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Me, C B ALY ¥ 8 T 1IE 38 & & > Doy B SR S5 48, 25 (B BF Pbnm (No. 62) . 4RI JE Ad B Gk 2%
LB ESEE) TR 1. WA E RS S G R C R IR T Me A Fe, C B, LA AR 5 H0H B
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Fe,C fhM 8 BAE N (FeND,C, (FeMn);C, (FeCo);C Y 448 %, Me 51 # (19 5 4% 3 $0n o 28 ] Fe,
Ni,Mn,Co #l C J5LF 44 Biv (1 248 fb 3k 52 e o 330 BB AT 09 M HL 7 45 40 00 1 308 T LA L) Fey C b 4 85 850 2k
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Table 1 Lattice constants of Me; C and diamond

Crystal constants

Material

a/(nm) b/(nm) ¢/(nm)
Fe;C 0.45144 0.507 87 0.67297
Ni; C 0. 45530 0.501 30 0. 68290
Mn; C 0.45300 0. 50800 0.67720
Co; C 0.448 30 0.503 30 0.67310
(FeND;C 0.45144 0.507 87 0.67297
(FeMn);C 0.45144 0.507 87 0.67297
(FeCo);C 0.45144 0.507 87 0.67297
(NiMn);C 0. 455 30 0.501 30 0.68290
Diamond 0.356 68

Note:a=p=y=mn/2

AR 5 B 2 K R A R3S ;ﬁﬁx Fe Ni,Mn,Co #l C i A Z2 B, #I 1] EET Bt i) i B 22 2 %
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AT H1, Fey, CNi; C.Cos C.Mn; C, (FeNi,; C, (FeMn),C. (FeCo),;C.(NiMn);C. (NiCo);C 43
A 444.803.416.562.410,413.305.932.782 A J5E FIRAS AT REAEAE . & NI A W FP Al BEAEAE AR,
TREA B A SCH G Fey C FIG R B — RN B 74549, L3R 2 Fik 3, R o BIEFRB.R(D K
B EE 0 NIRRT IEMN TR L R o SR R R . O o B B SE M LT R 2. S — S5
BTN AR IR TR AR A T BB, oy I RTREAETE MY I AR ALK



374 =] £ 7] i &5 i %20 %
&2 Fe;CHMMEFEN
Table 2 Valence electron structure of Fe; C

Bond I, D,,u/(nm) 5% /(nm) Ny AD,,u/(nm)
DS~ 2 0.18526 0.18305 0.85771 0.00221
D§ 2 0.18765 0.18544 0.79374 0.00221
DS Fez 4 0.20565 0.203 44 0.55865 0.00221
D1 Fe 4 0.25175 0.24954 0.28847 0.00221
Dfer e 4 0.25442 0.25221 0.26454 0.00221
D§ Fe 4 0.21502 0.21281 0.41226 0.00221
Dz ey 2 0.24900 0.24679 0.397 94 0.00221
DierFe 2 0.26476 0.26255 0.14993 0.00221
Diex e 4 0.25147 0.24926 0.36731 0.00221
Dfs2 —Fer 2 0.254 83 0.25262 0.32939 0.00221
D Fe 4 0. 26666 0.264 45 0.17787 0.00221
Disi e 8 0.26781 0. 26560 0.17136 0.00221
DYszFe 4 0.26476 0.26255 0.23870 0.00221
DS, Te 4 0.23092 0.22871 0.246 17 0.00221
DS; 2 0.30175 0.29954 0.01962 0.002 21
D Fe 2 0.37096 0.36875 0.004 79 0.00221
D2 e 4 0.36345 0.36124 0.00972 0.00221
DigzFer 2 0.36414 0.36193 0.00951 0.00221
Dise e 2 0.36615 0.36394 0.00891 0.00221
Dis1Fe 4 0.37252 0.37031 0.00574 0.00221
Dipi e 4 0.38063 0.37842 0.004 41 0.00221
DS, Fe 2 0.356 62 0.35441 0.003 31 0.00221

by 2 4 0.35013 0.34792 0.00515 0.00221
DS Fe 4 0.35449 0.35228 0.004 48 0.00221

55 ¢ 2 0.32239 0.32018 0.004 36 0.00221
DS T 4 0.36676 0.36455 0.002 38 0.00221
DY, Fe 4 0.37087 0.36866 0.00263 0.002 21
D¥gzFe 8 0.41086 0. 40865 0.00209 0.00221
D2 ez 4 0.41293 0.41072 0.00195 0.00221
DS, Fez 4 0. 38450 0.38229 0.00169 0.00221
DS 2 0.39727 0. 39506 0. 000 89 0.00221
DS; ¢ 2 0.35832 0.35611 0.00136 0.00221
DS, o 4 0.39789 0.39568 0. 00087 0.00221

G ¢ 2 0. 36630 0.36409 0.00105 0.002 21

5 © 4 0.42030 0.41809 0.00018 0.00221

Note:Fe, 0. A14,R,,(1)=0.10202/(nm) ,nl* =4.9807.
Fe, s0. A10,R,,(1)=0.10919/(nm) ,n!*=3.972 3.

C,0.6,R:(1)=0.07630/(nm) ,n¢ =4.0000.
2in,=16.92530,8=0.0710 nm.oy =444,
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Table 3 Valence electron structure of diamond

Bond 1. D, /(nm) D, /(nm) n, AD, /(nm)
D{ ¢ 4 0.15445 0.15719 0.86171 0.00274
D§ ¢ 12 0.25221 0.25495 0.03618 0.00274
Dy ¢ 12 0.29574 0.29849 0.008 82 0.00274
D{ ¢ 6 0.35668 0.35942 0.00122 0.00274
D¢ ¢ 12 0.38868 0.39142 0.00043 0.00274
D§ ¢ 8 0.436 84 0.43958 0. 00009 0.00274

Note:C,0. 6;3R; (1)=0.076 3 nm;n’=4.0000; 2n.=4.0000,3=0.0710 nm;oy=2.

3 Me,C/€NIAFREBINEFLEH

H1 Me, C #0142 W7 B9 S AR SSA AT 0, — 3 A 768 d LTS5 JE AR RLAY C—C SEE8 24 Uiy g
a1 A 2 s, Me; C S RA123 S =2 C—C Bl il T2 R Dy Dsy Al
Dys » 4 WA P i A1 23" i ) el f WL F 25 R P i Dy (D, R Ds SR

A A
1 1
1
. ! ! e
F--de-F----F- #---=- o ©
’ X\j\ O o :
s £ 1 Q
4/ 1 O 2l N O s, O 1
. Bl \C 1 D
Fotbr o1 3 !
/! 1 i A © o o]
RAD I K < Sol !
JOPST= P} Sppupup spup.gupmyup A5 Vo
’ P . F-sk-—-p1-o
’ s / - Yy
o > - -
x V3
Bl MeC iy C—C 5k K2 &WATY Me CiAHEIH C—C 4
Fig.1 C—C bonds in Me;C lattice Fig. 2 C—C bonds in diamond cell, which are

similar to those in Me; C lattice
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Table 4 Valence electron structure of Me; C/diamond interface

Me; C oN o Dpmin/ (26D 0=c/ox/ (%)
Fe;C 444 206 0.0590 46. 4
Ni, C 803 130 1.4887 16.2
Co;C 416 258 0.0427 62.0
Mn,; C 562 230 0.0160 40.9
(FeND;C 410 216 0.0271 52.7
(FeMn);C 413 139 0.1040 33.7
(FeCo),C 305 58 0.0013 19.0
(NiMn),;C 932 160 1.5163 17.2
(NiCo);C 782 116 1.4791 12.8
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Valence Electron Structure Analysis of Catalyst
during Diamond Synthesis under HPHT

LI Li"*,XU Bin*?,GONG Jian-Hong'*,LL1 Mu-Sen'"*

(1. College o f Materials Science & Engineering s Shandong University s Jinan 250061 ,China;
2. College o f Materials Science & Engineering ,
Shandong Architecture University ,Jinan 250101,China;
3. Shandong Engineering Research Center for Super Hard Materials , Zoucheng 273500,China)

Abstract; Experimental results showed that the Me; C(Me means Fe,Ni) pattern carbides produced by
the action of catalyst and graphite are main carbon source to form diamond structure under high tem-
perature and high pressure(HPHT). In this paper,based on the empirical electron theory of solids and
molecules(EET) , the valence electron structure(VES) and interface structure factors of diamond and
various carbides are calculated,and the boundary condition of Thomas-Fermi-Dirac-Cheng (TFDC) is
applied to the carbide/diamond interfaces. It is found that the electron density of crystal face in Me;C
formed by C—C bonds is continuous with that of diamond at the first order of approximation,but the
continuous intensity of different carbide is different. The VES of plane composed of C atoms in(FeNi);C and
Co;C are more similar to that of diamond,so the energy needed to transform their C—C bonds to dia-
mond structure is lower. The catalyst action and catalysis mechanism are explained on the basis of
VES concerning the carbides and diamond. This method may be a new way to investigate the mecha-

nism concerning diamond formation.

Key words: diamond single crystal;carbide; HPHT ;valence electron structure;interface;catalyst



