Nd icix NaCl B! B{bMIIfELE Lig 5.
CRERRCREOED LS RELB L ENTES.
Table 7 CR&EBIFEFO¥E, Rm(L12), k¥ X TRER
FOYEE Rc=0771A L Lics &D Rc/Ry DEZ
NaCl BRI D HBFEEE LD HFTHSB. BE
TIRENE LTV HEE RFOTERME OXE S X
0414 Ry TH2T, BUNEEE L RE L OEFFEL
Rc/Ry XEIE 044 IRV E DTS, T T Re/
Ry<0'414, T7xbbAEKETERMBEORE X MRRFE
BFoAkExXLhbkEndE, €BERTLRERF
L DOEESBARRE L DT, NaCl BOBESFETE
B ENnd T ENEZLNS. X5 NaCl B E
BEEL 5 BERANE, Re/Ru=~0-414 T3, RFERF
LEBRET EOREDRENEER TEHCIM®LT,
RERESHEINT 5 LB TFEBIRLST 5. TERMME
DR EEHBINEL DT, Re/Ru>0414 2755 &, []RFE
BEFLEBETF LOBRDDOREAMBOBA IV,
RERF /NI T EMMECHE LRAD D &V 5 ~TEERD
BOEBBAEL, BFERIRFIREOHEME &I
#H+ 5. Table 70 X % &, kit~ 7z X 5 7 NaCl &
BENEELIN DL BrOERL, HLEEEEORSY
whBL ERbh»s. L LEBICIX Re/Ru=0"414 o
HARH L EETIE /L, 0425 fhiZRE LTV 5.
F b bRe/Ru<0-425T &b 5 8E v 7 584 /E i vaNaCl
TR VIAFERE T, 01425<Rc/Rm<0'45 TiIRER
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Table 7. Lattice parameters of NaCl (B1) type carbides in rare earth—carbon systems,

) Lattice parameters (&) R(L12)**
Element ‘ Re¥ex /R (L12)
! By LALLEMENT By GESCHNEIDNER et al. :9)

Sc 467 to 4-72% — 1'641 0-470
Y — 5-127 to 5-102 1797 0-429
La — X 1-877 0-411
Ce | x x 1-827 0-422
Pr i X X 1-828 0-422
Nd — X 1-821 0423
Pm — — — —

Sm 5-059 5-172 1-804 0-427
Eu — — (2-028) (0+380)

504 to 503 . .

Gd 506 to 5-02 5-126 1-801 0-428
Th — 5-107 1-780 0-433
Dy 5-01 5-079 1-772 0-435
Ho 4:99 to 4-95 5-061 1-764 0-437
Er 4-97 to 4-94 5-034 1-755 0-439
Tm — 5-016 1-744 0-442
Yb 4:96 to 4-88 4-993 (1-940) (0-398)
Lu — 4-962 1'733 0-445

* The lattice parameters have been taken from Rassaerts et al’.s data.

** R(L12) indicates the metallic radius for ligancy 12.
*** Rg is the single bond radius of carbon, Rg=0'771 A.
X Attempts to produce an NaCl type carbide have failed.

FIREOHME & biT, HIFE fHiasd 5. el
Re/Ryu=0'47 DRI o9 nR{EHOES 1 I~TEES)
ROBZEHANTIL 2TV, REFWEOHEME & DITHTF
EHIM KT 5.

Z D N iEEIED NaCl B bir, MR R
T, RERETVHHRAEIZ U -BEMmHEE?S MG
B5, ZHEHTEMPEI? R3m @ anti-CdCly Mo
ERBZLEBHOENTWS. ZDZ ki GdC,Dy,C,
Er,C, Ho,C, Y,C80 jzowtix, 3% X #EHE
X 2T, HopgC3s X 08 ThyCeD 1z DTk dhi: F# [
R X 2T, 7 Y000 DT i BfES % v 7o
KRR EE L RO REFHERTEIC X 2T LI X
. INODORILMOIERIGECET T~ 4%,
iRpTable i E EDTHBE. %= Z O DEFEF)
ZFig. 12(2)icm Lz

Fig. 12 34 v b ) O &R LM DOWT, REFRFH
THRENCEZI L CTv5 NaCl B YCx &, #HAIWZEF]
LT\ 5% anti-CdClL, # Y,.C L OB%RERLTH 5. T
b blE DRFEINNZEFEEOMAERNTEDLT &,

MCy.s DAY A’ Ba'Cb' Ac' Ba'Ch' - --- iz, —F
M,C. Tt AcBOCAA[BaC[]------ EiloTWwWa.

T hep RALWOHANGEDHACAVAELFRU X 51T,
AXFREBORERFEY, MNFEIREORERT
mxEbLL, ORZEOmE, o, b, ¢ i &i3ESoht
BAFRHAC 5D Ty 3REEFEEEDLLTY,
5. ZITHEBRD DT &0 BFAIEISRD v Y.C,
TheC H X Ho:C TlIWTHLREEFEBERIISIAL
EBIRAFRBOME, 3t b 4B @ AB (0B, B

REFRZBIELVEBERETEOMN, bbb B0
Co BC MiOEHI VBRI ADP2TWBEZETHS.
CNREBETF LIKERT & OBEAIC X > THEASIBEMS
L2 T340 LFE 250, NaCl# o YCx, ThCy
HoCyx TRIRFRIREOHMIME & LITHFEHIS BT S
EVWIHIHEREHIGELTWES.

Sc;C OFBANFEE BT LT RASSAERTS 5501, 3k X
MERFEE T L. ZTOEE Fig. 13 KRLTH 5.
NaCl BEED ScCx DIFFEE a0 &35 &, HAI
REDBABETFOREXL a=2¢) TH Y, SN HETIE
flif¥ Fd3m Th5. ZoEMHEET57 -4
Table 9 iTE 2D TH 5. LiLEERED DA
T BB RERIC X DT w5 Z &, # 72 RassaErRTs 5
DORIEIFRENT Y.C, TheC H By iz HooC L[E L anti-
CdCL M THD E LTHBHENRTE 5007 L jp KRS
BH Y, ScC BEENTNOMHEETH S M iihiEFE
BRI ECEI LR T 5L EBH 5.

6-2 FIVEHEIUEVESED fcc Rt

BVESIVCEVEC BT &£F0 NaCl #8531k
X, Table 8 IR 6N 5 X5 ILHEADRERESMCiz
KE, PRUECGHERBRIC O DTHEETS VWS 4
THELOLTWS. BVESBWERLHE LT NaCl #5%
bz —BELIERT 5. HTFERREEREDOHERN
EEHITHINT 54, R{IEHOMERKE MCe L EXED
Licd & =1 XIS hREBEDL AT,
HFEROBAETRT T EHBHRE S Ty 54660,

BVEBSICEVHECET54E0 NaCl gk
DRFREZECICE DR SBFERDE(NIEZE L OWE
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Fig. 12. Schematic representations of the structures of the cubic and trigonal yttrium hypocarbides.

The cubic structure is drawn in the trigonal axes.
The capitals 4, B, and C signify the close packed

Y,C drawing is placed at (0,0,1/2).

The ‘‘origin” marked in the trigonal

yttrium layers, whereas the lower cases a, 5, and ¢ designate the close packed carbon layers.
The stacking sequences of the cubic and the trigonal carbides can be expressed as A[<|B

[s)CB) 4[| B[z|C|&]- -+ and AcB[CbA[1BaC-++ -+ , respectively.

given in Angstrom unit.

Zr I OoTHEZRTWED, RIEIKLDTO 1 wtfg
EOMEOEREDHELR EDEAD, BFERTKEKL
L Hirx B LB DIOT ET, EROBEIERER
RS TULENRELTER. ZOAEDVWTIX Sto-
rRMsH OO X HHEHIE N 5%k E ZRRLT Wil & v,
Fig. 14 Ti3Hh RamQvisTs®D s Ui, BT ERD
RRIEEREE R LS, R L sl od 2R
MOGWHERTE2TE D, TRIBREGHORT HHIE
HERO—HITHS.

Interlayer distances are

HVELE T NaClBIR ALY MCx D3 ic&BRlD
1 Y EEHR & oz Table 2 1077 L & 5 WA A M:C
@ hep RALWEB O C-RILMERE T 20T, EVNEE
BoNaCIERILm & & 5% &, Z OEDIccE kb D
HRAEEIZ WL BAREL DTS, BFERILKE
BEORMME &b, mARKREE T, Fig. 14 K577
X5 wEFciEmL, £ VEEE O NaCIE R Lo H&
DX S CHRFERBRPIRDIS X578 T L7z

EVESICEVELET 54E0 NaCl BR{t
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Fig. 13. Schematic representation of the structure of Sc,C. Only the octahedral interstices are shown
by the circles. Half of the interstitial sites represented by filled circles are occupied by carbon
interstices. The dimension of the unit cell is a=2a,, where
a, signifies the lattice parameter when the carbon atoms are distributed at random.

atoms: Open circles represent vacant

J N
i I z . HfC / *
433 ne ,-ﬁf.hv‘ 470 rc ?"‘: N 464 A
I / / X / /
rd .
. / , /° ) /
432 - /- 469 / 463 /
;/ ,.?
431 s 468 462
/
04 06 08 0 04 06 08 1'0 04 06 o8 10
C/Ti C/2r C/Ht
A ve _ war NbC = 246 ToC
/l o’ [
. o /
/ 7 7
P 74
415 445 f ] 494 >
/ W4
Fad [. t.
413 / 443 '/ 442 / '.
[ y '
W
04 (0] 08 1’0 04 06 08 10 04 06 08 I'0
C/v C/Nb C/Ta

Fig. 14. Variation of lattice parameters (A) with composition of class ¥ and ¥ metal carbides

with NaCl (Bl) type structure.
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Table 8. Crystallographic data for NaCl (B1) type binary carbides of class ¥, V, 1 and VI metals.

Composition | Lattice Corresponding
Carbide range parameters  |composition g:gﬁ?tal . Remarks
|t % © (at % C) : ¥
TiC 33 to 50 4-310 36-5 3250°C Maximum lattice parameter
! at 1645°C 4-329 49-5 (m.p.) a,=4"331A at 46-¢ at%,C
7:C ‘ 38-5 to 50 4-683 . 365 3 420°C Maximum lattice parameter
r at 1860°C 4698 494 (m.p.) a,=4701A at 46°1 at,C
HEG 38.2 to 50 4-623 373 3830°C Maximum lattice parameter
at 2 210°C 4640 49'6 (m.p) | ag=4-644A at 47°1 at%C
Ve 375 to 465 4-130 42-4 2650°C
at 2165°C 4-167 465 (m.p.)
NbC 41:8 to 50 4-433 41-8 3 480°C
at 2400°C 4-470 50-0 (m.p.)
TaC 41-5 to 497 4-410 41-5 3825°C
at 2400°C 4-456 49-7 (m.p.) °
(CrQ) — 3-62 _ > 2000°C J—
. . . 1960 to | _
MoCx 2?225‘6’06*?.’ 4200 397 2600°C | a,—4-256A at 35 at9,C
. (m.p.) .
. . . 2530 to :
we, | 3775 10 39°5 See remarks 2750°C | ao—4-215A at 45 at%C
: : (m.p.) ' -
a, ' '

u?

AT
=l

a.

p a—

Fig. 15. Schematic representation of the structure of
VgC7. Vacant octahedral interstices repre-
sented by broken circles take an ordered ar-
rangement in the cubic lattice with the dimen-
sion of a=2a, where a, signifies the lattice
parameter when the carbon atoms 'are distri-

* buted at random. -The vacant interstices are
placed at the corners of the cube and the
centers of the hatched planes. Metal and car-
bon atoms are not shown in the figure. -

MCy T, REIREN »<1 OLERREREFHADS
SAEGT EMEECREFEFCLI2TEDLNTWE
WEIEFENTE S, ZOEHTROBRIEZICOWT
V3, BRERA D THAESIUD 6NAE» VT, ££F
BAZ: . :

GoreTzy1®)Y TiCy OWRESREFIREIIRLT,

& OB SV E R E S
© & Rossier®p3 NaCl #): VG 0 NMR DfllEd Sk

L REGCTT B T b, RERT ORI

U, o FRESE TR L. T ORER TiCos 1155

Lz Fig 13 1R L7z SeC k RIUHESE % b D7 RIS

WSS T LR BV L. 113 ZrCx Kb REDE
IR RADE R AR S ET D T SR REL
TV 5. | |

VCx W BTEE T VeCr & VeCs @ 2 FHEDHIAY
FESM SN TWSEL, (P BME Nt iz Rk

Frommevaux

ZRTOHBEFOFELHEL, De NovioN 5801 Z
OMANEE SR VeCr DB P432 0L DTH S
TERHELHIT L. ZoEREECE T F—-4%
Table 9z, REFEFLEDOZEHRTFLADOEF%E Fig. 15
WRL7. ZORAMEEDBAKTFORE X3, RER
F3RERIZEEFIE U TV 5 NaCl B (ki ooig 8k
% ay ¥ B L a=2a, TH5. KorpEs™ iz D3HEIKE
EOHRXBHBELAEL T, REEFORANLICE S
BWVEFRE SO THRENT S EHRELTWS.
Z D VsC; DIRANEE OFFEVT VENABLES 57DEFED
TVW5. ORI VeCs OAEES, =L
TEFHMERETHRE L. 20D Vs OfsmiEED 7
— &% Table 9 1, FETEFIT Fig. 16 Rl - &
OEENREBRFHORMABERTELS L 6 BOLER
FED S DTN, aCltlAcBa|CoAc|B - - LEXH
bbhbahsd. zoTle, (B, [[7% &, coRERTRE

— 145 —



1028 g Lt

W 57 &£ (1971) ®6 S

Table 9. Crystallographic data for superstructures based on NaCl

(B1) type carbides with

ordered arrangements of deficient carbon atoms.

: Struc-| -y - ttice parameters | Space (Carbon | Thermal
Carbide System | ture | (A M atom | stabilit Remarks
type ) ’ group position ‘ stability
i ~9, —Q: 1 Composition range
Sc,C* Cubic | — | a=24,=9-44 16 | Fd3m | Oct. — B W e
; : Composition range 32

TiGos* | Cubic | — | a=2a,=8'6 32| Fd3m | Oct. | <1900°C | [ eTPOsmion range &0

VeC** | Cubic | — | a=2a,—8-334, 4 | P432 | Oct — —
a==(11/"2)ay,=3-617 _ '

Y,C** | Trig. | C19 | c=2)/ T a;—17-96 3| R3m | Oct. |<~1000°C —
c/a=4-965
a=(1/1/9) ay=3" 552 — |

Ho,C*** | Trig. | C19 | c=2)/ 5 a,=17-68 3 | R3m | Oct — z =0°256
c/a=4-976
az=(1/v"2) ay=3"595 _

ThyCr* Trig. Cl19 | ¢=221/343,=18"19 3 | R3m Oct. — z =0-2593

, ¢/a=5+060
’ a= (/6 /2) a,=5-09 :

VeCy**** | Trig. — | c=21/ T ay=14-40 3| P3, Oct. — g’g:‘ly electron

c/a=2-83

hd Atom positions for ScpC : origin at center 3 m.

32Sc at 32(¢) with x=3/8, 16C at 16(d).
32(e) :

16(d) :

e Atom positions for VgCy :

{x,x,x; x,1/4—x,1/4—x; 1/4—x,x,1/4—x; 1/4—x,1/4—x,%;
0,0,0; 0,1/2,1/2; 1/2,0,1/2; 12, 1/2,0)+ |Z%,X,%; ,3/4-+x,3/4+x; 3/4+%,%,3/4+x; 3/44%,3/44x,%;
1/2,1/2,172; 1/2,1/4,1/4; 1/4,1/2,1/4; 1/4,1/4,1/2.

24V at 24 (¢) with x=0°133, y=3/8, z=1/8, BV at 8(c) with x=3/8, 12C at 12(d;)with x=5/8,

12C at 12(d,;) with x=—5/8,4c at 4(a).

%052 1/24x,1/2—y,7; X,1/249,1/2—2; 1/2—%,5,1)2~2; —x,3; 1/2+2,1/2—x,7; 7,1/2+%,1/2—y; 1/2—2,%,1/2+;

24(0) {y,z,x; 1/24-9,1/2—2,%; 7,1/24-2,1/2—x; 1/2—p,7,1/2+x; 1 f4—x,1/4~2,1/4—y; 3/4+x,3/4—2,1 /4 +
e):

Y

1/4—y,1/4—x,1/4—2; 3/4+p,3/4—x,1/4+2; 1/2~2,1/4—y,1/4—x; 3/4+2,3/4—p,1/4+x; 3/4—x,1/4+2,3/4+y;
1/44%,3/44+2,3/4~y; 3/4—y,1/4+%,3/4+2;1/4+7,3/4+%,3/4—z; 3/4—2,1/4+5,3/4+2; 1/4+2,3/4+,3/4—~x;
12(d) - {I/B,x.l/4—x; 3/8,%,3/4—x; 5/8,1/2—x,3/4+x; 7/8,1/2+x,1/4+x; 1/4—x,1/8,%; 3/4—x,3/8,%;
T 18/442,5/8,1/2—x; 1/4+x,7/8,1/2+x; x,1/4—x,1/8; %,3/4—%,3/8; 1/2—x,3/4+%,5/8; 1/2+x,1/4+%,7/8;
8(e) : {x,x,x; 1/4—x,1/4—x,1/4—x; 1/24x,1/2—x,%; 3/4—2,1/4+x,3/4+x; %,1/24+2,1/2—x;
€): 3/4+x,3/4—x,1/44%; 1/2—2,%,1/242; 1 /4+x,3/44+x,3/4—x;

4(a) :
Atom positions for Y,C : origin at 3m.

6Y at 6(¢) with z=0'2585, 3C at 3(a).

33 €0,0,0:2/3,1/3,1/3;1/3,2/3,2/3)+ 3. 3% 007

Atom positions for VzCs :

*kw

Hokk

1/8,1/8,1/8; 5/8,3/8,7/8; 7/8,5/8,3/8; 3/8,7/8,5/8.

3V at 3(a) with x=4/9, y=—1/9, z=1/4, 3V at 3(a) with x=—2/9, y=—4/9, z=1/4,

3V at 3(a) with x=1/9, y=2/9,
3V at 3(a) with x=4/9, y=2/9,

z=1/4, 3V at 3(a) with x=-2/9, y=-1/9, z=1/12,
2=1/12,3V at 3(a) with x=1/9,

y=-4/9, z=1/12,

3C at 3(a) with x=1/9, y=—4/9, z=1/3, 3G at 3(a) with x=—2/9, y=—1/9, z=1/3,

3C at 3(a) with x=4/9, y=2/9,
3C at 3(a) with x=4/9, y=5/9, =z=1/6.
3(a) : %, 3,5 7,x—»,1/34+2; y—=,%,2/3+2z.

D 2/3P, REBFLIO>THAMICEDShTWb T
LERLTVS. XS CREEFOHRAGEINOELE
BHELMITERTETVWSY, HANESS 5D 7-IKEE
IR Tebh Tuviswy. EHIZz D X 57 NaCl &
DOHBERE LT & » Rib, ~F oY aRILHEUSNDF
WHEETHAREENDE L5 BN S.

6-3 FVIEZED fcc it

BIECET 22 ) 77585042 525 ®Na-
Cl BRILOFER, FROBELOTVWiH, 48
TIRBIECTKRELEET S EBRELILENTED,
FETSIRER X CHAREH D REXSF TCIZSHEL T
Wi, ZhooFBRBEIET 57— 4% Table 8 T
RLTH5.

z=1/3, 3C at 3(a) with x=-2/9, y=2/9,

z=1/6,

Nowotny & KIErrerR™DRHITE n-MoyCe & LTins
NTW5 8ETIHRRS, NaCl BR{bH & EE L -5
b omibinx, NaClBR{(EMTHS LHBEL kD
iz, NaCl #x Y 77 R{biH MoCx DOFFEIBEL T
1EoRRELZ 4 Uz CLouGHERTY 53 Mo,C ¥
I T A MBERERZ LI EALADDOE 1800~
2 500°C OJREET 40~70kb ithifE LT MoCy 24K
Liz. ZOR{IEMBIENZBCTERERCLTCHIRELF
TEL. D% Torta L™ HE»BDANET MoCx
DFEZE»D/. Ruby 502 Y 770 —RERD
SEERAER & HiET LT, MoCx OZELIRE R X UL
HHEZERELL. bhbh™MRREREELESE T
TFERBERRIGERED LI 2T, MG 24K
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Fig. 16. Schematic Frepresentation of a part of the

structure of V¢C;. Large open circles repre-
sent vanadium atoms. Small filled ones re-
present octahedral interstices occupied by
carbon atoms. Small open circles placed at
the center of each structural unit are vacant
octahedral interstices. A complete unit cell
consists of nine such structural units, and
contains 54 vanadium atoms and 45 carbon
atoms. The stacking sequence of the struc-
ture can be expressed as aC[6|A4cB[a|CbA[<|B
««resr, where the capitals 4, B, and C signify
the close packed vanadium layers and the low-
er cases’ a, b, and ¢ designate the carbon
layers.

TESHZE%ERL, BETREFEC I >THREE DM
ErEEL, REFPANEARTEMNEZ S5DTWDHT L
ZEEOLPI L.

NaCl B % > 25 > ik WCx 13, B{RT hep &
{t4y WoC & sh {4 WC L 22T 57D, |
EToREER MoCx OFEDIEHICKIIL 2 EF U,
BRIREE P L DABR R EDHER L2 Th, We 2 HIR
FTHELERTZ LT PRIET™, 20— 2%
REER 0 Bk FETE O FES ZBDLHRTwWiit
FEpOR™. L LEIE SARA™ 35 L8 Rupy &
HOFFMAN®D [T X% & v U A F o —RERO FHEKAER
D, LLXBEBBREBRO MECL 2T, WC OXERIR
B3 X OCHRRSER B S i S, T O RIIRESE
EDOF—4 L rdic Table 8 wHFTE Wiz bhb
nIOWYH MoCx AR L 72 & Rk H, Tisb b#EE

REBELEEZ VAT EREERGIEDZEICX
2T WCx AL, RERTFHAAEKRT SHLEZT
FHANT 5D TWBE Z ERBELIT L.

6-4 IDLBLVHD fec BRILIY

NaCl # 7 v A R{bipiz 2T, EPPRECHT™OX 2 000
°C LI L CHRSEICHIEL, *OHTFELTe=362A ©
HD LG LTS, Broom & GRANT™®I X OHFEET
FELTW5S. TORIDORIEMOFAEIHRE STV
v>. KAUFMAN & CLOUGHERTY™ |3, ZIEEE T TOE
ARG OLEMETZEBNFHRBP ORI, 0
T 40~50 at%C OMHMRBEED F 0 s—KFEFREZ D
T L ERS B EBRT WS, E S NaCl B &
o & RICHSTEETHE, ToBTFERTER CGC ©
Lxa=414A, CrCoer D2 % a=408A BETH
A5 ETHEILTWS.

PinskErR & KAvARING [IgkD7RIER 2 400~480°C
T LREZEZEV, HBHWE 650~750°CTT e F L
LK 2R FAWCERY BV, TFEl e =3815A0
TSI At x Sk Ui 4 5ic X hiE, Z ok
ofRklx Fe & THRFEMT Fig. 17 WRTX57%dD
THY, REFRFRUEATESHMELZSDTWS.
DY HRO 7 ki 1150°C TREFF® 9°2 at% BEE
TBHZERTEEN, rPORERFAECDVWTIL,
7o & x1E Fe-Mn 44&hOREMEIC DWW T DOREFIE
EURMEIC X D EEROR EA 5 LTS, AEKRT EMAE
CHBHIENMBNTWS. ZOREBEFEHE L 78RS
M U$kBEFEIZ D fcc RILH T, RERFOHD
LA AEAET X BIAE Traa < T, MEET S AL
BThHbEWSH ZERAERGEDHDHZLTHS. LIrL
B3 C PivskEr S5O EIXZ D FeilC DOERK
ZRREIL Tz,

s

a2

a,

Fig.17. Schematic representation of the structure of
an-iron carbide, Fe,C. Large open and small
filled circles represent iron and carbon atoms,
respectively. Carbon atoms are located at tet-
rahedral interstices.
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Table 10. Crystallographic data for sh group binary carbides.

Metal lattice Cafbon atom I . Ther-
. Compo- : ' Sys- | § Lattice Space mal
Carbide [sition Lattice Axial .. parame- M . Remarks
- . - Distri- | tem | > group stabil-
(at %C)| Type |parameters| ratio Position| - - B lters :
ution ty
(A) cof @ ;
Impurity
=2-894 . .
(y-MoC — sh ao_ . 0-969 | Prism — — — — —_ | = —_ stabi-
4 ) co=2"809 lized
‘ ay=2"9065 . . a=a, - . Neutron
WC 50 sh —9-8366 0:9761| Prism | Order | Hex. | By | ©_ Pem2| 1 |<2776°Clpowder
‘o= €=t data

Atom positions for WC : origin at §m 2,

LIWat (@), 1C at 1({d).
[
4 —
b,c TN
’ e s
A —
[

a,
Fig. 18. Schematic representation of the structure of
~ sh group carbides. Large open circles rep-
resent metal atoms (4 sites). Both small filled
and open circles represent the center of tri-
gonal prisms formed by six metal atoms (b
.and ¢ sites, respectively). These sites can be
occupied by carbon atoms.

7. Z—TZOHEMARARILHORE

WC TRESI NS BEHIATR{LWZLIT T sh 1L
WEEL. ToshR{bHi: Table 2 THEIEESEE L
CHELEVTF L2270 OR{LIE LTH
ETHZEBRESNTVWS. ZOR{LHOMEIIMC
CHYLTWT, HREEIRWEELLhTWS. ©
D RALI OIS S BT 5 7 — # 13 Table 101z, FF
BiZWiFig. 18It/ R LT dH B, ZONTKELEIIILE
FEFZRL, MEREABICABREETFOLEDS
LREZFRLTWS. EBEFIREERFEEZEAL,
Z DD ¢ BiHFENT AAAA--D X 5 THBEL D, B
MAFRZLLTWS. ZOEBERFROBALEROHR
B, REBERFNED S SMEILS, cO2EEDS.
BIEMCTHL5DC, ERICRREEFIXED 5 568
DEGEEILTWS. b, c WTFRORED, &BETF
6 B30 37V X nohRITHIDOTVWS. RERT
BEELEWT, BT 5EBEFFI»OREHE
WMAFEREEZDE, ¢/a=]1 Th DM, Eiz)x Table
10 DfED X 5T ¢/a<<) 2ixoTWTC, BEEEFR L
5 cEEMOBEDONE VEWT LEFELTWS.

v

1(d) : 173, 2/3, 172, 1(a):0,0,0.

WESTGREN ¢ PHRAGMENSD}Y, WC 1O WIREF-DEF)
BEMAFRTHDZ %, XBEFEZX>THL,
L. REFRFORINCOWTEE, SASREEND
SEEOTAMESE 2 SR, £ 3 BEHEOEER &
EEOMAENRTEL &,

(i) AbAbAbAb-----

(ii) AbAcAbAc------

(iii) AmAfAf
TH5. LLTAAFREBEBRERFOREmE, ILFIX
REBRTORETEEDL, |3 B L0 c ORBEO®
DIBRFBC X2 TARACEDShicdoEELLTY
. CZORFEAEOBEE T HEREOFIAET()
DIEEBE LT EHH LT T 780~8,  FEENe;
Z /. Butormas® k5 X bbb 0FE AT
BRI X BT, () OREIIED bhithork.
E&EE) I7 0 —BILKETERTS C&ic X

b “sacee
¢

A

T, Kvo & Hice?Dpx WC LRIU g% o297 |

FUoRIbE &R L, r-MoC LMEA 7S, CLOUGHERTY

LRI ORILMEBRBETERE L LHBE L. b

Wb ik Kvo & LISIER—BET, —B{tEE2 B
TEY T FUEEREORRETL DI, 2D 7-MoG
IXERTE LDk Ruby 6D X 52 ) 77—
EROFEKEROMETH, ZORILMOHFELRED
TWiL\W. ZOdifbi r-MoC 13, EHEH 5 WITEE
i FOH ZAFFMORARC X o>TRELEhI-HDT
HHHEEXTVE. LORIMMOEREHS X URLE
WHROREMBICOVWTIE, SESSEHALI T ER
ESHETH 5.

8. ZHFROEEREMAERHBEELD
RALY O S
LZTRINETHRNTE 2 hep B{b#, fco R1E
W X O sh LU DO ZTTR{L T, £ BEFOEF)
PREMOBABERTTETLSIDIZDOWTHRRS.
BYHESEELLTHELENF YA, =T, &

— 148 —

by



EBEBRCHOIEAEE 1031

2 VORI, T TR/ hep Rib M.C &
X Ot fee Rt MC oiEsic, $EH MC £ MC @
R AIE T 5 R EFEN 5 R OFES
%‘—gh—c\,\tae)aa)~9o)_ I?Ziﬁjo) Yvon & PARTH]Z:SI)@ﬁ
T X A XERFOWRIC L B &, CRIbMOLER
FORINIFEMOMRAENRTEL &, Table 11 TRy
X 5ic, ABABCACABCBC------® 12 EH 1 FEi & 7>
TWT, WFhOR(EMTHE&BETORIIIR LTS
5. FESIEIRSOREOERKE (-ViC;s, (-Nb,GC,
£-Ta,C3 ThHHELTWD. REBEFORBEIINF U
ARALIOB AL, VERFO 2L BAMRLEZ AER]
WEDTWSS, XIERFEZRAWTWH DI, =
TR B X & 2 VvR(EMO BHETE, RERT
BRI Z LTw5E 5 RELATIRERY. 20
C-RALIT DWW T FAPRAERAIZ o0 X S ihiiE S
57 ERB A% .

Y ITF—RERICE, TR~/ hep R{LWD
Mo,C, fcc B{t4 MoCx, I X8 sh R{t# r-MoC
Sz 2 BRI 9-MogCe & 7'-MoC H{FFE L,
L OEEIIWTNAEBREFO2L 2 REBEEOEALER
LLTEBTSIENTES. ZhbOBEDRREN
5 — &% Table 11 TRLCH5.

7-Mo;Co WIRBHDORRAE D H ABCACB----- TR
PbEIND 6 FBOREET, NoworNy 59| X DCX DFF
TEPHE S, £ D Koval’skil L SEMENOVSKAYA
91 | 750+ 50°C DEETH 100 kg /cm? DJE 2 INZ
T, BEEE 7p-MoC, OB CHEFTHLD T &% A
L7 Rupy S3WDRIERDOIAFIC X D &, p-MogCy
X 1655°C Bl 2500°C OFh&AF TEET, MK
Mo,C & MoCyx Licd 5. ZDR{bimiE 1655°C

Table 11. Crystallographic data

T p-MoyCs—>Mo,C+C (557 7 4 1) 14T
5. bbb EERERL ) T 7 2 EERGS
B THAK L7z MoCx 0%, 58\ VBT C RBAtnEL3
5E p-MogCo B EINB L &, THIKIZDp-MoGy
CRIEFITE L ORBAMAEENTVWAE Z 2 RWE
L7z, TRk p-MogC, 73 fec Rk MoCx & hep ik
1t Mo:C ORAERDRE LD DT HDHENVS T
EPDBATES XS5 BbLs. L L 9-MoyCy Fa
DOREMB T OWTIERAEITabh Tk 57, BLE
REH L TREPVIRIEHEEZEIEL TS 2R E
XD T VR

Kuo & Hice®X y-MoC OfF{EE & T r'-MoCo
FEREE Lz r'-MoC OffAhERLL A4BBAABB--
TR EN, TORICIIEIES T r-MoC izZ{bT %
LE ST 5. CLOUGHERTY 5™, L DFAE R RD
T\ 575 Rupy B3DOKEER O IC ThiE, 7'-MoC
BHiHo € ) 77 —RERICRGFELET, ELHEZHh
P r-MoC EREIL X 5, BBEDDWVITERREOTRH
WIZ LD THEREN AR THS 5 LEX T 5.

9. M,GC BRIELYDIEE

INETAENPL8ECHAZDT, VbW 5L iE
Y% h ORI O E T DOWTIR A5, 9E» S
MEZ TR, VWb 5EMLEESY b ORI ORE
BIZDOWTHRR 5.

MCe BID it & L TlE CreCg & MngCe &
PBHETS. COREMIEOSTEMTH Y, BT
FRIZEBIRT 928, RERTF 1ZEEED, »i a4
HBEFEIIZ LTWE. ZORORILHOIEHzRED
TS HFEL, INb® t HEEHRT 5. Wesr-

for modified group binary carbides.

Sgrrll'\pOSI- Metal lattice Carbon Space Thermal
Carbide range Stackin Lattice [Axial | atom System | group M Istability | Remarks
(at %C) sequencge parameters| ratio | position
(A) o/ ay
ABABCA a=2"'917 ,. . - X-ray single
£-ViCy — | CABCBC.. | co=27-83| 97541 Oct. | Trig. | R3m* | 3| — |08 A8
37-0 to | a=3-013] ,. | 5 |1655 to| p-MoC or
7-MoyCs 39-8 ABCACB co=14-63 4-859] Oct. Hex. |P63/mmc** 2 2 500°C z-MOCx
, . ag=2-932| ,, Oct. & Impurit
{r'-MoC) AABB c0=10-97] 3742 prism | - =1 = | sabilizea

* Atom positions for {-V4Cj : origin at center 3m.

6V at 6(Cy) with z1=0"1265, 6V at 6(cy1) with 2ry=0°291,

6C at 6(c) with z=0417,
3(6): (0,0,05 1/3,2/3,2/3; 2/3,1/3,1/3)+0,0,1/2;
3(a): 0,0,0.
#*  Atom positions for »-Mo3C; : origin at center 3m 1.

3C at 3(a) and 3(4) randomly.
6(c): 0,0,z; 0,0, 7,

2Mo at 2(b), 4Mo at 4(f) with 2=1/12, 2C at both 2(2) and 4 (f) with z=1/3.
4(f):1/3,2/3,2; 2/3, /3, 7;2/3,1/3,1/2+z; 1/3,2/3,1/2—2z, 2(b6):0,0,1/4; 0,0,3/4,

2(a):0,0,0; 0,0,1/2.
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Fig. 19.

Schematic representation of the structure of MpCg type carbides. Large open and small filled
circles represent metal and carbon atoms, respectively. Each cubo-octahedron formed by twelve
metal atoms at 48( %) positions contains a metal atom at the center of the cubo-octahedron
(4(a)positions). The cubo-octahedron is labelled A4 and is placed at the fcc lattice points.
Cubes formed by eight metal atoms at 32(f) positions are labelled B and are placed at the
edge and body centers of the lattice. Eight metal atoms as 8(c) positions are labelled D and are
located at the body centers of 1/8 sublattices. Carbon atoms at 24(e) positions are labelled C
and are located between the cubo-octahedron and the cube. Each carbon atom is surrounded
by eight metal atoms which form a distorted octahedron.

Table 12. Crystalloéraphic data for M3Cg type binary carbides.

Carbide

Lattice
Structure parameter MI Space |Carbon atom| Thermal

Systemk type (A) group |position stability

Remarks

CryCg

. . . X-ray single crystal data
Cubic D8, a=10-638] 4 Fm3m Deca* < 1518°C neutron powder data

Mn,;Cg I Cubic D8, a=10-585 4 Fm3m Deca¥* < 1025°C e

Atom positions for Cr,3C; : origin at center m3m.

48 Cr at 48(4) with x,=0163, 32Cr at 32(f) with x;=0'385, 8Cr at 8(c), 4Cr at 4(a), 24C at 24(¢) with x,=0-275.

48(A): {O,x,x; x,0,x; x,x,0; 0,x,%; %,0,%; x,%,0;
) 0,%,%; £,0,%; £,%,0; 0,%,x; x,0,%; %,x,0;
32¢ f): . . . X x,x; ,X,%; X,2,%; T, X,x; B, X, %; X,x,x,; x,%,%; x,%%;
247y : (00.0: 0.1/2,1/2: 172,0,1/2; 1/2,1/2,00+ D56 G007 0.0,%1 2.0.0: 0,%.05 6,0 %
8(c): 1/4,1/4,1/4; 3/4,3/4,3/4;
4(a): 0,0,0.

GREN®MD 13 CryyCs ) E5EIE 5% P EL, HFEET Wi EEE R V€ CresCe 21K L, WESTGREN
CrilC THBLEXDL NT Wy v s B{LIOMALN, BE X RSO ZLH LT L T 5. CrypCe it
CryCs THD T LEMLENPIT L7z, CropCe ERUES WTOREEICBET 55— 2% Table 12 1z, +0[R
&2 b D MnyCs DFFEEVL, WESTGREN®® 35 I X On- FacH%E Fig. 19 iR 7=

MANYDIZ X DT #i4 X 7. MEINHARDT & KRISEMENTS Fig. 196055 X 5T, CoEEI(IEBLdH 2

— 150 —



~!

' BRLBRHOBGEE 1033

12{f D & BIRF A2 < B0 H/\HEHE 4 E25E L 5T
DT Ex ED, TOSHAEERDL HAEKT EH
EEx, (HNECHDSEOELBETHDL HIFHK
BEDTWS. THAFEEROHLTHS (a)fE% 1 {E
DEBEFHEDTWVT, (a)MEER 5D DHEERFO
BOX AT RN 4 BEE T 5. 0@ BAME
Frhiz et 8 EDEBRF P (OMEBEEZ DT VWD, K
Zh FoeBEFIX, (MHAMBCHD +{EOEERTF
L(NHBI D5 4 Bo&BRETF, 658 EDL&ERT
RO RLTH B (e BEE HEDHTWD.
Z T8 {EDET DL Bk e, 12EORTF D
B FAEEL EORFEME B E LCTRFEINZ
SR U722, CRREEML DD THDT, TDX SRR
FHEED, FFOL5 % d0LLTHHTCHFELTSD
OTRENZ EFWIFETHRV. (AEE & (2)hiiE
2 5D BEBETFI, TRTFAUKE SOMEKRTDH>
T, (MFIE & (2)BiE % 5D 5 &BIRTFH5, (A)FIE E
5L(@AE LD LieBAWICEMLTWBIED» DT,
(BRI & (a)RE & DORITH B WITEfML T3 &
Tz, HMFEie L ¢BETFORTERE Ry L OREIT
¥t a=6Rm DEMEBEK WL ZDHE, (h) frE s
(a) BB L ToL BRFEINE, ZOABEE LHDHTWD
SBEFH2L 5O HmORFEND -8 L ED
el RETHD. Ei(W)REEZ 5DBEEBERF L)
KB EDLEBEFOFET EESBR LTH LT D
LR, (f) B (&) ED/RT X —2F, KDED
x,=0167, x;=0'382, x,=0-275 Litbh, ZOHAEIT
(R)AIBOFETF & (FIREOFET I o3\ i b7,
(e)RrBo+TEMoRE S, (e)MEXAI 8EDE
BETHAEMLTCHWEEEIDHIREL LTS,
GOLDSCHMIDTV Y Moy Ce 1 % SL{SEANTEEL, (©
KRBV EERTF RN ETHE L E, ZoTERMER
ERAE N 2D, (M)BENE(HEEZ 5D DE
Fr oI RELRFEFERZLOETR, Zo(e)MER
EDBLHLDEE LT CrysCe D 7 v 41159 30% £ Tk
TEXEI LN, TRR(OMNED Y » AEEETE
sz LD, (R)REDOY o AEETRESHEZDL
NNV DTHEHELCEHPALAE BT v aPgE
DHAREHEFIEERLD, TV ITFRE T AT
M )RIE % D7 MG THX, (fIRLEE 2D Tix
Q(RYRIBE D EDITTD Y v AFLED, KTEM
X5z LRTREE 7T 1, FesMosCe 3 5 ik Fea WCg
DR D RILMBEREE D EHAL 72

D MpC HEEDZEMITDWVWTIL, FMUHEEED
S EOWHEm ORI X2 CRIERrT VLR LD
729, EVELBET A I/ v Lo A, B0k
D=TEIRALH CreCs, MnpCs ZERLT 525 HWIH
SBICET Ao EZ o ViE, REXVETFES
D 1AWl & CoxAlyBs & 5\ ik NigAlgBs D X

5t R T 5. BEEERT I SO REICAIE
THEBILET B H5kIT FepsCyBylo0 DRARK T 7 MAE
FErikd. tAEROFEREBREELETHS Cr,
Mn, Fe, Co, Ni & T, #ofho&FELHEE M TEK
bL, EEETETHLRE, WHEE X TRDLT &,
ToMoXs & 5T TeoMpXe OHALD = FES X KB
o WThoEsad, MidcoRELTETHL &
BEEZOITWSD. MRS TayMCe @ T, M
I()RER 8, TeoM:Xe OBFAE(e)RE L (a)
B EE H5DTWD. Xhic M OREMSHELT T
M>sXe DML E7 5 E, ()& (c) fEICAD S
nicwsSoMiz, (WfBEE (OB TEZERL
CARBANT ADT WL . T OELED BT, FeaMo:Ce
BIN FeaWolCe DN TF o BIXRE I AT 13,
BEOEDD t HORFENLTETHOTC()FEZLHDT
W EELZLND. I,V R IV vy IVORL
WD ¢ T, STRECTEOFEEZLELL Conbs
BT NigBs O & E UMb FEAE L. &
Nt 2 BT HLRL L THEETEORD
20 EEBECTTEN MONLTWVWAD, TORIEDPNT
13 STADELMAIER DIREDFBIML TWiciZE /o

runkEnDANOERERELIRFELOZITRITOW
T1x RASSAERTS 57%, 274 U RHANCHIZE L TWwS. &
NIZX B L CruCe DO ERELFTED 1350°C
COREE BT % TEOBD2EDXH THS. 15at
9%, Mol0; 12 at9pV1eD; 1 at%Nbiod; 1 at9 Talt®;
4ato,Til); 1atgpH1D, 7= = CTHEHEETNE T L13Cr;xCe
BENEEEELR (b THE 2T, LiTdHF TR
FLb CruC wxtTaEEETELEFF LONLEWVT
LTH5.

SR iCEbILS T AT, 2 0 ARV AVBIEE
LTHETERINTVT, BH MpCs &EIPNDL. T
nHo MyuCe O EDFRBMLBRETIISHE UERRAS
PRTWHEWE S THDH. 20D MuCe O FERILA
— 25 F 4 MAOKTEROFIEIHETH Y, FEFET
BT TR X DT, TV ERIC X KBTS,
Table 13 (i< 2220 MyCe OEFEHIDE BT
TEwniz.

Table 13. Lattice parameters of some ternary M,,Ce
type carbides.

Carbide Lattice parameter A)
FegyC3Bs 10- 59,*

Fey Mo,Cs 10-56

Fegy W2Ce 10° 54

#* ‘Carbon rich boundary

— 151 —



1034 & & @0

#® 57 £ (197]) 6=

10. M,C BIR{EDiEE

T OBOZTTHRILIICIY, $kOREHIRILY FeC o
g3 MngG, CopC, NigC 3fF#E L, Tz T_TRH
WTHs. FesC OBAMFHMFRTHBZ 1L, T T
z 1922 #E1C WESTGREN t PHRAGMEN® AiHifEH D 5
YT EENPSIE L. TO®K, 59 13 RSO
T EE & 0, BUFHES O KHEE 2 BI%E L. Hen-
DRICKSIODVY & DIGEE % i DT FesC rR DR TFRIiE 2 5
Eli ER7ZI4 PRI ~—RTF4 FhOREE
WRFRALE H> &3 LT, B3 6 H0 Fe RFTHENK
AHEORRICAE T BEELIRE L. ol Rt
D12 GARDIN'OD T FHEEHT I X BIFET & D DTS
Nichd, BETRERHUTRELLERNS X5 CELITCHEE
TV 5* WESTGREN!®}Y HENDRICKS DIRZE L 7= /\
BRI, REOASSICHLT/INETELZ 224
L, 6 @D Fe[RFD 2L =27 ) X L DHROAE
3 RERFOREXLIERBETHEZEIL, TD
MEZRERTHED D LE X7 PEER &R
L7z L2 UXBOBSEEH» SRZRTF N THO
RIE % 5TV SLHET ElehDin. & ORERE
DEBAIFE I LiPsoN X PETCHIO X DTl Stz
DIXEHR MO SEESY X T 572D I L EOXE LKA
B3R5 2 5% FVT, 24 KO RO A REAHEET
KD, gROMEERELT DL DL, 7— Y AEH
WU RERLE DS WESTGRENYD DIREL 7DD TH 5 Z
EERBLMT L. XOB KRR Witk #RE
ERPFRAL T, REMEZHELT 2 2 3 Shik
AIDUDUD LrpsoN BHD/8T 2 — X X HEMICHET S
IEEDRRITBT Sl 27z. & Fasiska & JeEFr-
REYUDIEEORERZ BT HcdicerHrz 10 at
%7z (FepqMng)C DBEE RO E T %2, 780 @
BT D RO FABRE A EIE L2k 5D
LB OWT ORTREEZ Table 14 LHIFTH5. ETHR
FECFE Fig. 20 TR L 7.

Fig. 20 R ON5 X5, REEFIX6MED Fe [{
FOOLBEHTY X LD e fELTWC, &5
BRIV XL eBfrE LTEXBLENTES.
M,C BFEEIL Z D& T, (ko MsCe R{LooiEE & 8
TLTW3d. FYX a8 35L, MC Rk
BOZFDXS5KEERTES. Tinbb, #HHD alihic
FEIEEARHE SO LY X ARERZIE LicH 5 a il
FHRPNCEL D RNERTERT B 2D X 57 Y X A7,
U X a1 i E F O3 ERZEITIH LS ¢ dih
FRCEAR DT S, &L LTI HOEEZ 2L %. ©
OEH: c WFET Y X & V@S Z T Tt b s
MICRABERL DT 5. RERFIHIISS I X ai

¥ AASEEXEOFMMANEBEAIRR AL 54 FOBELLT
"HENDRICKS OERMAMIRINTLEY, WIFNLOBESIIET
EINEZRETHS5.

Fig.20. Schematic representation of the structure of
M,C type carbides. The structure is consid-
ered to be built of distorted trigonal prisms
formed by six metal atoms. All the axes of
the prisms lie in the 4 planes. Half the
prisms contain a carbon atom at the center
of each prism.

FIRFICIEEENT, REFEF2EL ) XA HICK
L0, £k LTIRESGOS ) X LABREBEFTEDD
HCTnb.

AR A4 b EMEENS0-FeaC 23, BELSE 7z b T
HBZEFILHENT VS, MngCliZsERBE(LY
THO, MC B A%, Mn;C—FeyC—>CogC—sNizCod
IBie A ZET R 2T WL . CosC DIFFEITIE UDMEYER
DL X OTHE S, TOHbhbh i3kEa 0 b
BERTH AT A TERELT CosC &R T 52 L THKIHL,
DIV b RALTEE 2 E TR BT L 72,
KonLHAAs & MEYERUS = o & LBy 260°C ioin
FhUpfbsk3eC 200he R LT, 22 4 p LFE UK
whE DD NBC ZEKR LI EHME LTS, I
FEHZES LT Wi, 20 NigC 3BT 420°C
5 500°C OEORECHET D E, = vV ERE
ERHRTHERESINTWS.

LFRBDTFRERDIBEFE P 5B T, 4 &2 4 hthDEk
BIOLDHEVIEC T EERTHE, ®A 24
BEELTBHEEZONS. A %4 bhOgkRE4
HPOEETRLIOTCEDBEBERIND 50154
MBS T HEAPEEDO—>TH 5. ZDBHIC LOT
BEPAPDOE 2 24 VOBRFER LT TSRO
TfELLS. ZZTREETLEN 224 FOWFE
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Table 14. Crystallographic data for M;C type binary carbides.

Lattice

Structure parameters | M

Carbide type Y

System

Space
group

Thermal
stability

Carbon atom

A Remarks
position

080

Mn,C Ortho. | DOy

I

- 530

772 4 Pnma

Prism

950 to 1050°C —

0896
- 7443 4
5248

|

FeyC Ortho. DOy,

Pnma

X-ray single

<350°G crystal data

Prism

033
731 4

COaC Ortho. DO,_I
-483

S RO R >R
OGO O O O e

[

Pnma

Prism

<480°C —

Atom positions for Fe3C: origin at T.

8 Fe at8 (d) with x=0"1816, y=0'10666, z=0°3374, 4 Fe at 4(¢) with x=0"0367, £=08402,

4 C at 4(c) with x=0'877, z=0"444.

8(d): 57,2 1/2+x,1/2-9,1/2—2; Z,1/2+2,7; Y2—x7,1/2+2 £5,%; 1/2-x1/2+,1/2+2;

%,1/2—=p,2; 1/24%, 3,1/2—-%

4(c): x4z %,3/4,7: 1/2—x, 3/4,1/24%; 1/2+4x,1/4,1/2—2.

Table 15. Variation in lattice parameters of some
iron-manganese carbides with M;C type

structure.

Carbide Lattice parameters (A)
composition B b .
Fe,C 5-0896 6-7443 4-5248
Fey ;Mn,.,C 5059, 6746, 4-507,
F€2_4MD0'60 5'0624 67505 4'5]17
FCLBMDLZC 50734 6757, 4- 5204
Fe; oMn, sC 5:084, 67634 4-528,
Mn,C 5-080 6772 4-530

ik LIFTHE TonT, W 2r0HEdiF Tk
<. Ducein BUDE FeyC-MngC =5t Riz DWW
2L, FeoC & MnC Lz &EEBEKE 2L DT &R
L, #OBFEROMMIC X 5 ZLallELE. HHD
B84 Table 15 iR Lc. $HEAL 2 S 3 HE 5
OWEFERD > 5 b ITHROZELIEH U TS EEBRANC
T 5P, a & ¢ LIIHALDS Feg.sMng,C 731 THE/N

FRTZETHS. x4 4 bhoDghkEy s o ATER
T 5 EEFERIIEEMMT AU, D EE S v ARTR
% AHBCEHRT 5D TIERL, 2 o nid Table 14
WRLize 224 MEEDHO 8(d)SEICADTER
B 4(e) RIBRABIERI VEWI & PHE ShTtw
5. vx A4 NRORESPHET 50wty T TEH
TN OB FEHOLE{LIZ Fasiska & JEFFREY!UD
X OoTHEShTWT, MRoEimcohT a3k
TEM, b liXESTS.

11. M,C; BR{LHDOEE

RO ToR{bicix CrCy, Mn;G;, Fe, Gy H33F
ET5 chLOR{tIco2W TS RAETLE ORI
EREEICET 5 7 — 2 % Table 16 whiF. Zh b3
SORILWAFFRTHD, TRTCRAETHELEELS
NTWwab. ZOREOR{LORTFES) % Fig. 21 (¢ )ITR
Lz 2 ORDRFELFvE AroNssONMUDZS, Bk 2 AV
THREL /- R.U-:_Ba OERZD LT, M;C;&RuBy
L OREEDFELENSHE LD DT, RERFAEIC

Table 16. Crystallographic data for M;C; type binary carbides.

- Lattice
. . S Carb t Th 1
Carbide | System | Structure type parar};r:;:ters M| gfoaxf; e c?sritic(); atom Th te)fhrrz; Remarks
Cr;C Ortho Closely related z i‘;g%g 4 Pnma Prism- 1780°C X-ray single
T3 ‘| to Ru;Bs . ;12_1 49 (m.p.) crystal data
a=4546 | R
Mn;C; | Ortho. ?10§1yBrclated b =6-959 4 Pnma Prism |1 %20 C) —
0 RiiBs ¢ =11-979 m.p.
a=4540 . [
Fe,C,y Ortho. ?.lo}s{e lyBrelated b =6-879 4 Pnma Prism Metastable —
0 T ¢ =11-942 :
a=7467 -
Ru;B; | Hex. D10, c=4-713 2 | P 6;me Prism _ X-ray single
¢/a=0°6311 | crystal data

Atom positions for Ru;B3 : origin at 63 (3m).

6 Ru at 6 (¢c1) with x=0"4563, z=0"318; 6 Ru at 6{cry) wit:h x=0"121g, z=0-000; 2Ru at 2(b) with z=0-818;

6B at 6(c) with x=0"18;, z=0"58¢.

6(c):ix,Zz;%,2%,22%,%,2 %,2,1/242; %, 2%,1/2+2,2x,2,1/2+2;

2(b):1/3,2/3,2; 2/3,1/3,1/2+2.
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Fig.21. Basal plane projection of M,C; type carbides. (a) Structure of Ru,By. The octahedra (4 type)
formed by six metal atoms represented by large circles are located at the corner of the unit
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cell. The tetrahedra mutually in the opposite orientation with respect to ¢, axis are located at
the centers of the prisms formed by the six octahedra. Non-metal atoms represented by small
circles are placed between the octahedra and the tetrahedra. Each is surrounded by six metal

atoms forming a bistorted trigonal prism.

(b) Structure of Cr,C3; proposed by Westgren in

1935. One-fourth of the A type octahedra rotate around ¢, axis by 180° to make the B type
octahedra. The cell edge length becomes twice of the structure of Ru;B; type. Recent investi-
gation by Fruchart et al. casts a doubt on the validity of the interpretation of the data

from which Westgren derived the structure of Cr,C;. See text.

(c) Structure of M,C; type

carbides. Half of the A type octahedra rotate around ¢, axis by 180° to become the B type
octahedra. The cell length becomes twice of the structure of Ru;B; type, but this unit cell
can be reduced to orthorhombic with the lattice dimension of a=¢;, b=gaq, and c=1/3 g, as

shown by the full lines.

DT ESTWENBLETHD LEXL LS.

Ru;B; 1IAHEHTH2C, Fig.21(a) itz GRFE
B2 AR FROERICZRELTRLTVWS. ZOfETHR
Kh ACR L7z 6 8D Ru [RF030 < 5/\HKRD ARG
DOMOWFAZ 5D, 41D RuREFH32>< % MHEHE 2
@75, AOAEEN 2L ST ) X aohfofiEs® ET
WEEILEDTWSE. WERRTFIEAEK L UEE L &5
SOTFTAREZAT ) X ropRfhii%E EDTW5S.

Cr,Cy DFEENT, 132 U B &% Vv T WESTGREN!ZD
k> TFEEN. ZOMFATHE CrG ==Fm
THdHEL, RuBy LRIFEOAL G O%F EEE a0,
co T35 E, CrCy QEMNBEFOREIIL a=2ay, =
¢ TdH5HEHE L. Fig. 21 (b) wWiRKoHE L7
Cr,C; OFEFEFZR L7 Fig.21(a) & (b)) D tiEs»
5, Ru;B; & WESTGREN D5 % 7-Cr,Cy & D% % D ¥E{LL
MENRFELRENDETH S S. HF Frucaart & RouauLT
120px, 1800°C TR U= Bl 2 X mElrsk T
L, EHRBESORETEEZ &0 X Bk S T dH
DT, ZFHTREWT EEZHLIC L. HHOBR
12 Cr;Cs 2% Fig. 21 (¢ ) iz77 L7z Mn;C; ® Fe,C; LR
Th5HEThESPETE S SO BRI, Fig. 21(c)
WRTAEMEZ D 2EE0E» T, SR el L
T 60° 35 X UM 20°[]fE L 7o H AL DRI & & A DT,
BOMESTRZ» D HH50BVWEtiizo 3o
OIEB OB BEE DT Wb aThE &
b, Zhiest LT WestGreN DERHNIZ D 3
DOTEEDOEIBNE L >0 icdiT, LB T=
FRTHED WS ERBPELNI-DDEEZILNS.

Mn;C;3120 L Fe,C3!200%, Wi K X #R B2 THF
RENTWVWD. INSORTFEINIE RuBy Z2AUICHE
25E, 2BETOOL SAEGEDES I ARE» BB
PrE I ElfE LTWT, $imiERFs s b BiETFoX
& X%, WESTGREN DBz %7z Cr;Cy DIF-HTL T
ERICESBREDLLERMED &, a=c, b=ay, c=1"3
ay LB, oS RwB; HiSOEKTFLELON
5. BRERFIX RuBy mofiFEELFRLCOTAL I X
LDHRE EDTVWDE EFEZLRTWVS.

CrCs 5 X Mn,Coid, KERRKILWTH Y, TOF
TER R L P HE bR T Wiz, —F, FerCa 13, 13 L

% EcksTrROM & ADCOCK!29IZ Y 2T bk ES R o filt
LRV Igkhic RSk, EHiz okt
F o U —REM 2501£3°CTH D T &, FiofEMmEEX
PEREM BN T W gRIR{EM & BixDTwvwT, 600°C T30
minhn#Eh§ % L 55400 0-FeyC WZEb 3 2 LR LT
L7z - % D% Koun & EckARTIEDC X 0T, Z D R{bAs
S$ERFOBHFECHAVE, BEBETTOFAVYELF
BEOEVORGERTHCFET S EBRRNEZHh
7o ZOBRLMIP R VAKELDIDTHDHEEXLN
Tk, BEETOLTAERENLSIE /o & 218z
BRT5 X5 RFETIEERINT W, HErssTEIN
& SnyMaANZ®X, = D RE{L O XK FEHCr,C; =2
Mn,C; OFNEERLTWAZ &5, ZoR{bHix
KA FeCy TRENS RuBy LRIEDCHEEZDH DT
L&A ST Uiz. 741 FRUCHART 51297 HERBSTEIN
L Snyman BFHTET, RHMIC LD THHS &
LCWieHmw EEREE, FeCy 5 Mn.Cy LR UEET
H5ETHIEHHETESL Z 2R LE.

Cr fAdhiciriR{b & LTHPILS CrC; @ Cr [’
Fik Fe[fFT 50% BELTERINTVWALEASD
BT ERHMBLNTWSED, TRBkEMRAPIC CrCy L[FE
oD Fe:Cy AT &3 vEEZLNTWS.

12. M;C, R{bDiEE

T ZOBOZITRIEMITIE MngCy & FesCo L 3L
T 5. FesCold iR 6 X OREENEMDOAITH D X -
BRALMD Z L THD. Z Okt © fF4Evk 1934 40
Hice®iz X2 TEESh, T OfEE Jack™iZ X2
THIR S8, RS ERLITR > CIRE S .
M;C; O ESI ST, Table 17 iR+ X 9 0 2ef
BEIX C2/c T, FABMLALCIIBAHFhic Fe 72018
RFERTF 6 E% &1

Mn,Co BERELRILMTHD. ORI 05T
EHETFEE LT Kuo & PErssONUD T k2T EH5 26
7225, 5 OrMand 237 . o - = B{bmic o

TR Lok Sl i, MnsCe. o0 XIS R T B oD K4

HERHHTELWZ L EBHEL 7. £ D% STENBERG
103 PdsB, BHBmROBERITEZTRV, HORELX
PdiBy; DffEnbF vy ak v T, WEERE

— 155 —



1038

& & 0 w57

# (1971) m6 =

Table 17. Crystallographic data for M;C, type binary carbides.

i | i [ Lattice V ' | Carbon atom Thermal
Cardide : System : Structure type ! parameters (A) | M | Space group position Stability
— - = —- 3 - - X |

’ . a=11'66

Mn,C, ' Monocl. Pd,B, | b=dors 4 C2/c Prism <1050°C
| " p=97-75° } |
| | a=11:562 | 4

FesCy ‘ Monocl. Pd,B, " bodonay 4 C2/c  Prism < ~500°C
[ | B=97-74°

Atom positions for Fes;C; : origin at T on glide plane .
8Fe at B (f1) with x=0'0957, y=0-0879, z=0°4184,
4Fe at4 (¢)  with y=0-5732,
8(Sf):

(0,0,0; 1/2,1/2,0)+
4(e):

0, »,1/4;0,7,3/4.

8Fe at8 ( f11) with x=0"2147, y=0°5837, 2=0"3060,
8C at8(f)
x, 3,8 XY, 2 X, 9,1/2—2; x,5,1/2+2;

with x=0-115, y=0'303,:=0-084.

Fig.22. Projection on the (010) plane of the structure of M;C, type carbides. The structure is considered
to be built of distorted trigonal prisms formed by six metal atoms. All the axes of the prisms
lie in the (001) planes. Half the prisms contain a carbon atom at the center of each prism.

TEH LA Mn,Cy, %252, ZoRi%i: Mn,C,
X ARFEORMNMEX 5 E{HPTELZ LR
7z.

FesCo RAREZE L RILY T, EZErh € 500°C iz mzh4
5L 6-FesC L7507 74 bTHBT 5. CoR{bEx
Hicc DRI, Bmibd 5\ i L-R{bmic & LT
TV b. JAack!iE & D RILH O FesoCo 12 FHY
THEILEEPALPIIL, XEHKRFEDBREOAIE X
MFRERALHEZ XTSI TELLWMELL
23, BIHEE BFEAERICOWVWTOZDHREFTIEYITHD
T ERRRBDTWS. SENATEURS 1303 MnCh & D iEHE
b, FesC WL THBROBRFER*5 27, &5
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I SENATEUR & FRUCHARTSD: Pd;B, L g5,
Fe;Cp A3 PdiB: LR UGS TH D ET5 L, X8
REEDRIIEE 255 % {HPTEB 2 L% KLz

Duccin & HorerD 3, SENATEUR 5 D Big B oD BEATEE
TT, OO KRFEDIEKSITNTE S L &#FERL
72 E72 JAcRE WiLp'3D)3 SENATEUR 5 & I3IHN 1T,

WRGT EOFATEEE D & [RTF-RIE % tREE L T, SENATEUR
5 EMEREFFEREB TV 5. DuceN 51003 stk F-4845
RETEERETFREL JAck HBDDE 273 D # BT,
KERFAEEZREL TS, DEOXS5LTELN
TR DEHGEDD 2 ERIEED T ~ 2 % Table 17 1R
L7z, %72 MG, mRTEFI% Fig.22 IRLA. 20
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TR RIRT I MC MRS D4 2 FIRRIC, 618
DEBRFOOLB5Z/ATY X AOIRIERRICARE LT
W5, 2ROBEBERIOFV X arENSLLTELBL
ENRTES. B RO c ITEFTLinE b o7 Y X
AREmEIE LAAED el 1 Flic#ic b, Zo
kX5 FPY) X aB, FYX a0l {HiflsE OB ERE
Bl X GLads, bihhmRcHisd
FonTaetke LT 1 omEE 2L 5. MCRIFEETIX

COEMN Y XA VAFEITHAC, aibbRCHAE
DT V525, M;Cy BIEGETIXIZ D X 575 2 DOEDS,
afh FEDBEEE L CHERLTWT, Zoxtici>
2 WEE oI b WA MIT Y X A VESFZTTH
T, DEDOZW afFMIcFEAEAELD2TWES. Z TR
FEFIIEIDS P A rohicFBCEEENRT, &
FRFEEL Y X LARRECENL, £FE LTI
GDF) X LBREBFFTHD LN T WS,

Fe;Co (3gk% 350°C AT IR TER LA D13, '~
Fe:N % 450°C TR 5K CARKT 52 L BT
X5. ¥7z e-Fep3C % 380°C ol biThnEnd 2 &, 20
RAc#ix FesCe LT 289, z o x-FesCo Rt
DR LABCEbNELEPITDOWTEE, WEX
WEHRPRENT VB 3, L DIF{EL L FRICTE
HEINB T ENEENTWVWS. ZOHEITDOWT Jack B
By FesC, & FeyC AN S, BWIROLEX

Fe;Cy & FeyC X idfBic il c &t T, %
Buvwi-F#ET 3 Fe,C OFEMNELIBEEINTWAE
BEZOhEVWEWS BRBEZRITVS. S

13. M,C, BIR{LYDOHEE

COMDTERALIVE CrCe 7 ThD. & OFks:
#3612 HeLsom & WESTGRENISD S BiLh &% FUVTHF
% T8\, 7o bkREOR FE 2R EL 72
MEINHARDT & KRISEMENT!® 3Rtk % v /-
FHEEAET CrC, MORBMEBEZMA L. HFHIX
ISEIGEE DI IC B T=2T, 2 v ADALE Y HELLBOM
LOEERV, KERFMEORMBLERITR 27/ Bl
RunpGQIsT & RuUNNsjo1913 & o R D B ik &L D X
T X BREERIT 21T/ 27 O EEE AV CilE
L7z 485 O3S e R O K HBAE» &, RFAED /T
2 —2FPEL. ELHORLERBECHTLHT —4F
» FEFHEF)% Table 18 » Fig. 23 R L7 '

ORI OFESRRIEFSFGT Fig. 23 WiRoh S &
51, RERTFI6{@D Cr[RFDoL =2A7) Xk
DEBEFRTAELTWS. RKTFEIIZCOS ) X a2
BMA L LTEXDZENTES. b F etz >
<Y X LVE, b HECIESWICEDEEL TR DT
S5NTWT Y ZLFEDLDTWS. DT Y X LT
BRAECERL B0 LY X R EREFRFLT, Y

Table 18. Crystallographic data for CryCs.

. Structure | Lattice | Garbon atom : .
Carbide | System type parameters (A) M | Space group position Melting point Remarks
a =5"5329 Xerav singl
~ . : y single
CryC; | Ortho. D5y, lzi%lBi?(l)g 4 Pnma Prism 1 820°C crystal data

Atom positions : origin at 1.

4Cr at 4(ct) with x=0°01632, 2=0"40165, 4 Cr at4 (¢rr) with x=0"18079, z=0"77351,
4Cr at 4 (cr11) with x=0-86913, z=0"93131, 4C at4 (c;) with x=00993, 2=0"2061,

4C at 4(c2) with x=0°2404, £=0-9531.

4(ec):x /4,2, %, 3/4,7;1/2—x,3/4,1/2+42; 1/2+x,1/4,1/2—2.

Fig. 23.

Schematic representation of the structure of CryC,. The structure is considered to be built of

distorted trigonal prisms formed by six chromium atoms. The axes of one-third of the prisms
are parallel to [010] direction, whereas two-thirds have the axes within the (010) planes. Each:

prism contains a carbon atom at its center.
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A LDEMZ+ ¢ FW), — ¢ FRNCAHEIZANT T, ol
FNEE 2T I 2O 2L 5. ZOmH (a/4, 0,
¢/2) KiIFFABELA-HmEoMZ, bERCHEZ DL b
BhEENE S DT WS 230 7 ) X AFIBREE DT
W ZDXSRTY) X hEFERBRAE LTS YE X
BT ENTEDEIZ, MC Fie M;Cy, R XofhE &
PLNTW 5D, 7Y X LOMERB—FEHANZTITRL,
FIFREL 3 FRDOTY X adbdbsr LBIEHrORE L
B 5ETH5.

14. ZQIEMO=-TRILPOBE

141 T HU-REFOBRLHOBE

2 H RO 5 B MngCs, MngC, Mn:C,,
Mn,Cy; 2OWTCIIT Tk, = Ho-REFRITIR
ZDEDPIT, WL 2PDORICHDTFEPRE S LTS
H, = U H U -REFROREBRBZ TSRS T VWi
HIT, TNHORILMBP BN ED X3 BRI H S
DPVEALLTIRZV. DTRZNETHEI N, <=
CH R RFIET .

Kuo & PeErssoNUDWIHHRLHS Mn,Co Tdh 3 B{bimHs
FTFET D LME LM, oz oliiiEiconai
(A BT Vinv. £D7% PicoNn & FrLAcCHAUTHO14D)
WRABEO- T R{bm MnC, MngC,, MngCy
(rhom.), MneCy(tri) 2H L < B L. Zhbok
b OFERTR, BT EEKE Table 19 12hiFr~. 2T
MngC; AL MOBEREHTH DT, X2 4 hEF

LTHDREEO MnC L1385, HOHREHED

MngCs 5% Kvo LDHEL MnC; THAHS %%
7.

BoucHAUD & FRUGHARTHDUDLT Kuo 5D\ Mn,C,
DERERBTAFED MniCy %187, &F Du-
GGINUD W= A% 10% §TEfali~ PH -k
AL ERE LT, EFGD MngeFey,),C, AEmMD
(Mng.oFeo1)eCe DIFEZTEZ L7, %7z Ducemidjy
Mn;Co ZD2WTIE Mn;;Co & Mn,C LOBRESWTH
A EHELTWS. Ui LTable 19ThHH»5 X 51T,
2 H BT 10% Bl L RILHOBRFERIZ <

Table 19. Lattice parameters of some manganese and
manganese-rion carbides,

Lattice parameters (A)
Carbide System
a ¢ c/a
Mn,C Tet 766 10-57 1-38
(Mny.gFeq. ) .C : 6-772 9-427 1-387
MnC He 548 | 671 | 122
(Mng.oFeq.1)Ce X1 577 | 698 | 1-21

MngC, Trig. | 13:90 [ 455 | 0327
MngCy Tricl. | 11-06%
MnsCs 7-492 | 12:070 | 1-611

Hex. | 7.471 | 12-044 | 1-612

(Mny.gFeq. ) 15C4

* Other lattice parameters have not been reported.

Hgeozne b YRELO>TWT, v Hr - &
BithE <o HoREMEBPRLSDTH S L5 Du-
GGIN DRIRDOIENMECIT, ¥ ZESBINTVWS XD
wBEbhs.

14-2 wsca Rt

DoLrorr & SArRAVZ W,C, e d o4 ¥
FURIEWOFRERZIRE L. O ZORIEHOR
Wl WsSiy LRIETHA S LR L7z, T DHESArRA
WL AT - REFROFAHIRAER % REEICATZE L,
ORI MRT T 6-3 Tl DS HE 22 2 R
Frmit WCr THHZ E2HLMTL, WGy R{L
WMOFEZBE L. BETIE WiSi; LRED WG
BALRIHEIE LW EEL bR TW5.

15. 7-BKRU 7.-BREYHOREE
LIELIE MeC 3 XU MpC &R N 5 RILMIL,
- L BHENDG . ZORIEMIRLICELRDES
SREILEMTERENS. oEoR{EDZ, BUD
WESTGREN & PHRAGMENMDZ 1D T Fe,W,C DfEAL %
Lomibin e LT GEERS CRWE shiz. ok
WESTGRENUX & DRI OIS A RE Lic. B

Table 20. Crystallographic data for a representative 3,-carbide, Fe;W;C.

. Structure Lattice Carbon atom
Carbide System type parameter () M Space group position
FesW,C Cubic E9, a=11-06 16 Fd3m Oct. [WC]

Atom positions : origin at Z3m from center 3Im by 1/8,1/8, /8.

48W at 48( f) with x=0°195, 32Fe at 32(¢) with x=0"825, 16Fe at 16(d), 16C at 16(c).
x,0,0; £,0,0; 1/4+x,1/4,1/4; 1/4—x,1/4,1/4;

48(F) : {0,::,0; 0,%,0: 174, Lfd+x, L/4s 1/4,1/4—x, 174;
0,0,x; 0,0,%; 1/4,1/4,1/4+x; 1/4,1/4,1/4—x;

32(e): (0,0,0; 0,1/2,1/2; 1/2,0,1/2; 1/2,1/2,0)-!-{

*x,x x,%,%; X,x,%; X,%,x;
1/4—x, 1/4—x,1/4d—x; 1/4—x,1/4+x,1/4+x; 1/44x,1/4—x, 1/4+x;
1/4+x,1/44+x,1/4—x;

16(d ) : 5/8,5/8,5/8; 5/8,7/8,7/8; 7/8,5/8,7/8; 7/8,7/8,5/8;
16(C¢): 1/8,1/8,1/8; 1/8,3/8,3/8; 3/8,1/8,3/8; 3/8,3/8,1/8.

— 158 —



|
%)

l)\

BB LBERILDMOEMIEE 1041

Ti \% G&M\n Fe Co Ni
Pt A P p 100001 0000 0000
/ O’/%/
d|
Zr  o—TWb o —Fo o
O
By
H¥ Ta g%
. o

Fig.24. Combination of transition metal elements in the periodic table, where ternary y;-carbides
formation takes place. Elements placed at the right hand side of a combination are designated
as TI, while those at the left hand side as TIL

Table 21. Lattice parameters of some 7,-type carbides, TI_, T3 ,C.

. Lattice . Lattice . Lattice
Carbide parameter (A) Carbide parameter (A) Carbide parameter A)
NiyW,C 1117 Zn,Ti,Cx 11-554 CuAl;Ta,C 11-62
Ning4C 11-62 Zn2Zr4Cx 12- 160 NigAlTaac 11- 4’9
NigNbyC 11-698 Zn,Hf ,Cx 12-04, CoAl,Ta;C 11-56
Ni2T2.4C ]. 1 N 61 Zﬂsz4Cx l 1 * 74’6 . FCAlgTaac 1 1 * 57
Co,W,C 11-21, ZnAl,Ta,C 11-63 MnAl,Ta,C 11-61
CO3W3C 11-01 CFA12T33C 11- 60
Co,W.C 11-03 (Cr, Cu)3TazC 11-52 VAl Ta,C 11-67
Co,Nb,C 11:63 (Cr, Ni)3 TazC 11-35 Ni,AINb;C 1155
CogNbC 11-633 (Cr, Co);3TaC 11-40 | FeAlNb;C . 11-63
Co,Ta,C 11-59 (Cr, Fe)3TazC 11-40 MnALNb,C 11:69
CoyTaC 11618 (V, Ni)yTa;C 11-56 CrAl,Nbg,C 1171
Fe,W3C 11-06 (V, Co)yTasC 11-56 VALNDb;C 1177
Fe,W,C 11-01 (V, Fe)yTa,C 11-54

- FegV,G 10-877 (V, Ni)gNb;G 11-50
FCSZr;;C 11:90
Mn;W,;C 11°13
Mn;MozC 11-13
Cr3Nb3C l l * 4‘9
V3ZryC 12-12
Os;Zr,C 12-41
5z #5382 Table 20 L& F 7. ZOFEPABHIKE HDTH5.

WTIELWHDTH BT LY, TOHBOMFTIC L D>THE
PHLATWS. ,

=50 - ik Table 21 WdhiF Th 5L
Ni, Co, Fe, Mn, Cr, V, Os 7c&'& W, Mo, Ta,
Nb, Zr, Hf s KL OBtk I 5. Z 2 TRAETED
—pEoxEsr T, #EFE0bpE TH THRbTZ LT
%. Kuolyx 7,-R{biid Fig. 24 ¥ X 51T, A
gk T TH L3S WiHABROMEICDHD EE
TR S T R LE. ARBE p-RILWAE
EiLs TIETH X Oficiz, p-F{ib EECHRTH
UHgEx b OoREYE IRV EEMLEBEREIND
iy, Thbb p-RIEmTRESRS B9 TE
bIN LS, RE, EF BELLOBRARTHEITL
STRELENT, STEROBABLEMCHEDNS

p-Bth oS BEFEOETFHIC 2T, Kuot
i TITECH e TITIC ok 7.- R, Ts

TUC %y & A7 KisLyakovasopr TiTIC

DHEE DD Co.W,C BFEL, ZOFENTTC
DA D Fe;W,C i LB TH 522 & 2L
Lic. 2oz ki o KiESLINGSD T X 2T HiED
» 5. 5iF FRARER )} STADELMAIERYDY Fe-Mo-
C, Co-Mo-C, Ni-Mo-C o> 3 D =I05% O FHGIREE
Ko 1000°C CoOREZMAEL T, T 5D=ZTHR TR,
TL3TY,C 25 TETEC OMREHIC b2 Ty- Rk
Wi, B—FEE LCHAET 52 L 2B S L. Table

22 iR Th oD p-RILBOERKIT & 7 5 HBFEHD
Z{bE R L. '
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Table 22, Variation in lattice parameters of mol-
ybdenum-iron, molybdenum-cobalt and
molybdenum-nickel ;-carbides with com-

position.

Carbide composition Lattice parameter (A); a
Fes.2N03-00 11-098
Fea.lMOB.IC 11-122
Fey.oMoy.oC 11-140
003.3M02.90 . 11-058
003.1M03.00 11102
C02.9M03.30 11-132
COg.sMOa.GC 11185
Co;.,Mo;.,C 11-214

. COQ.IMO4.00 11:244
Ni4.0M03.3C 11-161
Nia.sMOs.ﬁc ll ) 14'1
Nia.5M03.20 11-143
Nig.sMOs.ac ! 11-188
Ni1.9M03.4G e 11'216
N1,.sMo;.;C 11-255

B—MZMRIC X 2T Kvo 2MRIE L 72 X 5 Ic - L
W, ne-RILMERFNT B E43, T OBEBRB 0 &
ZE2bN5DT, ZITRIOWE T T 2-Ritd
LPEZ T B poR{tmomEE T . Ti,C
CEEEDLTZENTE, T & TU 2RI NLY
KIBCELT 39, RERFOLERTF T 5
iF 1/6 T—ETHS.FL E % b oL TIL,
PR TI & TH L DS —ECRBAFTH ZBEETF
DEBEFTHT DHMBEILLD, -k &ixdix
DEFERTT 5.

PRI OEESHEE LD WT D F— 41k Table 20
CHT . Thbb p-RIWISHFRTHOT, Bt
BFHic 9% fHoLBRFL 16 BOREEFEEH,
E9; & LT G, OB ORETES% Fig.25 ©
Rl CORTATRLI(SKEED 6 BOET»L
75 B/\THHERDS, BT DM & T OALE, 35 X OB T
2 1/8 1258 Lz 8 EDI D 5 b 4 AR ORIE %
ST, ANEERBEASEF 4 ¥ £ FIGEOERRE LTV
5. —HBTHRLE(e)ED 4 BOFET» 55 NUE
i, A FOELOBLALE & O E, X 01/8
CHE L8 ADIFRDOE D D ¢ {EOELAE Y &
TWC, WHEERMDE L1 YT FIESEOERST% L
TW5. ZOEPRK2OOWEEEEEELSIED (d) AR
R ERBEFREDTVS. REFEFIZ2 00 AMHEELE
& 16 HD (e MEEZ HDHTWT, ZORBIE6 FHDS
BERFOO 20FARANTEREROHRITL>TWS. &
DR FERE VL Bojarski & LECIEJEWICZISD (T X 0T thid:
FREFEZAVTHE»D LTS, FeW,C oL
iw TiTYC OMRDBE T, AEEEZDL 5 ()i
Bz T FFT, WEEE DL 5 () £IiE & Wik

RBE(ORER T BT chnbh, REFEFRREL
AN 2358 < BOE AT % 507 T CEBZ»Z 5h
T3, m&¢'ﬂ3TBC LixoT TITIC po§
haé, () Lz 5T T 28 T i RHANS
BE#b D, RKERTFORE XL TG L 85750
TL Sy 5z
TIC kb (d)RED T MTHCE Sz 55
LY, ZoLERRERFORABITT<T TH T
EmDLNEZ LItk B0ir TITIC oifs bbb
V. Table 2HZIXWV AW A7 9-RALDBH T H 525,
ZOPITIMEIREBSETE L T2 &, TIMTIC ©
Ebsh bWkt nd 5. Zofax T X (f)
frfid, T2 (d)AiB%, Mik (e ) RBR SR D 5D
TVHEZEZLRTWS . —RIC n-RILMIERSET
FRCHR SN S ETR{LITH 545, Cu, Zn, Al i

EREL 9-RILMDIEFETE. ho OEEBSEET
R p-RIMERENT HEEE O2TWBEEE 25
5.

KisLYakovAlR®D 43 a oV h-% v 2T -REFRS
WFL T, Co:WiC DiFdriz, CosWeC DR D B
ZRWIEL, Th® p-CogWeC LA, UMANSKID
& CHEBOTAREVIS®T FegW,C L5 DI L 72 FegWoC
% Hn 72 L7z, LECIEJEWICZISON & i % rh it F-f5[a]
PETHR L, £BRET O FaW,C ERLTH S
725, REBRFAEEZOTARATBERLTH S () AE
TR, (HINEOWRTFHBDL ZEATERD LT
HBH(a)ECHB L LEPLIT Lic. BT hic
(a)RIE I 8{EBFEL, ZoBKE(c)MED 16 Eopy
DRHIY, TOBEOEBHRZEBETFI2ZICH LT
RFERTF1THB. FegW,C @fkasﬁfl_k"?‘!‘_co)T"‘
# % Table 23 [Tb /.

FRAKER & STADELMAIERISD) |1 y,- (LI DT D
HTHR 3D 3R 2PWTDOIFE T, Co-Mo-C
& Ni-Mo-C »2-o0%icit FesWeC LD Cos
MosC 35 X O NigMosC DR D RILWHBEEL, 2
1 BIE 91-Coz—4Moy—3C 5 X U8 91-Nig—Moy—,C & ik
FORILIBERLTWBEZ EEMALAILE. - 22T
T DR %, CogWeC % B 72 L7~ KISLYAKOVAIS®
DIFFFC LB 2T e R{LW*EELE L1t T 5.
FTCRBRI2 XS, R E pe-BAL & DE V>
i, BLIEREFRFH - RICD T )RESR DT
WBB, n-RIEMTIE (e) MBEZ 5D TVWBr Lic
DTW5.

FrAKER 512 OIfZE L7z Nip-Moy_.C 11, BEEEF
BEEEREFO /6L EETh MR TERINE. o
T EPH 9-Nig_sMoy-oC hOREFETIZ(c)BED

* ?r;cm#:ffaﬁw:é: 31T, TO go-RILHIX TLIT,IIC &2
ORIt TH 3. HUHTRPRINS LS TLIZADNBZD
TLELRBERUTWIIZ 2.
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Fig. 25.

Schematic representation of the structure on z-carbides. Large open and small filled circles
represent metal and carbon atoms, respectively. Octahedra formed by six metal atoms at 48( f)
positions are labelled A and are placed both at the fcc lattice points and at the body centers
of four 1/8 sublattices. Tetrahedra formed by four metal atoms at 32(e) positions are labelled
B and are placed both at the edge and body centers of the lattice and at the body centers
of the other four 1/8 sublattices. The other metal atoms are placed at 16(d) positions between
the tetrahedra. In the structure of y,-carbides, carbon atoms are located at 16(c) positions
which are at the centers of the distorted octahedra formed by six metal aoms at 48( f)
positions. On the other hand, in the structure of yp,-carbides, carbon atoms are located at 8(a)
positions which are at the centers of the 4 type octahedra.

Table 23. Crystallographic data for a 7,;-carbide, FeW¢C.

Carbide

Lattice M Space Carbon atom Remarks

System Structure type parameter (A) group position

FCGWSC

Neutron

. Closely related —10-
Cubic to EO, a =10-934 8 | Fd3m | Oct. [WeCl | o uder data

Atom positions : origin at ¥3m, from center 3m by 1/8,1/8,1/8.
48W at 48( f) with x=0'195, 32Fe at 32( ¢ ) with ¥=0-830, 16Fe at 16(d), 8C at (a).

%,0,0; %,0,0; 1/44x,1/4,1/4; 1/4—x,1/4,1/4;
©48(f): {0 %,0; 0,%,0; 1/4,1/4+4x, 1/4; 1/4,1/4—x,1/4;
0,0,% 0,0, % 1/4,1/4,1/4+4x: 14,174, 1 /3 —x;
32(e): (0,0,0; 0,1/2,1/2; 1/2,0,1/2; 1/2,1/2,0)+ {x,x,x X, B, X E,x,%; X, E,x; 1[4—x,1f4—x, 1 f4—x;
14—, /a4 x, 1J34x; 1jd+x 1 fh—x, L fa+x; 1f4+x, 1/4+x, 1 f4—x;
16(d) ¢ 5/8,5/8,5/8; 5/8,7/8,7/8; 7/8,5/8,7/8; 7/8,7/8,5/8;
8(a): 0,0,0; 1/4,1/4,1/4,
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Table 24. Lattice parameters of some 7,-carbides,

TeITIIC.
Carbide Lattice parz:lmeter (A
FegWoC 10-956 to 10-958
CogW,C 10-894 to 10-902
CogMoC 10-897
NigMogC 10-894

EPT1IES (a) MBEZLDTWE T ENHEEXN,
STADELMAIER®I R EAIE & LT, (a)fiEE (¢ ) Sl
DEFNMRRENL DO Tkl UC, 7-RbEn-
TL,TI,Cr 9-TITEC e fET Rz LTdTL
LEERLED T, L LS B2
LChDBEL7BE LTHET D Z LA LB E,
TWE%E - KA, - KL EFATR BT 5 2 &5,
FERITHD LELLNE. WD DRk EFD
#HFERE Table 24 W HiF/-.

16. c-RALMOWE

e-RAL LRI BB S BEMER IS,
— DS TTRILHBELE T 5 . Ravtana & NorToNID )X
Co-W-C ZREMEL, BRUDTZDORILWERV L
-RAt LA, SOk % CogW, Ci TH 5
& U 21T ScrONBERGU®DX Co2.94Wo.03Cy.00 DAL
% b OB O RS2 PR XBEREEZ B W ORE
Liz.ZITX % &, ZOR(LMITEREE P 63/mme DN
BT, BAEFAIC 24 BoSBERT L 8EOKER
FEEATYD. ZOMERBETI ~RIHEFIX
, NFHROED c/ax=] ThHHZ ENFHTHS.
FHDB-F5R% Table 25 whlS, Tz OfEDRTFEF
% Fig. 26 1R Lz

Fig. 26 W H 7RI i X 5R51 BESY By
FBERELD &SV TWB D, MIERic 2Vl T L
HFHSGEHTERIOTREVISICEDLRS. Tikb
% Table 25 Tyx 12(k) OAEBRTRNTWERFTED
L 6(h) & 6(h) DORLEVL6 @O W FF L& 6 @D
Co RFRLI2TARANICHEDLNT WHEIRTWS
2%, 12(k) R L 6(h) & 6(h) RLED, B 34E
TRZID2TED IS ED SNSRI oEEIC

Fig.26. Basal plane projection of the structure of r-carbides. Distorted octahedra formed by six
transition metal atoms (T'Y) at 12(k) and 6(hy) positions are connected at the corner with
each other. Each one of them contains at itscenter (6 (g) positions) a carbon atom which is
represented by filled circles. Large open circles represent 6(g;) positions which are supposed
to be occupied by the other type of transition metal atoms (Th).

Table 25. Crystallographic data for a representative g-carbide, WqCo,C,.

. Lattice - Carb t
Carbide System Structure type p:ralr(rzlecter (A) M Space group | p:sri tict))x:l atom
a =7-826
WoCo,C, Hex. — ¢ =7-826 2 P 63/mmc Oct.[ (W, Co)6C]
’ ¢/a=1"000

Atom positions : origin at center Im 1.

I2W at 12( k) with x=0-205, 2=0-073, 3 Co+ 3 W at 6(41) "with x=0"890,
3 Co+ 3W at 6(A11) with ¥=0'555,6C at 6(g), 2C at 2(¢).
12Ck) s, 22,25 2R, %,2; x,%,2; B, 2%,7;:2%,%,7; f,x.?; X,2%,1/2+z; 2x,x,1/2+2; %,2,1/242;

%, 2x1/2—2;2%,%,1/2—2; %,%,1/2—z;

6(h):x 2x,1/4; 2X,%,1/4; 2 X,1/4; 2, 2%,3/4; 25,

x,3]4; %,x,3/4;

6(g):1/2,0,0; 0,1/2,0; 1/2,1/2,0; 1/2,0,1/2; 0,1/2,1/2; 1/2,1/2,1/2;

2(c):1/3,2/3,1/4; 2/3,1/3,3/4; )
2(e):0,0,0; 0,0,1/2, -
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EOoTHRELDTREELD 5. I LXKEREFNEIR
FEFIOETEELEIT D LSV TV B D, BRIk
BV, TDRkdi & 21ENowoTNy & BENE-
SOVSKY!)Y 6(g) RLEZ T BRFBREFTLED LN &~
RILWOTFEEZELZ TS, ZD 6(g) MEIX 12(k) 4%
BO4EL 6k fED 2 FOLBEFTHERINS
OF AT AHERD itz 2T 5. SR g
DORIEWTY, BERBETFERE L HMNOE-T
FTEVATNTVS. D EMrbEZT Fig.26 i
AT XL,
FERTSTWEREFTHED B, 6(h) fE1x3CCo
BFTCHDLNTWBARERDZELONDS. ZOBAX
EEMRAT;TCTHRbINS.

Table 26 1ZiXs-RILM PSR SN EEEF L, BR S
N RO FESE HF 7. =D Table 26 557
W=D ARERATS e RIS BHEE T2 0
5. NoworTny & BENESOVSKY! D), =D & & Al |
Fix T 0EBREBRET LB T 51E0 D Tl <, Table
25 @ 2(a)fiEREDDEEZLTVS.

BEETRHMONTYS - RIEWEE 2D 2 L&MW
3, BEAERIEMZIAELRTWS. ZORFEIIC
DWCIEERGENY R4 T, SHEL»CT &R
EHH . '

' 17. H-RALYOHE:SE

H-RAbmoBEMRILEYR £ExEs T, EESSE
BLEEZMTEDLTE, TMCTHS. BERLETEL
EBGEBTE L OMICHR S, ToMRE >
DAt iz Jerrscako, NoworNy, DBENESOVSKY
B0~ 1o CARL SHUFIZE S h it . JEITseHKO 5160
X o TR I -RENE H-RIbTH 5, CrAlC
OB s R 2 Table 2717, ZoR{bHOETF
fF % Fig.27 wi{. coRTAELERIIEELS

Table 26. Lattice parameters of some rc—cafbides, .

T T,IC,.
Lattice parameter (A) -
Carbide.
' a < c/a
W-Mn-C 7756 7°756 1:000
W;3FeC 7806 7°806 1-000
: to 7°810 |to 7'810
. W10C0304 7:848 7 84’8 1 '000
WyCo,3 G, 7-826 7-826 1-000
W,6Ni;Ce 7-818 7-818 1-000
_W-Ni-C 7-848 7-848 1:000
W-Mn-Al-C 7-90, 7-78; . 0-986
W-Fe-Al-C 7-89, 7.85; 0-995
Mo-Mn-Al-C .7-874 7-86, 0999
Mo-Fe-Al-C 7-849 7848 1:000
Mo-Co-Al-C 7-95, 784, 0-986
Mo=Ni-Al-C 7-89; 785, 0:995
Mo, CusAl;;Cg 795, 7-865 0-989

CosWoCy DIFAITIZI2(R) 7 & 6(h)

Schematic representation of the structure of
H-carbides, T;MC. Large open and large
double circles represent non-transition- (M)
- and transition (T) metal atoms, respectively.
Both types of metal atoms make an hcp
arrangement. Small circles represent carbon
atoms which are located at the centers of
octahedra formed by six transition metal
atoms. The stacking sequence of thestructure

Fig. 27.

BRET%, KELEIIERLBEEREFEZRLTWS.
NS RBARIRERFETRLTCWS. Fig. 27 »5
125 X5, ABECRTBSREBE R LT VT,
ZORILMOEER LS ORERORAERTERET
5. ThbbLbEBLERFOOL ZBERETFEY 4, B,
BB EBET OO bRERTEY A'B', BEFT
Ba/NLFD ¢ THRDT &, O ABA'[Bed
OBt EbEh, “HECEBREFEEII LAY
Lrng, ¢BEFORINREEASTEEOMAER L
MUTH2. RERFEIEBEBEFEISEN,
RERETIL 6 HOBBRELBRT ML HAFEME DT
V5. ERERFIEEBSERTF IEBECIELT
WIS, ZOEIEOEFICRNBRe T A4 ML
WMOPE LELLTWS.
SBREFOLRERELT, Bsr BENEEIERE
EEEDTWBEDETHUE, Bl ¢/e=y/24=4899
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Table 27, Crystallographic data for a representative H-carbide, Cr,AlC.

i i Lattic M Carb ¢
Carbide System 1 Structure type g paralm ?:ters A | M ; Space group < cisriti%rrll atom | poo s
Cr,AlC Hex. @ H-phase ﬁiﬂﬂ? 2 iPG/mm Oct.[CreC] | Xtay single
k c/a=4'4823 I : e crystal data

Atom positions : origin at center 3m 1.

4 Cr at4 (f) with z=0'086, 2Al at 2(d), 2C at 2(a).

4(f):1/3,2/3,2; 2/3,2/3,7; 2/3,1/3,1/242; 1/3,2/3,1/2—z;

2(d):1/3,2/3,3/4; 2/3,1/3,1/4; .
2(a):0,0,0; 0,0,1/2.

Table 28, Lattice parameter of some H-carbides,

TEMC<
Lattice parameters (&)
Carbide
a ¢ ¢/a

Ti,CdC 3:09, 14-41 4+ 65,
Ti, AlC 3-04 13:64 4-47
Ti,GaC 3-06, 13-30; 434,
TigInG 3 132 14:06 4 490
Ti, TIC 3-154 13-98 4:42
Ti,GeC 3-07, 12-93 4:19,
Ti,SnC 3-16,4 13-67 4:32,
Ti,PbC 3-20, 13-81 4-30,
ZryInC 3-34, 14-91 4-45,
Zr, TIC 3-36; 14-79 4-39,
Zr;SnC 3-34, 14-59 4- 35,
Zr,PbC 338, 14-67 4°33,
Hf,InC 3-30, 14-73 4-454
Hf, TIC 3-32, 14- 62 4-40,4
Hf,SnC 3-31; 14+ 3, 4-34,
Hf,PbC 3-354 1446, 4-30g
V,AIC! 291, 13-1, 4-51,
V.GaC 2:934 12-84 4-37,
Vi GeC 3-00, 12-25 4-08,
Nb,AIC 3°10, 13-8, 4-46,
Nb,GaC 3+13, 13° 564 4-33,
NbyInC 3-17, 1437 4-53,
NbySnC 3+244 13:77 424,
TaoAlC 3-07,4 138 449,
Ta,GaC 3-10,4 135, 4-37,
Cr;AlC 2-86, 12-8, 4-48,
Cry,GaC 2-884 12-61, 4-37,
Cr,GeC 2-95, 12-08 409,
Mo,GaC 3-01, 13-18 436,

LirBh, EEIIX /a<y/2d LisDTW5. RERTF
2RI LEBREBERTFEMRIE Table 27 @ z OfER
1/12 X D3 KEWT EDHbPB XHIRKEERFICX
DT c IR LIBT ST wbhs, EBLEETE
LIEEBEBRETRE L OMBPEAIC X DT c b
BEO2TWBDIL, &FE UCifli b SEERLE X
DHAEL D TWB. Table 28 KIIBEE TS
htwsd H-Ribhe 73 b 0% F EHEBT -
Table 28 T3 T _NTEEBHKDOIDELTHS
A5, FELHMKEMFICOWTOMEIXIZEAETRbN
TWwicw., ZoEH»S H-F{brx Ti, Zr, Hf, V,Nb,
Ta, Cr, Mo it X EE4LEL Cd, Al Ga; In, T),
Ge, Sn, Pb g YOIEERLE L OO S ROMAED
BIZOWTEREIND LDOTH B E23bdb.

Fig.28. Schematic representation of the structure

of perovskite type carbides, T;MC. Large
open and large double circles represent
nontransition (M) and transition (T) metal
atoms, respectively. Small filled circle
represents a carbon atom. It is located at
the body center of the lattice and is sur—
rounded by six transition metal atoms
which form a octahedron.

18. N 774 FUIREYOEE

ReJ2Hh4 MRR{CHOBEEHRIE, BEBLETE
% T, IEBBEETESY M TEbTE TMC Ths
2, EEiizoRbmiz T-M-C 0=% T TMCG
& TC & TM L TEIENAEAZONIOMERE &
5. B Re TR B4 MRRIEMTH D FeyAlC o>
g ovwT O F — 2% Table 29 T, FEFEH%
Fig. 28 R L7

Fig. 28 TRE M ANIIIEEBLEBEFZEDPL, K
SR_EHNIBEBLBRETFEREDT. TS RESIL
RIEFFEZEDLLTVS. ZOE»LIbIB X5 ICE
BIRFOESNE, SRR TF#EETHS AyCul
EUT, BT o BEIEEBERBEREF 5, Wi~
DRBY BHLBEFHSEDTVS. REETFIIEAH
FOELOMEL EHTWS. ZOMBERESSEERET
6 ADoK BEAFERDHLTH DT, KERTFIIEED
SEEREFLEECEBELTVWEY. ZoiEsir E2, &
EiLsh, BEEMARZ I OB TEY EMETIRE
£cBAUE LT, Fig. 28 ITRIAIBEZ BOED E5DT
WBZ EDS, MngZnCisd,  MnyAlCI®, Y,AIC!9,
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Table 29. Crystallographic data for a representative perovskite carbide, Fe,AlC.
| | L ' Carb
) ‘ | Latti t
Carbide l System l Structure type p:ralr‘rzliter A M | Space group ! pt?srit 531:1 atom Remarks
Fey AlC Cubic E 2, (Perovskite) % a=3"758 1 Pm3m 5 Oct.[Fe(C] Ferromagnetic
Atom positions : origin at center m3m.
3Fe at3(c¢), 1Alat 1(c), 1C atl(d).
3(e):1/2,1/2,0; 1/2,0,1/2; 0,1/2,1/2; 1(b):1/2,1/2,1/2; 1(a):0,0,0.

Table 30. Lattice parameters of some perovskite
carbides, T;MC. '

Lattice

Lattice
Carbide parameter Carbide parameter
A (A)
Sc;AlC 4-48 MnyZnC 3-924,
Y;AIC 4-878 Mn3AlC 3-869
Y,;TIC, 4-88, MnGaC 3-884
LazInCy 514 Mn,;GeC 3-87
Ce3InCy 510, Mny.5Sn4.6sC | 3-967
‘Cey T1C, 5-09 Fe;ZnCy 3-81
‘CegSnCy 5-10, Fez;AlC 3-758
‘ce;;Pbe 5-11 2 FCSGaCX 3-74
PryGaCy 5-16 FeyInCx 3-88
Pr:;[an 5-09 F63G6C0.45 3. 66
Pr,TIC, 5-08 Fe;SnC 3-86
Pry;SnCy 506 CozMgCy 3-82
PryPbCy 5-07 Coy3ZnC 3-73
Nd;AlC,.9 4:96 Co3AlC,. 59 3-70
Gd;AlC,.g 4-90 Co3GaCyx 3-647
Dy;3AlC,.; 4-85 ColInCy.z5 3-86
Dy;GaCx 5-07 Co3GeCy.os 3-61
Dy3InCy 4-88 Co3SnGC.; 3-78
Dy3SnCy 4-85 NizMgC 3-73
Ho,AlC,,, 4-81 NigZnCg.q 366
TizAlC 4-154 NizAlC.z9 3:62
TiaInC 4- 199 NisGaCx 3 * 597
Ti3TlG 4'209 NigIﬂCo.s 379
NiyGeCy.y5 3-58
Pd;InC 3-97,
PtsMgC0.17 3- 904
Pt,A1C 3-89,
Ptgtnc 3 '983
Pt;SnC 3-89,
Pt;PbC 3-97,

SczAICHTD 35 308 P PbCl0 7 o\ T XEREHAEEIC X
DTHEPD HRT W5,

RSB D ST TV BEA, o XIETERF
ML OPWEITIE, KOO TRFIEIMALE 2 FHRRNT &
»5. FEMETFBERKGOEE T, KRoOMETFIIT
R 2 AN 5 51D, Table 30 ITixRe 7284
FRRILH & X ORFEREZ BT CHSE. ZORPLA
v Iz hn A4 NRR{LE S LA, T, Cr, Mn, Fe,
«Co, Ni, Pd, Pt s X DEH4&EE Mg, Zn, Al Ga,
In, Ge, Sn, Pb /x Y OIFERELE L OMDOLE DA
AhHEITDOVWTHEEINDS Z LS.

RoT2HA4 PEOZITRIEMTE ST WIS,
22yt Mn N1, Fe NISOBIEET 5. T HOE
{bm<ix Fig.28 ofEx d TRFBLEDTWS. hiE

FHREHTIC X B0 THOTID, TAIEZ HD 5 TRF &
MErE% 55 TEF TR, TOMBRAESEL DTN
BT EBbREDOTWER, THRMEIR X DTETIRE
BRLDLEFELZNITHHETE S,

RuTAHA4 BRI EERLEhOEBERET
DAREZCDONTHEKDDIMELZ TR LTWD. WEE
£k 12 o TEREFHB IOMRETOFET-EFEE fe, My,
ETBE, mpe>ty OEEIHRFFERIIV 2 (Lia+mys)
I n/hEL D, mpe<ltyy DEEIIXRELLSD. ROSEN
L SPRANGIIZNEZ D2ED X ST L. Z0fhE
T OB ODRTFIRRFERERT LT HIERILERT,
BEEITIE t=t1p+4dt, BIXPm=mp+dm Lz DT
L #E2S. L LEERDORETOEDSHEUIZELL
WET 5. EOICRERFBEMESE T DEERERITK

LEWHERERMEZD. TOFERIOEDES t =
mTRHOIND.
LT t12+dt=mlz+.dﬂ'I,

12x24¢+4zm2dm= 0
MRS T B EWRD. Zhvrb

At = (myp—t12) /4,

Am=—3(m3—1t;5) /4
Linn, MFEROELZ

Adm+dt= — (myg—112) /4
TrHlT sz LS END. ZiuD mpg>i DIEE
1 Am+At< 0 L7 D THFIES, I melis @
B dm+ N> 0 Lig D CTHT BN S 2 L pdbde
5. ZOFRWTIRBATFOMELZ T OLLBELTY
595, RudAhA FRRICHORFERDOELDOER

RS, BRI G RBR TRATE S L

AISTADELMAIERD DI R I LT 5. ZEEOLE
FTEPLEDCuTADA MEETIHERRTFEEIR
e h, R EAEROES S S E OB T IR TR
BTV, X CTEAETHRCHEET 5 EF
DO OHEIE — IR b b, FFREIHS 1Tk
LrOREXETETHI &Y, LEOBRIITARLT
WwW5HH D E LTHEERE.

19. B-MnBIR{LYDHEE

JErTscHKO SUNIE Y TF L, TMT =T 4, RED
B skR 1 500°C [Tk LT, SLE S MosALC D=5T
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Table 31. Crystallographic data for a representative £-Mn type carbide, MoyAl,C.

Carbide System , Structure type %:rt;]x%eeter &) M Space group Carbon atom position
Mo;AlLC Cubic f-Mn a =6"86; 4 P 4,32 Oct.[MogC]

Atom positions : origin at 3.

12Mo at 12(d) with x=0"206, 8 Al at 8 (¢ ) with x=0061, 4C at4(a).
12(d ) : 1/8,x,1/4+x; 3/8, %,3/4+x; 7/8,1/2+x, 1/4—x; 5/8,1/2—x,3/4—x; 1 f4+x,1/8, x; 3/4+x,3/8, %;
1/4—x,7/8,1/2+4x; 3/4—x,5/8,1/2—x; x,1/4+x,1/8; %, 3/4+2,3/8; 1/24x,1/4—x,7/8; 1/2—x, 3/4—x,5/8;
8(c):xxx3/4—x3/4—x,3/4—x; 1/2+x,1/2—x,%; %,1/2+x,1/2—x;
1/2— 5, %, 1/24 %, 1/4—2,3/4+%, U4 +55 | /447, 1/4—x, 3044 x; 3744 5,14+ x, 1 Jd—x;

4(a):3/8,3/8,3/8;7/8,1/8,5/8; 5/8,7/8,1/8; 1/8,5/8,7/8,

Schematic representation of a part of the
structure of f-Mn type carbides, T;M,C.
Large open circles represent transition metal
atoms (T) at 12(d) positions. They form
distorted octahedra which are connected
at the corners with each other. Small filled
circles represent carbon atoms at 4(a) posi-
tions. They are located at the center of the
octahedra. Non-transition metal atoms (M)
at 8(c) position are not shown in the figure.

BAtE B L7z. 5 oRIEmBE TR~ 5
XS5 HANE L7 f-Mn BIThH 5o & 2 XEEERET
BHICLc. ZoRIbMOREHBEcETs7— 4%
Table 31 iz, RFEWMF2HL0E LRFRINO—H%
Fig. 29 iZ7R L 7=

Mo3AlL,C THRIHENEFhD 12 {Ho Mo FEFIT 12
(d) frE#Z &%, 8D Al FEFI: 8(¢) fER L5
TW5. kERETI6MED Mo [FFD oL 5U0FALEA
HERDOHFLTHD 4(a) MNBELZLHDT WBEE 25N
TWnb. B-Mn DEETDH, 12(d) FBEZ HDTWD
Mn Jf+& 8(¢) L% 5 TV5 Mn EF T, %
DEFIREREL 22 2BRHMLNTE VI, MoAl,C
AL OBHET LIGR~N72 X 5 Mo [RF- & Al [EF»
12(d)friE & 8 (e )i & ICHRAIIIKERNT D 2 S =
LREBBTEDILTHS. Fig. 29 2RThbrbX>

Table 32. Lattice parameter of some f-Mn type
carbides, T3M20.

Carbide Lattice parameter (A)
Nb;zAl,C 7:07, to 7-074*
Nb3 (Aug/aGal/:;)zC 7'084
TayAlLC 7-03g
MOBAIQC 6-86, to 6° 86¢*
W-Fe-C 6°39;
WBRCZC 6" 859

* Aluminum poor boundary

I, ZOMER [MoCl DOTAXATENE OISR
TBNCHBF LS, ZRITMCHA DT BN
ThHD.

B-Mn BD it & Z D¥-FsES % Table 32 jz%
LDz, ZOERPEDbNPH XS, TOEDRILHITE
Be&ETH LIEEBRSEITE LOMER S, o
AT ToMeC THS. Z(LWiTd 2h & AEOREE
ZLObDBFEL, COBORAB(LEWIL - BEG
&N 5. GoLpscuMIDTUSI = D 7 BR LB
EWEABLEMTH B EELTVWS. ZOHANLL
72 B-Mn BOLEWMICIILIELIEM~ Ao 0 2 a
LRI IS U BN RS 5. AL L 72 a-Mn#
DEEZR b OETLRILWLRT X-MHEEENhD, &
OEREE DV TIHT L AEHRNIRL, LI DTERE
EHIETREOHEENC DWW TRSHBITET X EET
H5.

20. Mn;Si; RIE{EYOEE

Nowotny#f & FEIXN 5 VD, BERE&EITE L IEERSE
TLHE L DOERER SN ZBABLEMSFEET 5. No-
WOTNY 5143 Mo-Si-CZI5% % fI%E L7z X i, Mogs
Si;C<1D#lpi% b ORIEWERVWE L. TDOHIDR
L L RO R, 2, WHLmEZHERVWESh
2. THHD S bDj{tin% Table 33 I HiF7:.

Nowotny 51783 Mo<:Si;C<, @ Mo [EF ¢ Si B
FDEFP, D8 TEbINDHALED MnSigl™ 1 7
CTHHT L XBTIDBARETHLPII L. ZD
BRALIEIE~HERERE b, ZOZE2FATHD
ERFRERFAESY DEDT + BHOFETFRIBIRESN
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Cusi=3, PARTHE B0V FRETBE v
4 @D hTTable 4T HITHLORELNRETH D

Table 33. Lattice parameters of some Mn;Si; type
carbides, TsM;C.

Lattice parameter (A)
Carbide
a ¢ ¢/a
Zr;S13Cq.2 7-91 5-88 0-705
Hf AL Cy 8-052 5-690 0-7067
HfSi;Cx 7-89 5-56 0-705
Hf5GCng 7 883 5 537 0 7024
V5S1,Cx 7124 4-83, 0:678¢
V5GezCx 7-28 4-96 0-682
VsP3Cour 6-924 4-799 .0-693,
Vi5As3Cq.7 7121 4+ 963 0-6970
Nbs;GazCyg 772 5-27 0682
‘NbsSi;Cx 7°52, 5-234 0°696,4
Nb;Gez. yCx 766 5-25 0-685
TasGazCx 766, 5-28, 0-689;
TazSi3Cx 747, 522, 0-699,
Ta;Ge;Cx 7-58, 5234 0-690;4
CrsS5i;Cx 6-99; 472 06754
Mo,.8513C 0.6 7284 5:04¢ 0-692,
Mo;Ge3Cx 7-36, 5-044 0° 6854
WsSi;Cx 7-19 4-85 0-675

CEFHLMPIT L. Tibb 6(g) fLEX Mo [T
Xb, £/ 6@ AER S FFCX2TTNTSE
BHENTWSS, 4(d) AL Mo [JRFIC X 2> TS
HICEDONTWAEENT, ZOMBEDHEBEDHETE
) TF ORI OEFENE(LT D, RERTIX6
(g) RBEORE L OHMANDIE N Mo [RF22L 5N
HHARDRLTHBH2(0)NEZ TN EDTWT, KFE
RELAVCEEMEY 252 N TE5. DlERELD
CHRE BB TFRORFHRTEERDbTE TITL,
MsC<2 &% %. z 2T Tl TH 3 EREERFZ,M
BIEEBEBEERETFEEDLT. T & T RREEOTET
HBHETRETRALIMBEREN 5, BEBOILET
»HPSTEETRLI E 5. ETLRILOHEITIT
RBEETF BN O EREEILE T 2 6(en fLE
e, REFRFIETY JZF0oL 5 /\EEALED L
Z5» 5. REFRFIE Nowotny fHEEENT HITHRT
BBEEZLNTVED, BTLD(B)MESTTHR
FZEFTHEDLEND DT TRV, £BERETFLRERTF
DEE D BT HE, Nowotny #8ik f-Mn BI{L4 X
X SREBMILEMOGAVCEATBILEM THS LWL
5. ZOHEORFEIOESEIsEkTF % Table 30 1T

Table 34. Crystallographic data for a representative MngSi; type carbide. T TL, MgCgo.

. Latti Carb t
» Carbide System | Structure type p:ralr(x:'lz ters (A) M |Space group poasri ti%?la om Remarks
N =7-286
. Closely related a . Neutron
Mo,.sSi3Co.6 | Hex. | 0 D-8, cc/a—=509é}326 2 P 63/mem Oct.[McC] powder data

Atom positions : origin at center 3lm.

6 Mo at 6(gy) with x=0°"240, 6 Si at 6(gr1) with x=0"60, 3'6Mo at 4(d), 1-2C at 2(b).

6(g):x0,1/4;0,x,1/4; X,%,1/4; X,0,3/4; 0,%,3/4; x,x,3/4;

4(d): 1/3,2/3,0; 2/3,1/3,0; 1/3,2/3,1/2; 2/3,1/3,1/2;
2(5):0,0,0; 0,0,1/2,

Fig. 30.

Schematic representation of a part of the structure of Mn;Si; type carbides. Large-open circles

represent transition metal atoms (T) at 6(g;) positions. They form distorted octahedra which -
are linked with other octahedra by planes. Small circles represent carbon atoms at 2(b) positions.
They are located at the center of the octahedra. Other metal atoms at 6(gi) and 4(d) positions

are not shown in the figure.
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LT RIEREP LI, SR ERTAZLIXITERY. L

21, H & H =

ZOMETIEBEBRILESEL, T OO
HhE 2T, $TRTOZITREEE Rt
WEEDDOR{IL(A-D L EMREEEZ DI 2D D(A-2) &
TRBIL, ch bz FEERTaBLTGRL:. S5k
FAbmx, R 5EBEEITEEI RS D kI
(B-1) & ERELBILE L IFEREIFEILE & ORIITER S
N5HD(B-2) LiHF oS3, iFRESDEILRIEK
1L, g, SR 7T EECSEEN D, —D20D
FHEICET 5 RIS (B-D»(B-2)D &L 5
—HET S

EBHEBRILIEOWT, I 2 TRhRASEE, BA
UL EMERIT OV TOHEO—HETH 5. AILHPT
HUIFLITHERH L= X 5, Ribisits ik
BXENAEER 5DHTWT, STR{CDEED M
niEEER ORI ORKSEEIM I E S < DATH
LT3,

BRSOV TRE, L REBEBRILIhDORE
B OWTHEL RN, LS E do2k{biT
U, REMERESAE L E ST, B RERTF
12 ORI R 100% 354 EDTWE DI, TOEDK
{EOMKITITEAEREDTE D, REOHAMER
BFE V. HIFBES A EE 2 D D RICIT, IR FBIREEDS, K
FEOEDD HMBEBOKRSD | THLIHEECHHFELETSE,
REOHMKFARA . BEOHE, RERFHEDS
5¥ EEAE A RENCEIT B4 0E 0, HEHY
WEANT A :455. 2O LTHELT, RERT
FIBICDOWT D, VWb SRl —FRAIZERSIEZ S Z
EM, L DORIEMTBVWEEh, BAFEBEEhTW5S.

RERFOREMEDEEBRTFOERINOIRI T /A ML,
ZA7Y) X LW ICHEKBEO=ZBETHS. $ITHR
e BT, WThoERNE L5 X, HERE
BFoREM, RERFLEANAEEEZ O LITETLHD
bhs. Tbb(B-DIET 54uRbPDRER
FEBLERFCHTI R, (B-DRET50DKE
BEFiE, RMeEERT 5REEOEREEPRT, KE
BIFrEbmdEaT5EB4BRTTHENS. 20
L ERRILHh TCORERT LEBRFOFEOEEM
2RTHOTHS. ZOHEIERT L, ERERERIL
OIS, RERTFLEBET LOBGIT DT
BRENK, SBEFOOL 5AEKD LN EZ/TY
X LHMERBALE L DT WT, ZOBABZRITHICE
FILT, HEOBREERLTWVWD LR T ZENTE
5. COBASBEMLIEEE D ORILOETRER{LD
COoOWCIEHAERTHS. b, HBNLRAE{LE0T
b LWt EER Dok, 7ok EARR R ER
FEeFE B2, hep BORILIDBHEIT 2V Tid, LIk

LZORILh o RERFHSHABHTS L, Foflls
BECIR S, O EPLIFEHPDORERTFOH
Bl—FHAIERE & D7 5 TREEk B 5METH 5.
HELO—AN i) vk, ZoENEREERTBIC
HIDELTC, THESHEL N CZEELARRYE
HIRWESEH R LET, SRR 2WAR EE L,
M ERAHMEICES 2 LET.
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