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MR SCHRC 120 7T A 45, A7 B ARG AE 1200 K ARHES T B bR 0 BE 2R 48 AU 23 51 o~

HY 0 (g)= 16. 224 kJ/mol, S5, (g)= 28.509 J/(mol + K);

HY 50 (d)=17. 480 kJ/mol, S, (d)=23.702 J/(mol + K)

TEEFE 1200 K DA, A7 88 1Y BE IR /2 R A8 A

C,(g) =24.43540.418 X 10 °T —31.631 X 10°T *[J/(mol « K)]

WA 2E T B R AR B 4 NI 1E 298~1200 K 2Z [6] il 58 A, B 52 56 H 45 315 A4 1S X 8] P4 Y
Bt . A R DG SCRR N 4 WA Y R A EAT TR A SCIRC L3 TR TS5 SR AE 1200 K AR 53050 4%
R GG, W A5 TE 1200 K DL E 09358 2% iz SCEk iy 3+ S 8 ds 17, M98 SCmk (13 ], 76
1200 KA B, 4 Wil A B8 2R i e A 5B =2 ] 9 06 R 2, AT DA R aA R

C,(d) =14.932+0.013T —4.778 X 10 °T? + 6. 413 X 10 " T*[J/(mol « K)]

HRAE SCHR[ 141, A 38 09 7R R ik 28 %50 b6 TR 2 1) 728 Ak AT DAL R A

0~600 K: B, = (—3.125+0.057T+5.275 X 10 ' T> — 1. 747 X 10 * T° +1.432 X 10 °T*) X 10 *(K 1)

600~3000 K: B, = (28.895—8.92 X 10" +1.998 X 10° T* +3.216 X 10 °T* —1.310 X 10 *T") X 10 *(K™")

HRAE SCHRL 15 1, 4 WA B 4 2 T % 50 B Ui 32 100 728 Ak Pl i DL 3R 3k R

Bi=(—2.013+0.024T —9.219 X 10 °T? +1.237 X 10 °T%) X 10 *(K )
AR AR T . B, =51.1 GPa,B," =8. 9; & NI 1 AR B8 . B, =433 GPa, B, =14,
A DL 14 S8 AR5 TR v, AT 3R 1200 K DL A ss= 8 NA A2 3 i fg>
AGE =8724.652 —61.203T —6.291 X 10 T? +7.963 X 10 7T —5.344 X 107" T* —
1.581 X 10°T " —0.160Tp +9.503TIn T +4.339 X 10 " T*p —
1.403 X 10 5T p+6.320 X 10 “T'p+1.385 X 10 " T°p — 1 820p +
44,.5p* —2.028p° +0.076p* —1.684 X 10°p° +1.540 X 107° p*(J/mol ) an
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R T B UEAS Ay B AR Ak BT B T AT M ORI R TS FL PL Bundy S AP ERAFEY 1200 K A
BB pT K Fp(GPa)=0. 7140. 002 7T(K) AT LA, 45 AG=0 T F 6l B T WA
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Table 1 Comparison of calculated pressure and normal pressure at different temperatures

T/(X) pami/ (GPa)  poi/(GPa)  Error/(%) T/(K) Pawd/ (GPa)  po/(GPa)  Error/(%)

1200 3.95 3.85 2.53 1500 4.76 4.57 3.99
1300 4.22 4.10 2. 84 1600 5.03 4. 80 4.57
1400 4.49 4.34 3.34 1700 5.30 5.01 5. 47

2 1 AT LA 2], R AATH A 5 B A9 RS RNR S R AP 6 1 SR 3E p(GPa) =0. 714-0. 002 7T (K)
T 34 1Y A s S (AR iR 22 4R/ FE 1700 K YK 5,47 %, U BA A 358 07 1k DL K B0d A 3 2 45 3
AIATIR . BE 2 R T o SV 1R a5 25 8 320 3 18 TR L X U BH R 6 A T 2 S 80 s e IR R 1) T v
K,

5 T T i A R A WA TR — JEFE 1500~1700 K, JE 1 — R TE 5~6 GPa, I BEFIE 5
JE N A REEE AR HEAFA QDR i B2 4 B=>8N A2 A hfeE. k2 ix, JLUE
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Table 2 Gibbs free energy change of graphite=diamond transition at different temperatures and pressures (J/moD)

p/(GPa)
T/(K)
5.0 5.2 5.4 5.6 5.8 6.0

1500 —695 —1014 —1327 —1634 —1934 —2226
1550 —510 —831 —1145 —1454 —1754 —2048
1600 —330 —651 —967 —1277 —1579 —1873
1650 —153 — 476 —1793 —1103 —1407 —1702
1700 —25 —304 —622 —934 —1239 —1535

3.2 Fe;C=>C(&£RIA)+3y-Fe M ANZERT
e R R A A SN R TR S KRR T & BRI B R T . DAIRATT i Y 52
AT AT, Fe-C R b 45 i 4 WA J5 1) fi 55 0 4 J f S rh R B A7 A6 A0 88 L y-Fe M1 Fe, CM', 1M HLid
1o A ) S SGF 5T LA B AR 22 SCRS T AT A v T e R A S A A R P R L A A AR AR A K R DR AR
Al AESESR HF Fe, C BUBRALY) 40 X AR AT LAAG S — N R0 2 Fe, C=>C(& W) +3y-Fe, %W 1
1200 K A E A BHAEZE BT AR (D #ATIHHE . Fe,CTEHET MR 20 1525 K, (HEHIEH]
B WA e A b R e R AR R L AN T R 2 P B v s PR AR T 530 AT D 208 Fey C 65 Ak BT 7
A R A B AT R A Ay [ 25 ke Ak R
v-Fe Fl Fe; C £ 1200 K I [ b5 4 B8 2 K5 FBR HE BE 2R 05 £ 1200 K LA b 9 B 7K 5 Hs T2 147w DA Sk
(1204545 . HY.00 (7) =35 548 J/mol, SY200 (¥) =76. 918 J/(mol « K),C, (y) =23.991+8.360X10 *T
[J/(mol « K) J3 H 50 (Fe; ©) =128 853 J/mol, ST. (Fe; C) =264. 232 J/(mol + K),C, (Fe;C) =107.
194412.552X10 *T [J/(mol « K) 7,
y-Fe BIRIEIK R B .8, =5.862X10 ° K ' ABUEH K . B, =132 GPa,B,”=4.9, Fe,C fy
R R B fr,c=—4X10 " +1.6X10 "T K ' fEBUI & N . B = 175 GPa,B, =5. 2,
P, AT 3845 1 200K LL_E Fe, C=>C(4& M) +3y-Fe BB H B BEAE 1L Ky
AGE =3657.318 —126.801T — 12. 764 X 10 *T? +7.963 X 10 "T® —5.344 X 10 " T' +
20.289TIn T+ 1491p+3.329Tp —3.704 X 10 °T?p — 1. 051 X 10 *T*p +
1.057 X 10 T p — 18.82p* + 0. 296 p° — 2. 685 X 10 ° p* (J/moD) 12
M R T Fe, C=>C(&NIA) +37-Fe Wik B FMr i, AG=0, 7T LA -1 1= ) p AT i
BET MR S T WAE . JF K AR 0 V8 e ) p (8 B IR 3 Fis .
H 2% 3 A LLEF]L1E Fe, C=>C(ENIA) +37-Fe WMl p-T & FR W, i J7 Bl BE 04 T 85 2 R A
X IE A ERE T 4 WA G T 2 b B — ) i T e IR R A S T AR T TR e A Y T R
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Table 3 Calculated pressures at different temperatures

T/(K) P/ (GPa) T/(K) Pea/ (GPa) T/(K) pea/ (GP) T/(X) pea/ (GPa)

1200 29.95 1400 7.08 1600 3. 80 1800 2.57
1300 12. 22 1500 4.95 1700 3.08

IR EETE 1500~1700 K, JE JJ7E 5~6 GPa 75 H WA FEME . fCA (12) X, 73k 15 Fe, C=C (4N
£1) +3y-Fe B H HBEMH . W3R 4 Fis,
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x4 AEAEBEFMEHAT F; C=>C(L&NIF)+37-Fe R B BE AG
Table 4 Gibbs free energy change of Fe;C=C(diamond)+37-Fe at different temperatures and pressures (J/moD)

- »/(GPa)

5.0 5.2 5.4 5.6 5.8 6.0
1500 —109 —518 —929 —1342 —1755 —2169
1550 —1712 —2202 —2693 —3185 —3679 —4174
1600 —3425 —3999 —4574 —5150 —5728 —6307
1650 —5248 —5910 —6573 —7237 —7902 —8569
1700 —7183 —7936 —8691 —9446 —10203 —10961

H 2% 4 W] LA B, 2 15 B A 0 78 bk DX a) S ) IO B, Fe, C=>C (& R +37-Fe SR 9 H H
ety b . 0T I A B TR RN FE VS B P L Fey C=>C (4 NILA D) +37-Fe B LN MR 72 1 J2 ] DL
1. I AIF S ER — BT B E T 0T AG BN, B 3K 3l 38 K 7R Wl — Fe 1 T, Bl & I
BT AG WIS, R R T BN 17

BT AEF BB B A = & R Fe, C
=C(£& M) +37-Fe #F 1500~1700 K.5~6 GPa [#]

L P 0L DY 660 1 725 1 B ARA (1) 3% S

" 4 » — SKX PCRRS @,
AC2) RS 0 HUR 2 T R — P P e 1 0 SR S
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i & 1 A RLA # L 7E 1500~1700 K Fil 5~6 GPa
HIE A Fe, C=>C (& NIA) +37-Fe fifr si= & i
NI 1Y AR Ak 34 o B fH L T L 2 IR RS R _1ol
Hi Tt HE R A AR 2RI /N TR A/ :
HIH RS ) R R, Rt R Ty 2 4 &
KU 7 8 FH Ak 5 ik 485 1 4 W A 0% I BE R )
N Fe, C=>C(A NI +37-Fe A 85=>4 NI
A HIEM AT Gy A . LA LA S I A 42

AG/(kJ/mol)
I
5

NIl S A B AR KRR T Fe, C 14010 A 2 A1 28 B 4RI 20t R A A 2E L
1 ELAEARAE Fig.1 Gibbs free energy changes
3.3 C(AZE)+7Fe>Fe;C I ZER of diamond synthesis
N T AR NIAATE R Z AT R C 4 Fe, C fAAE . AT X Cf18) +y-Fe=>Fe, C MK A i HEE
11 7R AT

1E 1200 K DL BB, COfH 88 +y-Fe=>Fe, C I 1Y A i fEAE1L N
AGH =1 998. 837 + 65. 657T +6.473 X 10 ° T — 1,581 X 10°T " — 10. 786 Tln T — 3. 489Tp +
3,747 X 107 T p—3.520 X 10 ° T p — 4. 250 X 10 " T p+1.385 X 1075 T° p —
3311p 4 63.36p% —2.327p* +0.079p" —1.684 X 10 *p° +1.540 X 10 °p°(J/mol)  (13)
PR EETE 1200~1600 K EJJTE 1~6 GPa i [ N HBOR [F 891 AR A (13) 2, ATk COfa 88) +
37-Fe=>Fe,C RN H HBEZEL(E, 5 TR 5.
2 5 n LB F]LE 1200~1600 K. 1~6 GPa [\ MK H{EHEN,CCfH 8) +7-Fe=>Fe,C ] i
H HREN T(E s 7E 1600 K R IMET 2 GPa B, i A fBE N FAH . & T 2 GPa BB IR . W st2& vt 78
BARAIRE R GBI NSt E 2 & &k CfT88) +3y-Fe=>Fe, C LIV ; 75 I8 35 B4 R B 1 R 1 8%
BT, RIRESSTE AL Fe, CARBE S & I TH i, & R AW ) e . BB, 78 & WA TE 2 /. & 4 K
Fe,; CIEML. MWIRTI=MIEFE ,v-Fe 5 828 WUk ALY v] LhRE AR A 55 1) 4 WA 5% 28 i 345 4 78 G WA R
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%5 FEBEMENT C(AE)+3r-Fe>Fe,C B R B H i AG
Table 5 Gibbs free energy change of C(graphite) +37-Fe=Fe;C at different temperatures and pressures (J/mol)

- p/(GPa)
1.0 2.0 3.0 4.0 5.0 6.0
1200 —2024 —3958 —5788 — 7527 —9180 — 10757
1300 —1929 —3270 —4515 —5666 —6734 —7725
1400 —1715 —2401 —2785 — 3476 — 3883 —4213
1500 —1391 —1342 —1190 —946 —617 —212
1600 —994 —85 877 1930 3069 4284
%

(1) Bk S m RO A S IHAE 1200 K VL E A B2 AREEZE pT X% p, (GPa) =

1.038+0.00235T(K) .5 F. P. Bundy V-7 28 He 8 42301 o E B A 3 223 8 ik nl 47,

(2) PR i 5 B W A 72 < M T B2 T, A7 R Fey C IR, T AE & Bl EE A5 A s

HIEE N Fe; C=>CCRRIA) +37-Fe [N A i AEFI A1 82 =4 NI A7 B9 AHZE [ i BB Xy S E L (H AT L
Ja A L X B R X UL AT AR S A o WIRTT 22 MR TR L Fey C TR IR 1 41 S8 56 72 T 42 W
AT ER T B A, A NI B AR KO TR T Fey C 9 43 1 A 2 47 B8 00 T 452 55 78 AT 0F — 25 B0 IE T
P 7 IS BT AR B R S5 8
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Thermodynamic Analysis of Diamond Growth with Catalyst at HPHT
XU Bin',LI Li*, TIAN Bin’ ,FAN Xiao-Hong' .FENG Li-Ming'

(1. School of Materials Science & Engineering sShandong Jianzhu University ,]inan 250101,China;
2. School o f Machinery & Electron , Hebei University of Engineering s Handan 056038 ,China;
3. School o f Materials Science & Engineering »Shandong University ,Jinan 250061 ,China)

Abstract; The diamond growth with Fe-based catalyst at high pressure and high temperature(HPHT)
was analyzed with the determinant method of AG<CO in thermodynamics theory,and the changes of
volume with temperature and pressure were involved in the calculation. The results show that the
Fe;C phases have been formed before diamond nucleation;at the temperature and pressure range of the
diamond synthesis with catalyst,the Gibbs free energies of Fe; C=C(diamond) +3y-Fe and graphite=
diamond are all negative,but the former’s absolute value is much larger than the latter’s, which means
the former will take place more easily. Therefore, from the viewpoint of thermodynamics the forma-
tion of Fe;C reduces the potential energy of the transformation from graphite to diamond,and the dia-
mond crystal growth with Fe based catalyst comes from the decomposition of Fe;C instead of the di-
rect transformation from graphite. Moreover, the p-T (Pressure-Temperature) equilibrium of p,,
(GPa)=1.036+0.00236T(K) was gained,which was closer to that presented by F. P. Bundy. There-
by the thermodynamic calculation used in this paper is feasible.

Key words: HPHT ;diamond growth;catalyst;carbon source;thermodynamics



