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tholot2= 7] 4ol Fege] saF Ao M He-CHy, Hp-CFy, Hy-CHiCl X Hp-CSpA) o) b2 2ol i}t
A3ty Hyzgol Ak Adx W dadaErt Ak A HEYHERA 714 BT ohe
aAge T 249 Wste ALEAL Yol ol L we Hoyde] FrE HdE fA sl
A7 a5 oF 2,000 K 232 vrebstrt. Hy-CFy R Hy-CHsCl Al ol A= HF o HCI 3 Aduh-go] A3z oz
FE A vebdel S AN EQY AL Tde] HYxALe x| EA fFo) MY 2A JEe P

Ao viepgch

Abstract—The thermodynamic equilibrium compositions of He-CH4, H,-CF,, H,-CH;Cl, and H,-CS, systems
used in the vapor-phase synthesis of diamond were calculated as a function of temperature in the presence
of excess H, gas. The composition changes of solid-phase graphite as well as gas species were also investigated,
when oxygen and nitrogen sources were incorporated into the systems. It was proved that the reaction
temperature to maintain the maximum amount of C;H, and CHj species in the equilibrium compositions
was about 2,000 K. In the H,-CF, and H,-CH3Cl systems, the formation reactions of HF and HCI were thermo-
dynamically favorable. The equilibrium composition of solid-phase graphite reaction product was affected
most strongly by the presence of oxygen sources.
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Fig. 1. Chemical potential of carbon in methane, diamond,
and graphite[8].
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Fig. 2. Equilibrium mole fraction of (a) Hy(99%)-CHi(1%), (b) Hy(99%) CF«(1%), (¢) Hx(99%)-CH;Cl(1%), and (d)
H2(99%)-CS:(1%) as a function of temperature at the total pressure of 0.135 atm.

3. 4z 3 nE

Fig. 2+= (a) H»(99%)-CH,(1%), (b) H,(99%)-CF,
(1%), (¢) Hx(99%)-CH:CI(1%) % (d) Hx(99%)-CS.
(1%) #HetzAd& Ze db-gAel dsled gHEHe] 0135
7ot W} whg2mo wE PHEARNE HAFT
ol A4t Aol 2R 4SS FAle] malE WA
EEo] Hi e =) M8 Askdch ddyE
slatzabyol 4] HepnlEe] Lx of 2273K A=
f219nh of 2273KE 71Fo R a4 AW #3Ee
g vwusl 24 (a)9 A% H GH, CGH % CH;
ol 02 (b)Y 4% HF, H, C;H; ® CH 59
208, (0)8 A% H, HCL, CH, Cl 59 2.2, (d)9
74$ H, CS, SH, H;S %2 22 77t vepgch 7}
2lg2a CF, % CHiClY &2 slgEg A
7% HF % HCl 8Ade} ofF frejahA dold = ol
o0

e

= spute] gl Fadate) 49
3 SP AE stof SP? AYE 2E
O

Tele] 448 B FAL tholohEE Nr $HHOE

si2t28t M3z m6dE 19944 123

A4S WezH thololEE Aol sledshe Aoz
el SleH17-21]. delolgs Ealel 2YY Fa
QA 9139 FadAel o FAAL wige
24 ERS G A thololB s A4 5H81E (grow-
th species) <l ®d % oldgal 22 Sof wakpa
srize] a4 ol Al AFsH Dok vl
F 3 Clo] #olale A4t Fig.29) (b)sh (oA
no] 22(F) % A2(C) A7} 247t dolojrE
Aol AR $aus) Agsle HF 2 HCLZ @
HeE Bysbge] dejso feie ¢ 4 9l
o} =3 CF-H; Al 2 CHiCl Al A= A& 4% HF
% HClo] §4sm, 2 B8 FE& vg-sade 4
42 S5 wep 23 olelaie} 71He] o Jol Fed
@ ez 7. ol dkfade g2 s
28 A £ o9 g gEAL T
DG EL ol faje] W B LA ThololE
=% FA471%E A3 WG ol she ol ¥
% gl

Awrd e 2, tololEg AAATE Whgel el
s 3arEe oY % ol g el gl e}



dyeidE spetFabyg 0] 43 thololZE Al FyxAe AL 805

Partial pressure (atm)

|m|&n|én|&nmzzhoz4hozémz§»m
Temperature (K)
(a)

10°

104F
10°

Partial pressure (atm)

\j
1200 140" 1600 TH00 7000 T00 2400 T00 2800 3000
Temperature (K)

(©

1 d
10! L] —
s . HE /

3

(%]

3
=

g
—-

H,0

Partial pressure
3 3

GH
4 s

3

H

|m1m1éo|slwzobozzhou'ooze'ocza'm:om
Temperature (K)
(b)

]

3 3

3

3

2

Partial pressure (atm)
g 3

3

/

. : : " 1
1800 2000 2200 2400 2600 2800 3000

1200”7400 1600
Temperature (K)
(d)

Fig. 3. Equilibrium mole fraction of () Hz(98%)-CH,(1%)-0:(1%), (b) Hx(98%)-CF4(1%)-0:(1%), (¢) H2(98%)-CH,CK1
%)-H.0(1%), and (d) H2(98%)-CS;:(1%)-0:(1%) as a function of temperature at the total pressure of 0.135 atm.
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9 HCI 3}3H59] oke 9oz oz 44 EA f-5Fole
Ao FAFge & 5 Aok = FA29AY ke Fig 2
2 30| 4] B0 AU R BEES F7 Y A Ea)e)
7} d%e uiA g3 w2k wel mEA 7}
s e 4 F Urkh ol SadErA @ Ay
27146 vlE 471 s Ealshs tololEr
A3 =A(F 9% Hy) Wo2 sjAsgic

Fig. 4= Hy(98%)-CH,(1%)-N,(1%) Al 2] 0.1357]}
slof| 49 b3 ol W2 FY2AE BelFt) Fig
29} wimal B o 1%29] AAFH/Hs delolEE 4R
318}l CoH,, CoH, CHs9) o] 4= ul] wlop g o
4 st ol wslgA gl gte] A AIAbe) 9h-E-3le
CHN, CN % GN 59 33t3e y437] 482
A zbsic). weha, chelol2 e etz e uhg
Zlel F949 71V W7 717 e Ee] e
e doddtEql B4 B o clololg= upat
g Al & UeE & 5 AUo24, 251

Fig. 5+ 7} db-g-Aloll A 251 3le] w2 widajo]zd
(A) 2 o= aA(B)9) WstE RojFch 4k} Fod
3lx) ke A vy 2 otMddl o) 59
Apoli= CS, 712 El AFE AYslies & Fo|E
Bol|x| etotch dgewE st F o4 Halmle &
Ez79 2000-2500K ¥4 7|£22 % a9 CH,, CHy
Cl % CF, 712489 A% % CS, 7HEUEd 35
ka7 Arbgel whet zhzb a2 oF 10%] 3
o 10%) ZHAE gz, obAld Aabe] 2 <F 10° % 10*
ol ZtarsE AL AAY £ Atk ol 4k Aol
wat CO 2 HO shahEo] A Ado] ksl 2| 7] o Fo]c}.

AdmrH o g tiololRE AxbsialEql e Y o4
dalzgoz oA delt L2 et Z B} £

sisiESt H32A Hed 19944 128

1073
104t
105}
106}
107
108L

Partial pressure (atm)

109} (C_)
12001600 2000 2400 2800
Temperature (K)

(A)

103
104 |
105 |
108

(a)

Partial pressure (atm)

1200 1600 2000 2400 2800
Temperature (K)
(B)

Fig. 5. Effect of the presence of oxygen sources on the
equlibrium mole fraction of (A) CH; and (B) C;H,
species. (a) H3z(99%)-CH.i(1%),H2(99%)-CF4(1%),
H:(99%)-CH;3Cl(1%), (b) H2(99%)-CS2(1%), (c) H,
(98%)-CH4(1%)-01(1%), H2(98%)-CF(1%)-0,(1%),
H3(98%)-CH;C1(1%)-01(1%), (d) H2(98%)-CS2(1%)
-0:(1%).
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