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€3l 23 F (Zirconium carbide, ZrC)& Hola% ®3E2ZA =

= A5
(high hardness), I§%(high melting point), <& A7

flo

A E X (electrical

375 (high strength)s9 5% 54 w&el Azl Al

W22 $8F § g} YRR B3 EA Mgzt 2 AH3ES 7] A9

ehae] o] Akstek: Ao} Zre] AstE Q¥ A =2FYol (Zr0y)e] YA OoE F§
o A<k v} [11. Table 19 ZrCel ubEql EA & vehiglel.

conductivity) 2

Table 1. Typical Physical and Mechanical Properties of Zirconium Carbide.

Density (g.cm™) 6.73 7 6.78
Fracture Toughness Ki. (MPa.m"?) 2.8
Bend Strength (MPa) 990
Hardness (GPa) 24.4
Electrical Conductivity (Ohm.cm) 78 x 107°
Melting Point (°C) 3400 ~ 3540

HEAL B3hEQ B3 2(SiOse 2, ZrCe oH7A Z9dez 3
AT AEAE FAE ZFA, A Fokd HE sted AEeld. Field
Emitters® A2 4 3+ £384 A2 S AU g2d, A= TRISO YL]
A ddmE HF UO: 9A AE5ARE B2 A7 AP Folrt. =3
< TFEAREAY HE& 7heAol &e] dFEHZ Job. 53 3ol =3, €457
M @Al an, 2B Hstrh 7] Wil 2200 T 3000°C o] LA A
€=+ burning rocket engine A&y Aks}Hlz] I"® o] ¢l Ak T AR
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ol 2A GFE A7) WEl AT AFA] AL A IZFE 27 4
T IZHTA NEE A E9HA ALFFLE O TS AFRIAE A
A ek @AZA L&A ZrC-TRISO A EY7 48 AxE AT ZeC 3153

=

2 A NLAE ddd AFAVE 2EHAY AL Fe doh AR LEA
HEHD ZrC ATARE T Zr-9ol ded, d9 F

process, chloride process 2 bromide process7} /&= g}, 2+ T4 AT

=< ool B2 ssich.

2-1-1. Chloride process [5]

0=
olo
o
£

7ZrC == 7ZrC-C E3A|E Zirconium halideg} $4:313E 7]A ¢}
AlZzsteiw dubE o] ol ] Ao wllA] Hb-go] dojdr].

Zr(l,(g)+CH,(g) = Zr((s) +4HC(g)
Zr(,(g)+1/2H,(g) — ZrCl(g) + HC(g)
Zr((g)+1/2H,(g) — Zr(, (g) + HC(g)

ZrCE 33 S5+ ofle 2ow, §5d7A= WA halided] EASE
7} #$3eh,
n-2)/2

R="% H]; % Aexp(—B/T)

HC

n=4P,q, +3P,q +2P,q VP;q,

P, =szc14 +PZIQ3 +PZrClz



ZrCly & A&oAe A Aeoln, 300 ~ 331°CollA &3} stAq, A& 7}
55 717t o3k ZrCl b S HSAUE o Fde AL
o, g FAHol AEHYY WA ZrC 29 & A= Z
E ZrCLE AAstd ok sy, st WYL 3shukgS §3td ZrCLE AAs)
W3 ZrCly powderE $3HA1A carrier 7F2E vb-$7] k&R FFd=
o] 9t}
stst "bgel 93 ZrCLE A4St W2 Fig. 1 oA B vkg 3ol Cly,
CHxCl; 53 22 ubg 725 S$3LEAUE FA8tY Zr 23R4 XA
ZrCly 713& A A3}, Reynolds [6]19} Tkawa [7]59] Hire] 93t o] Hye
2 ZrCE 5% AZ 7% Carbon-Zirconium carbide composite’} ZrCe} 37
2 "Ady B3 gl Zr reactors AHSstY Zr 2FEXEHRE ZriCE FF
g o] ddA ZrCe F& K1} ZrC-C alloy 388l zirconium carballoy’}t 523
25 g4 B9 ZrCE FF37] st o el 75 A.
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Fig. 1. ZrCly reactor.



Fig. 2+ ZrCLy ¥%< 32Xl ZA 34 A 35A(load cell)®] HEg
SteSALE F3FE A, WSUE ZrCl VIAE FYsis 9 EAF
B &olt). o] FAL Wallace7l AH83F Wi ez [8] Ads5e Wzdx E2YH
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ZrCly 29 &5 9 5315
|

-

AH-§3 ZrCly E2e e (87 eld v xHA)
5o wg 34, sweep 7F29] WAEE
E 9 ZrCly % AAY X4 wep ¢S i
ule} ZrCly 7+ IHH Q) f{3Fo] W3 =
H, d37) Solvte 7hE9 o|FS 5t WEEH =W ZrCly vaporizer®] &
7} WA ek wEbA whgr] WE FEE s ZrCl 7h29 s A A {43

{——=Load cell

ZrCl, vapor
to coater

———.—*Hwhr_alﬁﬂc

2 EI4 powdear

Fig. 2. ZrCly vaporizer.
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o
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2-1-2. Iodide process [10]

5 WA ZrCE FAAI = B o8 AL F3ld
o H3d AR ByHy 9. AR ZrClig °)§%
chloride —6‘7§— & A7 WS 1400°C o] oA o] Fozlt), we}
A 1400°C wlgke] e 24 ZrC ¥ S §13 iodide process7t 7EE L
o, jodide processE °]&3sH 1100°C AXQ 3 FALEIAHE ZrICE T2
+ siek [11]

Fig. 6 A8 CH3l (Methyl iodide)E 0°ColA Ars o]£3le F7]3} 3 Fo
CH3l+Ar 37125 Zr 2999 F3A7|4 ZrL,8} CH3' radicale] A Ar
I Hyb £38 7129 shdA {535 U2 T35 755 oA zrCE 533
}.
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Fig. 6. Experimental apparatus for coating microspheres with carballoy
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€ FFEA carbongl <ol Il 3} o) ‘-%”3,5101, %, 1 << C/Zr
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Fig. 7. Eeffect of changes in (a) deposition temperature and (b) hydrogen

supply rate on deposition of carballoy

2-1-3. Bromide process [13]

Bromide process— Fig. 8. 3 #°| Br+Ar 7}2& Zr 2%x|¢8} ulgL2%
400 ~ 800°ColA uH-g-3le] WA ZrBry 7IAAAS AT Fo, CHy+Hy 7F2E &
g3t 534 ZrCE 5% ]7]‘" W o o}

Zr+C+H+Br ttA £ &3gd3d o] dd9eHq &S 53t o} process
¢ dulsE = g 22 248 o % Ak [14].

1. W% (CH)Y §57F £5F ZrC 2229 $F& Z2A .

2. ZrBry 55+ C/Zr ratios 1.022 F2A7|H, ZrC-C9] 273499
ZAFE S/ dA W ZiBry, $EE 339 ZrC $& d9gd+= 2

N
1C $F 492 3 7129 Y2 A 99 24 EAZc.



Hoe ZrC-C9] 249 F&QHGAA carbon® AL AL ZrCe

2% 37k A AAW HRe] 2C 57 ddAE 2 dFE FA
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Fig. 8. Experimental apparatus of the

bromide process
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the deposition of ZrC/C (C; : free carbon) and (b) a map of deposition

products.
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AT FoNA ZrC A5FE AT Zr-AFA ] NF
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o] w}2} jodide process, chloride process,

1. Iodide process : 1100°C¢] @& XA ZrC $&E5Ae] ¢53a HE
¢] hydrocarbong FH3 F2 ¥olE Hcke FAZe] Aol AT, F
239 et 2AS 45 dde =438 S Ad FTAH|
t}.

2. Chloride process : @2 A9 ZrC & 47 Sl 713 o] A L5 =
ol skAIk AA FAAZNA LA Zr-chloride 985 $3A7 &
el FAAY FHuE FILEY FFHe] FAF eI ojfi . 9
g4 gl ZrCHFS Kl carballoys o] £33 AAZASF F3AL si=
ol A 3}3}ct.

3. Bromide process : C/Zr ratios 1.0914 Zr-C two-phase region7}3]
g A4S 4 5 do 2L HRY ZrCvh W 1§ vt 24
ddel A EAFLE vz HGA s EH ZrCE 25 & YA,

F57tEE AHgshe 2ol Sl
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sy
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2-2. A A A o3 FHAF A

LY

2-2-1. INTRODUCTION

e Ry QTN el A shx 43S Testel 2944 9IS
m&ﬂ%ﬂ,l%ﬂﬂ‘%%ﬂhwﬂ**“lmﬂ‘#%—%%iﬂ%:é%ﬂﬂ7 o1
A A e o P 24 YA ALE Aol AP =Y BeA

o] dFH G, ol g A7 A

Al AfrelvzE &35} ﬁﬁ&ﬁ% AxgE el 7] Zstd
SOLGAS programe] 7H'&=] o] o] }7|AH ¢} &4 545 AAst= A a4
Hgstgde.  z2EY AAlY  aACAE wdEdE A Aol
immiscible melts7} EA8t3 o] SFHAY AL &5, ¢4, 729 A

} EAlst= A HI & AR

3}7] H %}04 SOLGASE #&#3 SOLGASMIXe| =gt o] &AAA 4A
¢ 4E g ol dAF RIgHE HI & AXSFES £ B9F
SOLGASMIX-PV7} Al&ste s gk, o] Z2IfqAE Hd 209 L%
o} 9971¢] 313t 9 107119 EFEe o FF A xe] shsstit

SOLGASMIX-PV 7|%5<& 8934 &3 2},

7t Fol% systemelA free energy’t 7b3 ¥& d9dd Pz S AL

2 % 9

-

t}. Thermal CVDelA FZ o] 7p5g whg279 WIS ANT § 9}

t}t. 53 7| w2 Thermodynamic yield®] H3}E #AA & § it}

2}, w2bA CVD process?] 7 AA 2 A3} {4 o
ot

2-2-2. SOLGASMIX<9] 93

ALY W= 2 AEReA doR & = EE 259 €93 data
x

g o] 43 AfreluR7t Havt He

O Basic Equations



Aol F Aol Y A (total free energy G) :
G=2xg=2x{g+RTna,)

i : chemical species

X ; * number of moles of ith species

&; : chemical potential of ith species

g?- : chemical potential in the standard state
a; : activity

171¢] gas phase?t g/N¢ liquid, solid mixtures 33 s pure
condensed phase® TA¥ systemolA] o]AH ZASE AAsGS w, 2AH

>

system 3|4 dimensionless quantity p7T =

Zi ﬁxm &= )m—l—lnP—l- ln(—L)]

gt1 m, +1 m,

Z 21 pz ( )pz"’ln(_L) zzlxpz( )pz

D phase

X p;i : pth phasel )+ ith species®] &4

Xp : pth phase®] % B4 ( X,= ZZIXDZ‘ )

a;= P("¢)
p=1 for gaseous phase, % X

X

p=2 ~ q+*1 for solid and liquid mixtures, a;= X

p=q+2 ~ q+s+1 for pure condensed phases, @;— 1



G/RT = F(X)E ¥3, FX)E initial amounts Y = (¥1, Yo, ...¥,) A
Taylor series® A 7)]3s}4,

g+l m, V.
Q=) + 31 3o In(Gle—v)+
=1 = »
] i X X,
2 leZZEIyZ( y;‘ Yp
gts+1 my 0
g .
+ p:Zq+2 zZl( RT) pz‘(xz’ yz)
0

_ g
( Cpri— RT Y lnP, mixture?] A% P=1)

o] 7] A o} €] Mass balance conditions %38l of sl=dl,

=1 ;1”17%1”: b (j=1,2 ..1)

U »; * p phase, i chemical speciesdl 9+ j94&9] 7|4
b;:jaxel % &5

[ : systeme] EAtE £ 9% 279 &

Mass balance constrained minimum< T+3}7] ¢4+ Lagrange MultiplierE

Apg-3he] of T,

f(x,v,z), g(x,v,z)7} continuous partial derivativesS 7}A|3, 7} gol

constrained® 7 %

Vf(X, v, Z) = AVg(x, v, Z) , g(x,y,2)=0

o] A& w3l ), x, ¥, zv ¢ maximum or minimum value® T4 3t}.

Lagrange multiplier® G/RT = F(X)¢] mass balance constrained minimum
valuegs T34,



7T; : Lagrange multiplier
= pure condensed phase®] 7%

/
g
(RT) i ]Z v ZnJ_ ( p=q+2, q+3, ..., g+s+1 ; i=1) (1)

= gas, mixture?] 7%

Yoo X pi _a l
[Cpl-‘l‘ ln( Y )] +[ Y oy Yp Z U pij— ( p=1, 2, ..., g+1

b
)

/
R fpz+ypz (_2) Z pZJ (
fi=yhlc -+ln(M ]
pi = Y pil C pi Yy, @

— p phase®] EE i W3}l summation

My

/
]Z zly 2tV pij = 2 fﬁz ( p=1, 2, ..., g+1) (3)

initial amounts Y = (yl, Vo, .. .yn)7} mass balances FTFAIIEF 3§

correction term

e

correction term¥} (2)2)& mass balance condition®] ¢



g+1 qgts+1m,

g+l 1
pzlkzl BT Z[(—) IEUmyn+ > vayn

p=q+2 =1
qgtlm,

:le Z.Zl:%‘fi_cj

(4)

Y ik = Z(Upz; pzk)yﬁz , (j=1,2,..,1)
(4), (3), (MANA ( I+g+s+1 )7H€] linear eq.°] FHEo] %I}

@ — unknown quantity 7T; 7N, (X p/ Yp_l) g+17l, pure condensed
phase X ,; s7H¢] AXte] 71§
— gas, mixtured| A8 X = (2)e]A A4

= free energy s &= 3te A X ,7F BF A4E.

© Iterative Procedure

- initial amounts Y = (yl,yz, L V)0 st Qew X s AELF Y
2 3] oA X 55 AARR
- Ax" x 57 IO_ZOEE} Zrom t}& jterationX zero® F F3t,

- (Xﬁ/ Yﬁ—l)ﬂ- 10_834 2o jterations FoH3tc}.
O Handling of Condensed Phases

- IterationA] 2] ¥ 1 9+ condensed phases°] F#3}le] Gibbs phase rule

- 49A8¥ TE LS F, ZeEHA 4L mixturedA] 3EFESA A

hypothetical activity test 43

Ina,=—(g"/RT);+ Xv i

o] activity®llA] AlAF® mole fractiong® §°] 1Rt} 39, mixture= thA



SEEEER

- pure condensed phase®] ®3}e] hypothetical activity testE 43}

O Basic Thermodynamic Data

- system®] total free energy? AlAtS $J3|A = (go/ RT) i data’} B 23}
t}.

&L _ A6 4
@ RT RT T

: +J%+ ct+dT+ eT*+ finT

A fGO : reference statedllA] YE2EZHE 35138F WA 23 Formation

free energy

. g’ _ GO_H%% + Angqs
i) pT RT RT

4 nggg : 298K reference state®l 4] ¢] Heat of formation

- G'— Hg%% heat capacity°lA A48
— SOLGASMIX-PVIlA = (i)& A&

©O SOLGASMIX-PVel|A¢] JANAF Table 7A

- chemical species®] 3}3}2]

- chemical species®] phase

C,=A,+A,T+A,T*+A,T°+ A; T
- low reference X4 <] Al’ Az, Ag, A4, A5 43

- high reference X4 2] Al, Az, A3, A4, A5 4



- low reference & X9 4 2] reference enthalpy, reference entropy %t

- high reference &X%94]¢] reference enthalpy, reference entropy %t

: SOLGASMIX-PVE ¥ &5 FZelA el C, fitting data® A&



2-2-3. SOLGASMIX-PVe] A3}

< SOLGASMIX-PV &£9] ¢ >

- total system pressure = 300torr,

CH;3SiCl5 input fraction = 0.01<]

CH;S1Cly— H; system@lA¢] Equilibrium mole fraction

SPECIES TEMPERATURE ( °K )

1000 1100 1200 1400 1500 1600 1700 1800
sic .78E-2 .91E-2 .96E-2 .97E-2 .98E-2. .98E-2 .98E-2 .98E-2 .98E-2
sicl +43E-13 .25E-11 .61E-10 .76E~9 .57E-8 .30E-7 .12E~6 .42E-6 .13E-5
sicl, +«37E~5 .iSE—4 +37E-4 .63E-4 .85E-4 .10E~3 .11E-3 .12E-3 .14E-3
SiCly +11E-3 .13E-3 .90E-4 .53E-4 .29E~4 .16E-4 .90E-5 .54E-5 .38E-5
SicCl, <16E-2 .39E-3 .71E-4 .13E-4 .25E~5 .S57E-6 .14E~6 .45E-7 .17E-7
SiClH5 +35E-3 .26E-3 .17E-3 .10E-3 .53E-4 .32E-4 .18E-4 .11E-4 .80E-5
SiCl,Hy -15E-4 .12E-4 .73E-5 .39E-5 .19E-5 .37E-6 .34E~6° .31E-6 .21E~6
SiCl4H .35E-4- .18E-4 .71E-5 .25E-5 .89E-6 .33E-6 .13E-6 .61E~7 .33E-7

CH3SiCly| .45E-8 .12E-8 .27E~9 .73E~10 .23E-10 .85E-11 .37E~11 .25E-11 .19E-11

CClH3 .17E-8 . .21E-8 .23E-8 .28E-8 .37E-8 .S53E-8 .74E-8 .99E~8 .(l11E-7
CClHy J12E-15 .12E-14 .31E-14 .79E-14 .18E-13 .46E-13 .10E-12 .21E-12 .35E-12
CHy .16E-9 .74E-9 .28E-8 .99E-8 .33E~7 .10E-6 .29E-6 .71E-6 .14E-S
CH, -21E=2 .82E-3 .38E-3 .23E-3 .17B-3 .15E-3 .13E-3 .12E-3 .10E-3
CoHy .46E-11. .57E-10 .50E-9 .43E-8 .35E~7 .25E~6 .16E-5 .(79E-5 .27E-4
CoHy -78E-9 .12E-8 .20E-8 .42E-8 .99E-8 .25E~7 .62E-7 .13E-6 .22E-6
Cl .79E-10 .10E-8 .82E-8 .45E-7 .19E-6 .69E-6 .21E~-5 .5S5E-5 .13E-4
Cl, .14E-13 .17E~12 .11E-11 .49E-11 .17E-10 .52E-10 .13E-9 .31E-9 .66E-9
HC1 «22E-1 .27E-1 .29E-1 .29E~1 .29E~1 .29E-1 .29E-1 .29E-1 .29E-1
Hy .99E00 .99E00 .99E00 .99E00 .99ECO .99E00 .99E00 .99E00 .99E00

- CH 3SiC13 — Hy systemel 49 Equilibrium mole fraction

1 H
o |- Ho
2|
10 sic
CHe
107} sicl.
.| sicihs
—10 St
S .
= SiClsH.
9 10° |-sice
=
- ,6¢ |- stz
jE N )
S .7
=10 |
ol
MTS
8 o0 fcans
= CaHe
o 450 CcHs
ct
10"
CeHz
107
10°H
sict
10" ce
1 CCL?Hz 1 1 1 1 1 1 L
1000 1100 1200 1300 100 1500 1600 1700 1800

TEMPERATURE (K)



- CH 3SZC 13 —H 9 systemo] 4 ¢] Thermodynamic yield

100

o——0——0

o——0——9——0
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704+
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[e2]
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2-2-4. SOLGASMIX-PVE o] &

zzrel Zr AFAR ZrCl, ZrBry 2 ZrLE 243 3¢

2 33F & Table 29 Yehy gt

S )=
gt 74

o
ne
12
%
ot
ot
2,
r>v
=2

Table 2. Chemical species considered in the thermo-dynamic equilibrium

calculations.
System Chemical Species
Condensad Phase | CUIGR), CH,IL), CHGL), Zri&), ZrB), Zrl), ZrC(S), ZrCil),
(9 species) ZrCl Ly
ZrCl,-CH,, €, ©C1, CCly, CC1, ©Cl, CH, CH,, CH, CH,, CHYCI, ©, €00,
Gaseous Phase CH, CH,, CHy CH,, CHg G, ©, N-CgH,, I-CH,, G G,
(44 Species) M-CyHp TCiHp Cp CaHg CHg CoHy GaHpg MRGHy,, TCH,
O-Cy oy, Ty, Gl Cl, H, WL, My, Zr, ZrCl,, Zrcl, Zrcl,, Zecl,
Condensed Phase Brill GCOGRI, CHG Ly CH gL Zral, ZrBh Zr(l), Zr(5h
':';' E-F"E“'CI'E"E} ZriciLy
Irﬂ.rq.EHq Br. Bry, C, CH, CH,, COH, CH,, C, CH, CHy, CHy CH,, CH
Gaseous Phase Gy, Gy N-CH,, T-CHy CHg Ty NGy T-GH B G
[dj =:|.'||.=:|.‘:|t':.f:':- l:‘:l'nHi- I:.":l'l_|l'll EIHI-E-' H l:‘-‘:I?ll_lll'l-' [ Ir"“"l‘l"'ll‘l-’ I:I l:“.\'ll?|-|'i" I:I.?Hlﬂl H' |_E'r' H?\-'
Ir, Zer, Iy, 2B, ZrBr,, CBr, CBr,, HIr
Condensed Phese COGR), ToHIL), G H 0L, T, Zria), 2Bl Zrily Zriis),
(9 spackes) ZroiLy
er_l-CH4 C, OH, [H,, OH,, CH,, Cy, CH, TH,, CyH,, CH,, CHe CH,,

Enecus Phase
(40 species)

D MeH,, [0 H,, S, Sy MEHy,, [EHG G SH, S
C:I‘HE- I-:|u|"|:|-a|l N'ﬂzHu- I-CJ_'I.!' :"r;uH:l C:I.EI-.:I.D' H, HI, Hz- L ]:-
ZIr, HZr, Zrl, Zrl,, L, Zrl, Zrl,




Figure 11, 12 2 13& zZ}z}e] FAE=ZE Al4tg 25357} w& 3359 3
¥ 28 &E SOLGASMIX-PVE o] §3te] Axsta 22X wet plotdte] vetd
Holct. JAggAist EAA] 93 ZrCE A7l $159 a (Input Gas Ratio of
H, / (Zr-source gas+ CHy) ; (Zr-source gas = ZrCly or ZrBrsy or Zrly) %<
ZrCly ¢t ZrBry A2 A= 1600°C o] &9l 4 500 o]de]ejof & & & o).
=T Zrly AZ=Hel A= 1200°C o] 3l A RS & & doh

o
1

Hy / (ZrA A +CHy)
Zr / (Zr+C) in input gas

=
1]

ZICI-CH_H_: P=1atm, p=0.5

Carbon
1.’:'— [ ] | | u L] ™ 1
. 3 T i |—w— Hao H.
0a 4 .—'—'_'_'_'-F'V 2
] —— =5
e 08 / —k— =10
2 07 4 A ~ —¥— =50
'E ] / —4— @100
E 05
o ] \ —a— =500
E 05 /w —»— a=1000
04 4 Zrc
E ]
= w —B0— Hia Hﬁ
|= |:|3_ a
I-E - / =
= 0z
oo >_<-°' —— @50
oo 4 _iq.i& | o :pd —<— &=100
. —<]— @=500
il — — @=1000

T T T T T T T T T T T T T T
1373 1473 1573 1873 1773 1873 1973

Temperature [K)

Fig. 11. Effect of the input gas ratio (a) of Hy/Zr-source gas in
ZrCly system.



ZrBrCH -H_: P=1utm, B=0.5 [Corpon
1.04 —HE— Mo H:
N ,——A —i— L]
- —dh— =10
c 084 —¥— =50
.ﬁ 07 —#—a=100
] —d—@=500
ﬁ °5 // — — @=1000
E 5.5 Zrc
E 0.4 —oO—HNo H,
| — & — =5
& "] —A— =10
5 01 — 57— @50
g o1 — o — =100
0.0 : —<]—@=500
. — —@=1000
01

T T T T T T T T T T T T T T T
1273 1472 1573 I6T3 1TFE 183 1973 2073
Temperature (K}

Fig. 12. Effect of the input gas ratio (a) of Hs/Zr-source

gas in ZrBrs system.

Erl‘-EH‘-H! : P=1atm, p=0.5

1.0 4 . . 5 x ; = Carbon
S il —=—lloH,
. ] r:/: _._u=5
e 7] . —d—a=10
£ 05 i —#—a=100
E 05 , —d—a=500
04 ] —p—a=1000
E 1 Zrc
B 031 —o—HoH,
oo — —s— =10
00 #————H——p———— || 7250
] ——a=100
-0.1 1 1 11 T " T °T T * T 11
1073 1173 1273 1373 1473 1573 1673 1773 1873 1aye |~ —a=500
— —a=1000

Termpersiure (K)

Fig. 13. Effect of the input gas ratio (a) of Hy/Zr-source

gas in Zrly system.



2-3. ZrC &AW SFI7E 2 duAd 23
2-3-1. ZrCly sublimation %3]
Figure 14 & $35+

(sublimation)ste] Y S FAIJFESF 2t ANER Az olc}.

Ar gas in

!

Heating

Vessel 1 Vessel 2 ‘ Reactor
’Needle valve

. Throttle valve

Bypass
ZrCl, source P

Fig. 14. Schematic diagram of ZrCly vaporizer

ZrCly %< SAXEE 7MY, FAISE vessel 1 WH= ZrCly 3712 A
A H3, vessel 1] W ¢Hd vjgt ELE WHy} AFoE ZAF o vessel
2% 5717} o] F% ). Vessel 2+ &2 428 7149 ZrCly 7h2=7o] EA5HA
3, 43T T4 ZrCLe LA e WS ¥AsA "
Vessel 2 W¥-9] T7j= AW WHe A= 329 dad YR o5, ZrC
S-S0 dojdet. £ AFA T2 FLIAAY ZrCly F71%e] 2H L v
T FL8Y RS, ZRA VIR dAFAE A (XEs 2 FAE ¥
A%5) 9 FFFE A Ao Fig. 16& £ dFA A48 ZrC i%"%‘”]q

t}. A¥l= L&W-37), ZrCly vaporizer ¥ WHE7FE FERE FAE 9



ZrCly vaporizer

Fig. 15 ZrC Z¥An)

2-3-2. Disk¥ 7] %% o] 48 ZHduAd 2 =4 B4

2 ZZou A= disk el graphite 7] FHE AHL3te] HFEL 5 1300
~ 1500°Ce A ¥FEAIZH2 30 ~ 180 ¥, ¥HS JtA2E $£4, 42 2 wES AE3)

d32, Ztzte] AP Fo g FHEAS golr i},

Table 32 &34 W5 FH & fstd 39 quAdde FF=xHAE 29T
Folth. Egdeg 3 substrate® o] &394, a (=Hy/(ZrCl4+CHy)) = ] B
=7r/(Zr+C) in input gas &+ 0.8, L5+ 1400°CE A3t 10 torre] |-
gl A ZrC 2R S F3P 53

o] AL,

Table 3. 3 AW Tl & ZrC & AJ &

Sample 1D @ p TIT) Pltarr)
Z-01 4 0.5 1300 10
£-02 4 0.8 1400 10
£-03 4 0.8 1400 10
£-04 a 0.8 1400 10
£-05 2 0.6 1400 10
£-086 a 0.6 1500 10
£-07 a 0.6 14["3 100




Figure 162 Z-08 A3 W3 XRD ¥4 ZAFo|c}. 71H4ql graphite? peak
o] #&s| 3, ZrCe peak’} EAF At ZrC Y F9] YA A% Ao APz

AL o Wad wepy 2Ex|v, 53] ZrCly o & weiA wgr]e] 25 9
T ol Wevh Ak AR = V12H Z”WFT IS AT IAES FHE
A A7V AY Folw, ZAz7e] Wy A7 Ao xZe] P L7 ZrC
R+ FAs= A FAL FFE Tol 22 & Jdh Fig. 172 Z-069
ERA D ZLF v TRt ZHS FAE 12 im X, 71F°] =
AL o] AL EFE ¢ 5 ok

Z-08

rC

800

o0
N O

600

400 +

(111)

Internsity(cps)

200+

20

Fig. 16. XRD pattern of ZrC coated surface by the CVD
process (Z-08).



1 BN et T I O

Fig. 17. SEM micrograph of coated ZrC cross-section
(Z-06).
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