JAERI-M
82-098

Pd—SiZO#E 122 E & SiClg D Pd
i

1982487

AN

B X B ¥ A B R A
Japan Atomic Energy Research Institute



JAERIM b= b g, OARE- DB A Tl S L T B L1,

/\{»mmﬂ iz, OAE - I R TE e 5% Ml i x';n’-f#-"-i‘— (T 3191 Lok LT 1 o
R BT %H Lz L RSB, Al N3 BYEE AR LR R e Y
CT319 L SR s ARG A SR T B ERIND TGS L A ESRG 2 S DA - T
B FET,

JARERI-M

reports are issued irregularly.

nyuiries soout availabilivy of the reports should e addressed 1o Informasion Seetion, Division
Japan Atemic Energy Research Instiiute, Tokairura
Tharaki-ken 31911, Japan.

of Technical Information, Naka-gun,

C Jepan Aromic l'jrmrU\ H( 30 drfh Instizute, 1982

HIEHTETT B A BF T
r3l ] Miwn B o R




JAERI-M 82-098

Pd —-SiZo#NFHAHE L SICEO PEE

B A F 28 FURT B B A MR T2
AN {iot

(19829 7TH15 %)

HEAREHC T SiCEOPIBAERGOBITICIE, Pd—Si —C ZSiRHoAFENEEIcRY
BHIE AR T EMTER G, AFETE, Pd —Si ZnRkico0T, EHEOEROBH L AL
I ERA A S LSBT, BADT UT L« s AL OERBERE L. Ch bR
%641, Pd-Si~ CEnEORTENETHERIL, 18 00KLTTHE Pd—Si AP D
COBMERERTESCE4R iz, $72, SuRRaEN4E, 167 1KEE, 1343~1671
K,1343KMT®3@@%&MowT%MLtOcﬁtf%%ﬂtii%%%ﬂ%%&m;&c
BOPd BAKIGKOVWTERANA 7, Pd MARKSE 1 343K (10707C) BLTERAK
LofE®, 167 1K (140070C) BLETMESNSEEA NS,



JAERI-M 82-098

Thermodynamic Properties of Pd-Si system and Pd attack

on SiC coating layer.
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.Ih Qrder to analyze the Pd attack on the SiC coating.
layer of coated fuel particles, knowledge on the thermo-
dynamic behavior of the Pd-Si~C ternary system is indis-
pensable. In the presenﬁ study,_thermodynamic préperties
of the Pd-Si system were discussed; the free energies of
formation of the liquid élloys were expressed in analytical
form and the heats of formation of the silicides were esti-
mated. Rased on these results, the thermodynamic behavior of
the Pd-Si-C was considered; it was shown that the solubility
of carbon in Pd-Si liquid should be negligibly small below
1800K. The ternary phase diagrams for the temperature ranges
T21671K, 1671K2 T21343K and 1343K2 T were predicted. Em-
ploying the ternary phase diagrams thus derived, the process
of the Pd attack on SiC was discussed; the Pd attack will
become serious above 1343K (1070°C) and it will be accelerated

above 1671K (~1400°C).

Keywords;

Coated Fuel Pafticles, Palladium Attack, Palladium Silicides,
Pd-Si Liquid Alloys, Pd-Si-C Ternary Phase Diagram,
Thermodynamic Properties
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Partial molar free energies of silicon in Pd-8i liquid
alloys; O by Bowles et al. (11}, x by Vatolin et al. (9),
— by Bergman et al. (12}. Dashed line is calculated
with eq. (11).

Heats of formation of Pd-Sialloys; A by Arpshofen

et al. (13), V by Vatolin et al. (10) and B by Bergman et
al. (12). Bl was determined by Knudsen effusion method
coupled with mass spectrometric measurements, and B2 by

calorimetric method.

Heats of formation of silicides of transition metals (6)-
(8). The most refractory compound in each system is
selected. Numbers indicate stoichiometry: 21 for Ni
signifies Nizsi, for instance.

Liguidus curves of systems Pd-Si and Ni-Si. Experimental
curves were taken from ref.(16) for Pd-Si and ref.(15) for .
Ni-Si.  Broken linés are calculated by Kaufman (5) for
Ni-Si and with egs. (13} and (14) for P4-Si.

Comparison of thermodynamic properties between liguids
Pd-Si and Ni-8i; —— by Bergman et al. (12) for Pd-S1i,
O and ® by Chart (8) for Ni-S8i.

Solid lines represent thermodynamic properties of Pd-Si
liquid alloys, which was cast into the analytical forms
in eqé. (7)—(9). Symbols O,® and A represent the
smoothed values of the measurements by Bergman et al. (12).
Agreement between the calculation and the expérimental'
is somewhat sacrificed in the composition range Xsi< 0.3
in order to employ simpler forms egs. (8) and (9) for

interaction parameters,

Phase diagram of the system Pd-Si, which was synthesized

 from the works in refs. (16) for Xsiz 0.3 and_(22) for
Xsi <€0.35.

(v)
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Former phase diagram of. the system Pd-Si s$hown in the

compilation by Elliott (3).

Schematlc representatlons concernlng partial phase

diagram around Xsi-O.S.' The part enclosed in a circle
in Fig. 7 is considered to be the overlap of peritectic
and eutectic reactions. Considering relative positions
of AG's of liquid alloys and silicides (fig.(c)), points

‘and B-in fig. {a) should coincide to make fig. (c).
" Shape of lqulduS around X i~0.5'in Fig. 7 is considered

erroneous.

Comparison of calculated and observed partial phase dia-
grams. Calculation (solid line) is based on egs. (23)-

(25) 11132 4. Dashed line represents phase boundaries

~in Flg 7 open elrcles, those in Flg 8.

Dlagram used for estlmatlon of heats of formatlon of

lower silicides of Pd: Pd0 844S 0.166(P6581)' 0.88 0.2

D A i
(rd Sl) Pdo 758 0. 2S(Pd Sl)f% patauror N1_51;1c1des

were taken from ref ( ).

Calculated phase dlagram of system Pd-C . Calculation
presipposes ideal liquid. Experlmental eutectlc point

' is that by Nadler and Kempter (27).

Comparison between calculated and observed phase diagrams

'ofteystem‘si—c " ‘Calculation’ (detted llne) presupposes
' ideal'iiqnid Both ‘brokén and solld 1linés are from
'the compllatlon by Elllott'(3) -

g .

p‘rédi“cte"a?‘ Eefnafy bh‘aé'é -"aiia'gf'fam‘- at “3273K. ~ Solubility of

carbon in llquld is’ affected by the presence of negative

' 1nteractlon between Pd and Sl

Equ111br1um between SlC and Pd -5i llquld alloys or Pd

5111c1des - At 1773K llquld alloy of comp081tlon X i=“'

'0.37, but b&low 1671K the compound Pd, S'l are in equili-

brium with SicC.

i
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Fig. 16 Predicted ternary phase diagrams of Pd-8i-C below 1800K.

Fig. 17 Tentative ternary phase diagram experimentally determined

by Searcy and Finnie (32).

Fig. 18 (a) Schematic drawing of minimum free energy surface of
ternary system Pd-Si-C in the temperature range '
1343-1571K.

(b) Postulation of Pd attack on SiC derived from fig. (a).

Fig. 19 (a) Schematic drawing of minimum free energy surface of

ternary system Pd-Si-C above 1671K.
(b) Postulation of Pd attack on SiC derived from fig. (a).
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FOOEHE LTRDSFONT B, &, BHOEFEN&HET 2EBFORIFME GAC IR
LD, TOEEGIC PdEASEET BLEESEESAT 5", BBERBEZ T, <
AETIC SIiCBAE~D PdD BERER LTV 24, $RHARKEERALTHEN, LA L,
COBICE L THBHRRABOHB LS - T, BAODEVERELLICERE FTCLRTES
g . ’ :

W2, SICEOPIEAOEITICHET 2EREFI¥ 2745, OPd ©8iC BAENOHHE,
ORI 48 L COREMEDOHE, QRSERY SICRENFSD SiDE, L1BETHS
5. QREEEHITTO PADEREER, BLUBREED OORMEEITKET 5. FlkEEFRID
WTRRLEEORETTRAEEETH 55, BEZHSORMBHIVEORBTRIELALER
Y1 PRI R T B @ILDVTIE, Pd-Si ZTROLENLAN (Pd, Si) DEAHE
LA00CRTERNEOSZ ENBETHB, MBI, SBOWHEAEREAMAETTEILI0 ~
107% et/ sec KiETBHLTH B, BICEALTIE, SICEBOBRMEL LHITE, RISERY
BEETE DD, HL0IEEV ST BEAFFET A EBBETHH 5. Lic-T, @, Q0%
iz, Pd-Si—C %, #izPd—Si ROBNFICRE CKFLTVA T &5,

Pd—Si ZROBIEEVELFAEOAICIN TS LIFS ARV, EFEEPOERGEIRN
BohTd, Pd-Si ZRORERI-VTS, SICEDOPd BAKBEELTLELESIAZNAT
w3 Elliott DIREEREICH 260" Ik, KEHEELEMAGN-5255 (§ 2.38F) . A&HE
w1k, FALRFOWRICESNT, Pd— Si RICOVTESLAN—RER T 5H)FEE b
Lo 272, ZHOOMARBEICESVT, BEOEENLS Pd - Si —C ZohREREHRTL,
SEIETANA T, COL L TRESNAZAEREN I SICEBOPIRAERIGICELTE:
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2. Pd—Si ZOBSIFNHEY

2.1 @FLsic

BHRSSOBNEMNHEREBORENARET ARGFEL/NFA —FD—2TH 5, Pd—5i
ORI SFOREIC >V TRE-SOOREFSEET 20, BHIATHTH B, Lo, HEL
OEBEE -S1 SRRICOVTEHRFEOFEEIEL 1T TE Y ™, ZRO0EREPd -S
ROFMOBORBET S L EHTE B, THEICY - T3, HEEHERLGERVCERACHE
FOVE —HICRIF N ERA S5 A /. DVWT, BAOAHE T A ¥ iR EREI, Pd~Si
ARKERICET 3 BFOMEABRB LLA 5, FHELAMOMNSEIEE 2#E L,

22 Pd-Si AACBATR/ILF—

2.2.1  HJERF

Pd—S i ROSFEEMEEICE L TH, %%@ﬂémblgazﬁifcsﬁ&fméﬁ”Hmm
FEO—FzHE VBRI, BEOHHT AVE— « F—{d, Vatolin Sick->T e. m. { &
k0 " Bowles 5ick » T Si0+H, /H,0 S & OFHIc £ 0," " Bergman Sick->TH
BT S A A TEREICEDBOATOL S Tho0ER%E Fig. 1 B LA, Si
Oy ENEHT 2 vF— (AGg;) i, Bowles 5& Bergman o5& THEMR (—HL TN
DITR L, Vatolin 6OER ISP SELLB->T\ 5. Fig. 2 @4# (4Hp) ORIEME
OHETHB. O3B, Vatolin 5, Arpshofen 5% 6OF—siEany x —s&ickD,
Bergman 5" 7 ®F—%i213 8 0K TOEBERIGHo A —sitksbo FEH &, Ldod
HIfAd— F—yhpoBHSNbO (@R) & THS. Bergman SOHBI F/NVF— ¢« 7
gipnkhiodHe &, Vatolin &0Ho ) A —sikickd dHy LREBEHR—RL TV 5.
UL, Bergman SORIEA O Y X —# It KABERINL LD SFLAMICRKEVLDEN T
W5, Bergman 63 COA—HKEBIAT 20, BEDIC, & Xgi = 0.3 5 THI60]/ ¢
—atom *K SFEL TV B, L L, —ARCEHE « A bTAS0ICy BB AMLLTO

EBLLEMHENSE b3 Neumann—Koppﬂ'j‘&%C!\éQ Chart WXL 5EHLRE-SI
FONE " £RTHAC, tx11]/g ~atom—K BIRNKA-TV b, %/, Bergman 53¢
DEICKEBEDAC , DRE%, #ANICPd-Si M OROHEERICLD 7 7 25 — BBk
NTVBERHEICKRYD, L0207 725 —ORBEERTRASELLSOLEHEL TS, Linl,
Pd,Si (2167 1KETERKRTHBEDT, COLHIBREEPD I 527 —DOHFEPHLHDE X i
~0.33CL 67 1KULIZROND, LizhiaT, TOEA AC, ELTRESIRKENME (~

150]/g—atom—KEL) %KE wanci‘f;zf;wg“o Arpshofen 5 k51600

H1) HEETHEDr.Castanet DOORME ICLUL, 13 80KikFE A DIER, HHx s A —bok
RREBVESRH Z &0 S HRICIRRY 2 BE0OFS5HARE O, BEROBETE, 17 23KIEBVT, X4 =034 T
AHf =—T74K]g—atom LBOENTOELEDTETHE,

kz_
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KTDdH; iz, 20b 2 BOEOIEFEMIcE LTV 5, Arpshofen 1%, Bergman 5073
5-TAC,™ 68]/g—atom+K (X =0.3 3) LEETNE, PdBAATO AHDFER
HUTESE LTV B. UL, kicii~ic@d, codCp 0RABICHEMESE, 3510, Si
BEETOAH; OR—BLRATERE .

LSl L7 — s DA SR GERTE 2L ZAONLEAEFINT T LR, TNAKELT
I EAEARAEETH B, LI, LI THOBRESB-SIROF— v 48R T 5 EHFHT
HBo Fig. 3 K, 51~ 3 BBEER Yy A {tico0 TR OMADE LAY DMK & ERAE
Tt (LAYERORER, BBRRIhRMMETRE/NEC, FomEANSIC LB -TARE
<uafwéc%%£ﬁﬂmé%®ﬂ@@,NA«WA&&?@@&mmsaaf%@,ﬁﬁggﬁ
B4ETIE Ni & PdBIAZIZIE MeSiTdh B, LA, Ni & PAZHE Me, Si PRLLE
THB, 272, Fig 411z, Ni— SiHE e Pd~Si R o Si »ofd ZHARETRT . M
EREX OB TEAL TV EL EHAMD, Lichi-T, Ni —Si%kE Pd— Si RO@EHOHGT
FF - EL O E Xgi = 0.3 3 3 BIRICEBALAT 5 LEIC, SiBRHAO PRICENIT
mos s EhfEEsNb.

Fig 5 {3 Bergman ©O%FHEEKICE S Pd — Si RHHEOEMEE KU AL AL F — ik
DHEIC, Ni —Si% L2\ T Chart ® FELARER" 2EhsSbE/ 6D THS, Bergman
LT -y ARERTRE, FTEED 2 0RORMEESC LTS5, Kaufmann dChart O
BAFECESOT, Ni—SiREOHM 5 0§ — KRR E T4, o0& ERCTH
SORENAEFEL TV Y, BFEShRERE, BREORER " BED S BILEEATH 54
S AEETH S, EhHTAL—KERL TV 5, UTFTE, Pd - SiEHIc20T, Bergman
BT — 54 b L ICERITEREE, ROTE SN ANEREARENCEEN TV 2HER LML
S Ealy S

#4, Bergman SOMER BENTIE, 4GELUVAGs) £DbDOIEHRLC, 2D niz
AEG, A4EGy MOFRENTY 5o AMEILELTIR, TNLERETHAM-AENLG,
AT ¢ wERLUTHV 2, (2.2 288)

2.2.2 fERHIRE _ :
BEOHHI ALY ~1F, BRESTEROFFHEAEX ELT, KATHRDSN Lo
G=E(Xi'°Gi)—TASideal+ﬂEG (1)

22T, Gi BEEAOEEREOENTAAF -, 4Sigeal RRAOZ Y PO E-THE, 4
EG BEISEMI A% - LiEh, BEETOMEERICRRTAETH L. LiA-1T, RER
FEEEEAOEE LG CERERETR 456 =0 THD. £/4S jdeal B,

4S jdeal =R Z (XiénXi) (2)

THb, 7
:ﬁ%UD%E@\?Fﬁ*ﬁEf’E)‘EﬁK@QT% Bragg Williams @ &7 vicihid, 4 EG ot

BRI
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‘200 T T . T T T I T T T
: \ o Bowles (1833K} |
[ \ x Vatolin (1873K)
~150 - \\ . — Bergman (1830K) _
- \\ --- Calculation {1830 K]:

AESi (kJ / g- atom )
[
8

_50_;.

Partial molar free energies of silicon in Pd-si ;iquid
alloys; Oby Bowles et al. (1l), x by Vatolin et al. (9),
—— by Bergman et al..(12). Dashed‘line is calculated
with eq. (11). '

"'100 T T T T T T T

AH¢ (kJ/g-~ atom)

X si

Heats of formation of Pd-Sialloys; A by Arpshofen )
et al. (13), V by Vatolin et al. (10) and B by Bergman et
al. (12). Bl was determined by Xnudsen effusion method

coupled with mass spectrometric measurements, and B2 by
calorimetric method
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Heats of formation of silicides of

transition metals {(6)-(8}).

The most

refractory compound in each system
is selected. Numbers indicate
stoichiometry: 21 for Ni signifies

Ni_,5i,

2

for instance

1500 - -80
—— Experimental
1400F ____ Caiculation S\
-
13001 - i . —60
— rd - .
S 1200k 7 Ni-§i E
- i
— HOOF o -40
-
1000 =
9500 }+ S -2
em 1 i L ] L L. L A |
0.5 0.6 0.7 0.8 0.9 1O
Xsi |0
Fig.4
Liguidus curves of systems PA-Si and Fig.5

Ni-Si.

Experimental curves were taken
from ref. (16) for Pd-Si and ref. (15)

for Ni-Si. -Broken lines are calculated
by Karfman (5) for Ni-Si and with egs.

{13) arnd (14) for Pd-Si

T bl 1 | 1 T 1 )
AH
B < ]
Q
| \ J
L AG
i Q
1 ! 1 | L 1 1 ]
0 0.2 0.4 0.6 0.8 10
Xst

Comparison of thermodynamic properties between
liguids Pd-Si and Ni-Si;-— by Bergman et al.
(12} for Pd-Si, O and ® by Chart (8) for Ni-Si
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EERbINhE, €T, €1, €5, &5, i- i, i=, 1= %J:%'fifﬂ@%é‘liiwu#‘w,
7 B, N7 EA FuliThd, 4° G HRROL SicEbs W aiks FAIFEKE (regular
solution )&MEATIVWS, LT,

a=2zN [qjﬁ-;<ei+ej)j 7y
ZHELEH ST A -5 ERATO S, Libl, RBEOSEROBNFENEEL, BLALDEHE, H
ﬁ?ﬁ%ﬁ)é%ﬁﬂlﬁ’é%b%%fﬂ'@\éo i, BPEMEERARHREFEE RS £/, 2E
ETOMEEERE, QR TELINLZESO v —CEEBES52 5L LbiT, ¥, T o
E it ST AR FREOE S BIESBEICS - T 2" BT R OMBREN £ BRI
Shdicit, HEMEHANT A— 54 X O § 2 FESELATH I Eie, —#iT, Eil
Shicz v b ab—dSexpt) i, BERE, Ell@EoT o E— A4S jdeal HOOEDELT,

4% =4S expi1 48 ideal o 5)
CBRICHIERS NB L EhF LV, CoBRny FoE—AESE, AHf & BUOXTHELE A",
Ltchi»T, SRS N TERIAGKERIC 30T, BIREE T vE— I,

A G = ag; —T 48
) —XiXj0, (X0 - TXiX;0: (Xi) o (©)
kb EfE, 2L, O, & Q, OBICEEDECARMEFHRLA L, Lkkb, ARoEM
TANFE - ' g

AGL.=Xin'ﬂl. (Xi) — TXiX;80, Xi) +

+RT(Xi&n Xit+ X X)) m
LA NB. BEL BATH S L EERT .
 (MRiCk - T Bergman SO THEEGE L2EME " CRITHERESA B0, 0 B&
Ga, FEE L, | o
0, =—=310+155 Xg; (KJ/g—atom 8
Qp =—50 (J/  g~atom=K) S | e 9
CnBDT A S EMOTHE LR R L%, Fig 6 CHE LT, CTTH, BAKIEE
VER 5 A—5 2AVT S UBERITO —BARET 320K, PdBEHTO—REEZIEONT
VB, DLEOHEMER €3 4 —2 EMREMO T, BEOHE T3 o0F —(E4H 2 ORE, Aok
LCHET 5 EMTES, 2L, TTTH, MBEPd, Si OREBRELZBEKE>TVED
T, EREREAERICE S LR, BEBOEH T LF -

._6_
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2657l - JfHm—~T 48m ' o 10)

DELLERT DNBNE L, T dHm, 4Sm BEAETAMBHRLLIL Y o -THD,
Hultgren GoOME" LD,

AHm (K] g—atom) 4Sm (] g—atom+K) Tm (K)
Pd 17562 9.623 1825
Si 5055 3000 1685

MRLD. Si, Pd OEAELEALT A AF—ZROLSCFH SN 5,

_ 0 Ak
4TE, =46t (1-Xgy) o
1 .- 1 : O,Xsl

= (1-Xg;) % (=310000+310000Xg;)*

_ ' . 8 4Gl
AGpg = 4G~ (1= Xpy) Fx,,

%(1—xpd)2(—155000—31&000xpd)+

F50T (1=Xpy)? FRT £n Xpy (J/g—atom) 12)
%&ﬁ%&@%m&%%émrmx(@ﬁmamﬁ%miéo%1@81®%%£w5m1$w¥H
& | o :

A4GL. = (50650-3000T) + (1-Xg;)* (=310000+310000Xg;)

F1E B,
EH S i hOPd ORMEREPHTIESVOT, B S iho Si 0ER ag; GERENC 1
LB EHTED, LIlinsT,

AESLi =ﬁG§§ =RT fn ag; =0 ' W

AEE S1 &P HREOM - BESTY 5MERTH S, Bl Fig 4 CHRTRLAD
3, 03 @ E D E L RS TS B AR, Ni—Si% s aitE” ekl it
B Ut o 8155 — 4 REN S AEORHED S £ E AN, STRERERELLOLTALTHS
5,

WA, L0 RBOM At E - T, LS NBAERY SMEER 7 £ -5 2RDH L
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AH or AG (kJ/g-atom)

""80 T T T T T T * ¥ T
I 1830 K
-60| °—2 I
- AH -
_40 L, E
= ¢ AG
_20 . -
R 4+2
0 1 i L L L 1 i) 1 L
P 0.2 0.4 0.6 0.8 SiO -
L Xsi 4-2 .
8 g
- 1-4 B
[aY 1
- AS A 1-6 S?
A e
- T2 - —8 19}
<]
1 L 1 i L i 1 L I _10
0 02 0.4 0.6 0.8 1.0
xsi

Sclid lines represent thermodynamic properties of Pd-8i
liquié alloys, which was cast intec the analytical forms
in egs. {7)-(9). Symbols O,® and & represent the
smocthed values of the measurements by Bergman et al: (r2). =
Agreement between the calculation and the experimental
is somewhat sacrificed in the composition range Xsi< 0,3
in order to employ simpler forms egs. {8) and (9) for

interaction parameters.
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15)

(ATEET& %, Langer & Wachtel Kk 25" (Fig 4) »oid

Qa. =—195+554%Xg; (KJj/g—atom)
Q, =—623 (J/g—atom-K)
MRE SR B, LiL, TAGD/ST A —5h5iE,

AH: = Xgy (1—Xgj) (=195+554Xg;)

=—4 1.BKJ] ~g—atom, Xgij=05

EFERBANSTELRRICNE D (Fig. 28R) » —#ic, RERoRBE,CFHELTHRONS
HAEBOEHEIE BV EShhT0 3, 2L T, EBOFMFEICS - Th LBELRELR
IERAEHNTN SIS, FETRS MR « BIGOEHELCC Lz 0™, oy,
HHEOHMEORTH S 2EZE LT, QOROBEMEN T A — 452 nl) BT L3 LD -
Foo LnL, Fifd L5k, Langer & Wachtel KX ZEMAEOFEE, 4Hf OELLTELS
mEEZ1E, Arpshofen 5°7%9 Bergman & DA D) A —FEIC L 5HEMEE 9D IF, Bergman
LD THEEED Vatolin S0no ) x -5 CEBMEMATHTEDLEELLD
(Fig. 2 BR) , .

2.3 Pd—Si RREREALSMOBDFHREDEE

2.3.1 REX _

Fig, 7 REFORERHEORE " 5am L7, Pd-Si “ARRERTH 5, 7, Fig.
8 ic i3 LIET OIREER™ £ R4, MoffatdiREE .ﬁé CEHEINTVAEDIE, Langer & Wachtel
D Kgi20.30 OFHICBT HEERTHERFHTO LD O T ERROPH AR LTV 5,
rLOREER (Fig. 7) @IARAER (Fig., 8) ol FOSATRECENL 2T d.

1. ERREET ALAMPA S NTEET BT,

2. FEESRISI & DD SERT ALAM, Pd.SisET S,

3. |HREER T Brmc;ofiﬁﬁé&énfthmSiw,ﬁmﬁgﬁﬁiﬁﬁé———

FICS AN, #RRT 2, _

4. —AH, Eﬁ%lfu%logocrﬁmﬂﬁﬁé&énfmtEmsli #1900TCoaBK

A THBE Pd.Si kot 27,

5. PdSiOREICHFLET HRERIIK L, %szochdesléslcﬁﬁﬁam
1170, TROOBHRPEMICENTEINTIELOAE IhiE, IS ROEZLZLELT LD
LEZLND, 155, XEk 16 & @) DHEHRE X5 =03~035 KECTEERLTED,
Pd,Si ORMELT, TREN1304C, 1398 CEahHTHO-RERE TS,

AETIE, AIECEALAPd - Si REQOHAT A VvF—&, Fig. 7 ORKEROMRAES L
NF T L AL DER# . T b o € — AR S,
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Fig. 7 Phase diagra:ﬁ of thé system Pd-Si, which was synthesized
frem the works in refs. (1s8) for xsig 0.3 and (22) for
Xs*‘- €0.35,
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Fig. 8 Former phase diagram of the system Pd~Si shown Iir; the

com'pilation'by Elliott (3}.
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2.3.2 Pdy sss Sio ass (Pd2Si)

Fig, 7, Fig. 8 LAk 5ic Pd,Si RFBNA@MKT 2, $74b5, Pd.Si H—EDRET
FiR | TR —OMIBOBIERE 55, COLIHLAYCRBOTY boE—48m i3, MidMe.Si
RO BEESBILAYI SV TOBESEI, RO 2B OFETHETE S .

1. BEITEDASm OMICH L —EDELZMA 5.

2. ASm &@A (Tm) O7 0yt ETASm OffidR#E s L CAFT 5
FBLIOHETHE,

2 48m (Me) + 4Sm (81i1)
3

48m (Me 5. 658 S10.333)—

% Co0:81, Ni;Siic20Tx#k (8) (19 oE»oitET L, TnThn, —2.57,
—1.71]J/ g—atom*+ K& 5, MEADEEEI— 2.1 4]/ g—atom *KTH D, Ihd b,
Pd,S1 D 4Smi214.6], g—atom+K &b, 72, F20OHET, Co.51 & Ni,51 D
ASmE Tm OBED &3, Pd,Si® Tm=1671K &L7T, 4Sm=14.4 ] g-atom+K
Lirh, LT, 2T, 4Sm=14.5]/g—atom+K &9 53, LiH-T, HEHOH

;R T Sl =

AGS7L (Pd g sse Sio.ses) =24230~1450T (J/ g—atom) (15)

sk Bh B, |
Rl — 4R HeAR D RO B = 4 v 4 1, BHERRER Si, Pd & bIEKICE B &, (T~10
x0,

AGT (Pd o ses Sio.sss) =—23350-13993T ([ g—atom) i)

THB, W), HRLD, LAMOERDHB A v¥—H,

4G (PdD.Sﬁﬁ Si 0,333) =—4 7,58 0+0.507T (]/g—atom) Q'D

Ekwohb,
5%, PDEBLULTOBERTE, @HsLOLEHDO4Cp =0 EELE A (Neumann— Kopp
g3 Ui, - |

AHf, 59 =— 4 8 K]~ g—atom as

1B, (8 Tk ArEE, FMEEEL 2 EFREL, HE LoRM—REFE>EE LD
DT EFRNWT &%, AL THE ‘ :

2.3.3 Pdy.sSi,.5 (PdS1) _

Fig. 7 DFER® PdSi M 283 icid BERBH %o B THHBEOHTHALZE T,
Fig, 80RO LS, AREELBREOES LLODTHS 5. GREK TpldT
1, HETAUE—#E (Fig. 9b) kigdnT, Pd,Si L PdSi @ 4G ZRESERE D
B A g AGE & Xg, > 0.5 ORAREOTELLIEELEV, 4G Pd,.s
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Sio.s) OMEHSAGH ICEIT Xgy > 0.5 OFMICHIG BiERE, AGY M T - TT
HOEWRYE (CORIUBEBREFLOTSEAD), Ch—RLAKVLERFEOT, Fig, 9alo
ABEBER—ET L, Lichi-T, BIFMICHEL S L OKRERI Fig, 9c) oL axBE LT
WLIETTHY, Fig, 7T DO OBBEOEEHS» B L, '

Fig., 9blicR Bk Dic, PAS i BERKISK L - THEMEN SERT 54, BiE» OEEERT 2
ik, Pd.Si, PdSi, MBHOEED IGC O {HTHIIEAMNINBORVILL > TRESND,
(F7hH, PAS i WHREMBEHAT 288803, 4G (Pd .65 Si 0,405 ) £4G (Pdy. 5Si, . 5)
FRESERIE, Xg; £0.5 TAGLEBTE, ) #BETHIE, PAST KOWTARRIGERE LTS,
AN ERGEL T, RIHOERTF¥RBOFMEICRII T ORENEELRITELZEVTHES D,
Pd,Si ORi&N»SET BMIEEOMRE, BEERRRCL > TRESH 3, |

. _ 2 — 1 —
4G (Pd s . 56651 c.a33) =_3 AGLf.\d + ? AGISJi ' (19

a0, ab, 12, a0 RE W) REHOAE, & Xg: KT 3EBROBENESICHETS 2,
BRAFig. 1 0IEBTR LI Xg; = 0.5CH0 2MHAREIZ1 134K (86 1C) TH%,
LT, 22T, PAdSiid1 1 34K THINBMET DD EETET 3,

Chart iz k% CoSi, FeSi, MnSi, NiSi- &3 24Sm & Tm o7 o M A4+
%L, PdSi @ 4Sm%16.2] g—atom+K ERHPLNZ,

. AGS_)L(Prd(,_'SSig_s) =18371-1620T (J/g—atom) 20
19 #&, Xgij=05ks02 4G oLy,
4G (Pd,.sSio.s) =—42149+3025T (J/ g—atom) @D
ERTE B, Lizd-T, | |

dHf, 298 =—42 (K] g—atom) @2

THDe | |
Lo L, Fig, 7 ORERO & 5ICERTPAS i HARORIGICE » CHET 20 THAL,

Pdo.sSi,.5 = -71— Si+ _}, Pdo.sssS1 0. 533
AHp, 48 Fi?{;.té.?ﬁ‘é@ck.ﬁf&%@’ﬁdﬁéio
AHf, 298 (Pd 4. 581 4.5) > ——Z- AHt (Pdy.s66S10,353) =—36
. o (I.(J-./g-atom)-
ASf 298 >0
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(T)

0.3 0.5 Xsi .1.0 0.3 0.5 Xs; 1.0
{a) ' (¢)

AG (Pdosss Sip.zss)
AG{Pdg.s Sig.s)

A _ Tp
C

AGt

l A 1 1 1 L

0.3 0.5 1.0
Xsi

(b)
Fig. 9 Schematic representatiocns concerning partial phase

diagram around'xs4=0.5. The part enclosed in a circle
e
in FPig, 7 is considered to be the overlap of peritectic

and eutectic reactions. Considering relative pesitions

cf 4G's of liquid alloys and silicides (fig.{c)), points A
and B in fig, {a) should coincide to make £ig. (c).

Shape of liguidus arcund X_;=0.3 in Fig. 7 1s considered

erronegus.
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Fig. 10 Compariscn of calculated and observed partial phase dia-
grams. Calculaticn (selid line) is based on egs. (24)-
(26) in§2.4. Dashed line represents phase boundariss
in Fig. 7; open aircles, those in Fig. 8.
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Fig. 11 Diagram used for estimation of heats of formation of

lower silicides of Pd: Pd0.8448l0.166(Pd5 si), PdO.SSlO.2

5 . _ . : = . Ca. o
(-d451}, PdO.?SSlO.ZS (Pd351). Data for Ni silicides

were taken from ref. (8).
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FLT, 451, 208 BB OREZEDETHRINEE S, FOHIKE, PdSi ©4Smid
FTBARELDDES3] g—atom K/hS{HPdnERoH0A, it PAStT LEHD
ERAI 100K ABALENHIFEHEEHMLAL L,

Fig. 10, DL TREBHLAHENEESFAOTHE LCRERAERTRL, EFRick?
IREERT (B SHBE L7, RO LS ICHHATIRE S hORESIIH 508, FH L 82 EH—
JEORLSAT T 5 LKA TE 5,

2.3.4 #OHorA kY

Pd,Si , Pd,Si, PdsSiiconTid, M EDLH HHMAEEES LIEZ 5, R0 EH.
FovFE—dhtgic, (7, QRO HRHEMBEOMAE N7 2 — s 2 THRITNERE25 A2 57291,
Xgi <0.3 OFFEICED ZRAEOHRUIZBHICH TV EHLTHS (Fig. 1, 6588
BASHIICRERLHO - 4G 13, t&YO - 46 OMEERD 7 oy MTB VT, WO 0D
— 4G AEEABO LB LEFAER S0, #LT, 4St=~0 &4, dHf @ 7o bid
URE CEEERT. COREE, Ni—SiRLAMOEABRLT, Fig. 1 1Ok5ic JHi4%
Ato

7i, Chart BEELTT v IO/ EEAERIC, OE&ET 1 {tho dHy ZHE LT
B p, 2.2 TRAFBIICLD 5 o b e rA{EMICET AIRYD, FhODHEBERIKETES
EEALD,

2.4 MORF -5 —HEEOEH
Liquid , Xg; ® 0.3 (Reference state : liquid Pd & Si)
4GY = Xg; Xpg (—310,000+155000Xg;)
+50Xg;Xpg T+RT (Xg; #nXg; + Xpg €n Xpg? (J /g-atom)(@
Liquid, Xgj = 0.3 (Reference state : solid Pd & $i )
461 = Xg; (50,550—-30.00T) +Xpgq (17,562—9.623T)

+Xg;Xpyg (—310000+155000Xg;)
+50Xg;XpgT +RT (XSiEHXSi+XPd€HXPd) (J/ g—atom)
. @

PdB.GGGSiD.(iSS (PdZSI)

4G =—417580+0507T (J/ g—atom) @5

Pdy,.sS8i,.s (PdSi)
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AG=—42149+3025T (J/g—atom) - ®

4Hf 2¢8 (K] g—atom)

Pdo.s4sSic. 166  —26
Pdo.sSip.e —31
Pde.?»5Si0 .25 —38
Pdo_sGeISiu_snggr —48
Pde,s5iq.5 —4 2
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3. SiCEOPd B

31 RROEWN

ZZ T, ORNL TEonAMEBIRHSVTO Tiegs KB it 0T, PAIARROHE
B35, Pd MBEEREEOHE UREHKI T, PuO, , MEHCOLTHED SN TV 575,
LEUSMKELTIR, BRE6~TD0HOEWAR (FHBEME 1 & /A Hls) i, &
UBEEOKARUO, HMERTIo>OTED LTV 5. WAR KOAHMSIE, UC., B5&U
UC.4.5001 .45 Thd, LEURBEHEIRE - TEMRERLLOES, —Fledbdfnld, WAR -
UC, MTUHEMETE 20 FIMA, 55 P 'PudnRE&GII8 3HITET 5, CNLWAR
ViBLURARUO, BOMERA K TUDOPdETHICBEET 24, 39X 10 ~2x10'F°
FFiciss, (BRAR, BEHRE -BEESICAZVEHMETHNTTHE, PulkaRE&6520% &
LTHMEEIHFIMAT, M3 X1 0 EF AL, ZNoORFLEEREEORD PdHHER
T5, ) BHEEIZIS0~1600T, BHEHRMEHIO~25 0HETH »7/2o TOEE, SiC
BHOE@ESRDINWEOTEHEICLARERA (0.5 4m) LLFHL6RKEVHODTEH2 6.5 4m
WWE LT LT, Tiegs OFIZHE - THEOHORFOEFEICONTIRNL,

@ BREHZAEA _ _ .

DL & O EATIE LT AIEES Ve COMIE Pearson bOFAMERE
BUTLRAINTVN D, 2L, BEEOWAR BOAFNEHEEOH LD A~ P b E
Lk TH5B,

@ BEEKEE
SiC o PdHEMEZRKATERE NS,

—1358KJ] mole )

P(ﬂm/h)=4&2(ﬂm/h)em)( %

7L, HTREL DN O LOBETERV &L, BHPIOREOEGO NI, #IE
EOES>EEIRE,
® BEKRENT

HE UBKE Flc >0 ToRBRbSHNIE, PABEIILIX10'°~2x10'°Pd [EF KD
BHOT<TOBETEDONT VD, BAK TFHRED D DICEMNSIC ARNRBETE, PdE
ARGOBELEEOFEIFD ShiV, Chid PR S iC WEICH IR 30TEEC,
S iC WEIC “ nodule ” RICHEH L7 Pdick - THMICHEITT 27cb &L Hh b,

@ SiC BoMH

ki L7l E UMBHHF O SiC HO®EI33.200~8.21 g/ cnf, REREEF 155 07T,
EEE~0.25 um /minTH-t. HEUBBREFOF -2 639HT, 1550CTHEEDS iCIT
2T, Pd BEFREAZFEEICHL T 0y +T5&, BPICHEPEALLITHL, THOL,
ﬁ%ﬁﬁﬁkéwSicmﬁﬁﬁﬁ@ﬁﬁmﬁu@mﬁggo
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ik, S ET PABREOA UAHREREEC LAESS 5. Pd OFREL L EEIRD
KBl R onau®, £, FAMBERTE, Pd BEEEOREEKFEEMNL400C
TENLY, 2ECEAEMERLZ ™, Pearson 57 1F, SiCED PdB&ITHT 3 Pd—Si %D
BB HOEREICERL, Elliott DRAEX (Fig. 8) XU Searcy L Finnie D=
THRRER (Fig. 1 7) KEWT, EEEMA TV,

3.2 Pd— Si —C=xRhOZ£E

AETIE, 2BTIEELA Pd— SiROREELEEIC, Pd—-Si1~C kOB E* Fil
ER T %@tb@@ﬁ&bf,Zﬁ%%%ﬁ?%t®20@:ﬁf Pd—=-CH&ESi —CHEicn
W, BITicE et 3,

3.2.1 Pd-—C "%

Pd — C _RidmslintRsierid'” o%%mﬁilso4ilﬁc&Miénfmém@
BEDHERRAHATH 5, LrL, #E PdhOC OBREREEINEVLITH S, Moffat
DREER TR RO p OB THIERAE b &ic, RBAOHERERIC X 0.0 3BV TY 5,

CCT, PAd—C MAEEBRKREREL T, 2.2.2 TXIHEICX - TR REREHEL

(23)

oo R LC OBEH—EREBCHAI A LEF -E LT, DTOEEHEW
Adh“L—114224—27196T @n

Fig. 12k ﬁbtﬁ%#%f ,ﬁ%ﬁixc:a013,T:153ot ERLILHDICIE 5
Ta,

3.22 Si—-CIZx%

Si—C ZxFRico0TR, BRE—EHHESIE D TEL -/ 2 2OREBRAE ST S
(Fig. 13, Besiowm'™ , UL, Elliott 'BLU Shunk™ic3|BahTy 2%
DHIAEE, FHohESATHBEOHEEHLTCHELSTHS,

LTI}, PiRD Si-CHMEEEERELRELT, REBHNAFRELAL (Fig. 13, =i
ERRCOLHIUSRCBY AAEERZOHMAT, EAEB-HLTVELEERL 3. 6%,
SiC OEROHBI AT}, B-SiC kHTsRObDERVE™

4G (Si,+.5Co.s) =—36600+3975T | ®
Si=C mhOBEEMEREEE L L0 HE & NP CIXXEDEBREALD,
3.2.3 Pd- sl—Cdxﬁ«Qm%

=hik %®ﬁﬁ%?ﬂ?%ﬁ@,:i+®ﬁﬁﬁ%®ﬁﬁéﬁﬁmﬂéﬁélzw$ %ﬂ@i
SIARET B s, L EAsnTvs ", - : ‘

JEG=VXX“1XJ"Q{]' B ' . )
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——— Calculation
~=-=- Experimental
2000 J
_ L+C )
$ 1800 .
— 4
1600 1
Xe=0013 1504 t16°C ]
1400F T=1530°C -
i Pd + C ]
1200 . 1 L 1 1 1 L l L L
0 0.2 0.4 0.6 0.8 1.0
Pd Xc C
Calculated phase diagram of system Pd-C . Calculation
presupposes ideal liguid. Experimental eutectic woint
is that by Nadler and Xempter (27).
3000 T T /’ H T -~ T 1 1 1 T
2830240”
= [ . ]
) f? .5129 2770
2600 /. 2540 +40 .
/.-
[ |
§_ 2200 i .
~ £ ]
—
1800 .
1402 5 |
1400 0.0075 £0.005
: 1000 L i L L L . l L
0 0.2 0.4 0.6 0.8 1.0
Si Xc C

Comparison between calculated and cbserved phase diagrams '
of system Si~-C. -Calculation {datted line) presupposes
Both broken and solid lines are from

(3)

ideal liguid.
the compilation by Elliott
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X1+Xj+Xk=1

Ew—SiﬁCEﬁ¥ﬁmfﬂ,LKET%t&iKPd—C,SPﬂI@@ﬁﬁﬁﬁﬁﬁﬁ?%%@
T, TORHRBHE T A VF— (T8I

4Ecr = (-232500-77500 (Xpg—Xgi)) XpaXs;

F50XpgXsgiT &1)

EEDIND, 72720, Pd —SiBIOHEEIER N5 4 — 5 GHRWROC LOFEHE -0 TR H S
BEEH TV 5, _
Lizh3-T, CoEseErEHl i 08—,

~ 8 4l 6 4Gl
4Gk = 46l -xx, <a G ) + ( aG )
Xi 7 X, Xk XC 7 Xpq, Xs;

=RTEnXc+ (232500+155000 (Xpag—Xgi)) XpgXsi

—50XpgXg; T : (3D

1B, EREREEEMICE 5L, @D L&D
AG%:11¢224+[23&500+1550n0(mm—x%)J)@dx$

—27196T+RT¥#nXc —50XpgXg;T ()

Lish, £LT, @ ARDEE0&THE, BETESOCTEMETHTIRHEOERNSEONS,
Fig. 1 3iCR3EY, ;BT St CHORMELHENGS, +/4bbXe £ 0.2 9 DEMEEDH
WS XC = 0.5QBMELOBRMIIZ 104K (283 1C) THB, LT, Pd-Si—C
ZoFRD3 1 04K L EOREENCE L TR, BMHEEHEO 2o 2ZETNEE YV, Fig. 14
MEHLTKROoNIZI2TIKCBH R FRIKENTHS, 6L b, Pd—SiHEERAIE
HLEWES, 30, EHESERERTHNE, SRKERICET 2 C+L/L MERIRTXEI
EXQ ARBERICE S, LL, Fig, 14TR, PdESi OBCADHEMRBOEE, §4b
5, Pd RT&Si EFPAEWCRESD &R S L4 AEmDnic, HMEBEEDEEITH~C Dk
B ORI A BRI RHN T B,

Fig. 12~14%5, ##11 800K (33153 07C) ELP TR, Pd—Si @i~ COBEMRE
BEHELTS, T2RVEUNELONEZ 0805, VTR, ZoElick -T, BRECET
bR RERAETFAIT 5,
® T21671K (Fig. 16a) .

167 1KLLETHF ig. TICHB&L 51, Pd—Si “5t%HH X 0.0 6 S EDEicH1 T
EHELBEETH D, LT, SiCHRIR-DVLTIH, -

<SiC>= [(Sil sipg +<C> &)
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LOARIEAZEFTAERL, 207, <>EHBEREOBEHETHET &4, () RiFETORS
ThHALEEZT T, COERIZIDEA L BT H0OT, FHEOZRHE,

24G (Sig.s Cu.s) :AG%i. o

E5 B, (19 RAEAAR, ® RELZICRATHE, BETIKENT, SICHBLUEL STl
+ LD SRES (Fig. 1 588H) . 177 3K TOFER%Fig. 16 al@rlic. SiCH
LiEfd A OMHEIZIZIE Pdo.ss Sio.ar THd,

® 1343K£T«1671K (Fig. 16b)

167 IKRTFTH Pd, Si BREEICED, 4CL, OMBMEEE R4 Fig. 15 O
B B Ak Sk, MEREMART, SICHBLURR EEHTI20IE, Pd.SiHTHL, L
o TIREEXIE Fig, 16 b LHicissd,
® T<£1343K (Fig, 16¢)

134 3KBTRESICEENMEFLTVWL E, Fig, 16b®D Xg;<0.333D&acidEk
Pd,;Si (1343K), PdsSi (1108K), Pd:Si (1095K) »l#igss, —4,
Xsi>0333 05Tk, ~1170KLTFTPASi KT %2, LalL, @&, @, & K
0, FHBKORCE L TARREE TH b,

2<PdSi >+<C>=<Pd, Si >+<8iC> (&)

LizhioT, 1343KIDERIZEVTS, ZiLRIKERIE Fig, 1 6 b »oERMICELELE
T, GO n e Ao b, L, +CBEU L, +51 COMEES B{L-Tz,
o@ﬁd%ﬁLfLiiﬁB@@%oFm_16cmm1123KMHH%ﬁ%@%%Lto
F@.1HiS%mytme€mm¢ﬁfﬁﬁmmmﬁéﬂt%ﬁﬁ%mTﬁéoﬂﬁumﬁ
SATWENA, 443K EEZSNL, BANICE Fig. 16c E—HLTHWaH, 1443
K (1170°C) TREIEIPISI EPd,SiHMHELTLE > TWE0DT, RERIE Fig. 16b
DEHIBRFELTOANETH A, ¥, Searcy & Finnie (3, Me-Si —C ZmRIKER &,
ERSBRI &7 Ao NEEHicE T ZBRCEVT, O8R4 tOERBEEE L
TOBH, BHoMiNSTEBBAB TS CURBISHR) .

3.3 2 =

Pd o FRESRINEE, 22U Ko\ Tid 1.5 7 8% &y, *°Pu TE 15893
wic bigd 252 Uppso, BREY 5 L TARBERD 0 PuMEOTIAE 2 B L FUET 5
L, ZOWRE L4 4FEN-TST (8.35%) O+, Mo (2 112%) O § ORI LS,
Lpd, Pd BAHRECRE2EBRVORETRECHET 20T, Z0HEG T 20 -3 HEDN
BV, Liti-C, MoBB4BFP Thb, Mo, Tc, Ru, RhCh~TEIENE, B
B OHIBS BV EHERTE 2, B4, Pd&, RAUELTERICABETS RhEDHED
ESTFAHETEZE, #7540, 1400CTT36x107° , 1.3x10" 7" mmg & Pd#ER

HE2) 1"5Ru-gﬂz¢1°6Pd'Eﬁi%‘iﬂtﬁsPd105,106,107,1080
,_21...
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T=3273 K
(3000°C)

X3 ~0.4

Pd Si

Pig. 14 Predicted ternary phase diagram at 3273K. Solubility of
carbon in ligquid is affescted by the presence of negative
interaction between Pd and §i.
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Fig. 15 Equilibrium between SiC and Pd-Si liguid alloys or Pd
o silicides. At 1773K liguid alloy of composition X_,=
0.37, but below 1671X the compound PdZSi are in eguili-
brium with sicC. '
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T=1773 K
(1500°C)

SiC+Si+L

Pd Xei=037 3i

T=1592 K
(1318°C)

Pd Pd,Si \ Si
L,+Pd,Si +SiC -

Li+Pd,Si +C

Fig.1l6 Predicted ternary phase diagrams of Pd-Si-C below 1800K
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T=123 K
(850°C)

[ C+SIC+Pd,S

Pd " paSi PaSi FdSI Si

Ly+C
(¢)

Fig.1l6 (continued)

C -

Pd PdsSiPGSi PdSi i

Fig.1l7 Tentative ternary phase diagram experimentally determined
by Searcy and Finnie (32)
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LIFEINS, SiC BHNREKELEZPAICL-T, EQOLHAARIEMET H01E, Pd—S 1 —
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DOEHET SIC&EPd EAHEATVLAR (— A PRECHORIEORKTH S, Fig.18a
i$1070C~1398COREABRINCELTHB, b, Fig, 18 bDLSERIEAT
BETHB, PAR SIiC &RIELTP A, Si%&4£ERL, Pd.Si OR@MIIS 5T Pd &DRICEHE
L, e 56 THHF, Fig. 18aik Pd,Si BERT-T, Pd, SiWma® 4G ik
ENEENFETRCEARLTVWDS, ZOAGRESICE-T, SidRA@IAST N, Pdidle
SI~BETE, LT, REMiICENT Si dREBNCERT 5, REBOMEREZAML oK
Fl % CEGEMICET R, Fhis bz, 4G bERNICELT S, B2, 159 2K Ti3Xs
=0.27H050.09FTENT S, THbL, FEOTIEXg] >0 DEBEEOEEN, Pd 25D
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THhh, Pd, SiE@I—HoBEER (traveling solvent ) & LT, SiCE 2R LAH
5, BACHMAHHE LTV bDEEL LB, REMREEICET 3BHEEEL VS0, 2
o@ﬁﬁﬂ—@ﬁAﬁwﬁm@wﬁﬂME%R& 2 ODORAMICBE£% > CREME EBE X
HITH S, BB LABACHERZERSE560TH S, HHOBEHNIE, AREOSVGRM»S
@%EwﬁhﬁmMKHﬁfiiéo%ntt% , BRI EENCEET 5, COLEEEDIG
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Fig. 1931398 CLEDEA%RT, FRELLTEIPd,SI HRFMELE Y, §i1C LPd
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BT ENTE S, |
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1343K<TL 671K B
(1070°C) (1398°C) A AGs;

d
+
{Sicy

m o1

Schematic drawing of minimum free energy su;féce of
ternary system Pd-5i-C in the temperature range
1343-1571K. i o
Postulation of Pd attack on SiC derived freom fig.lad.
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(1398°C)
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Fig. 19 (a) Schematic drawing of minimum free energy surface of
ternary system Pd-5i-C above 1&71K,
(b) Postulation of Pd attack on SiC derived from fig.(a}.
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PIEDESiZ, #1140 0CESC PdEEOMENRLLELEZONEC L, Pearsond'
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SiCEO Pd BERIETHE, Pd—Si —C ZoMNFNEFSFERETERHEZE/LLTHWET L
PHERISNB. Pd—Si—C ROMNENEEE, Pd—Si ROBAEHBEEICE CKELTY
Bo ARFRTIH, Flic, 20 Pd — Si ROBIIEMEEAHML, ROBREE
O Pd—Si HOEROBHBAT L F—-4C b L, HBICHET IEITWERASS N,

@ WHOIGH LY, Pd —Si_nRRKEMICE VTP 7 1 OB EHE Lo
LibomRid, §$238BHNLTEN S,

Pd —Si —C=mRIEL T, ROEELT -7,

@ Pd-C, Si—COFNFhO_TRIEENT, HHPORBTHMHAERA4EHL TH 1578

EUMRESONE T E%ER LT
@ 1800KUTTEPd-Si BEPT~DCOBEMEIMETELL 2RI,
® =rHHEEN%E, 1671KEE 1343K~1671K, 1343KLTFD32DE&IcH

WML, PRIL/A, (Fig. 16)
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WTEEAMAI (§3.3, Fig. 18, 19) , PdEERGIRI 343K (1070C) BLET
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&t [

ARFROFITICE D, BETFERTIf—0E, BEEEAAZEHBHERCSHEBEZE -7
##2, National Physical Laboratory @ Dr, T. G. Chart &3 EELSCHE & HR7LTE
% Centre National de la Recherche Scientifique @ Dr, R. Castanet? Sidg@EESR
DOREET 2 EELBERE OISV, Pd - S i ROBERE, FFHEIERE Dr. Castanet
DObETRESHETHEDZ T (§ 2.2.1 BESE) |, AW TERD LI BEN SIFBE TR X
N5LDEMFT 5,
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SiCE® Pd BERETHE, Pd—Si —C ZOBNFENBHYHFFEELRIEZR/LLTHWET L
AHRE B, Pd—Si—C ROANEHEHE, Pd—Si RORIFEAEEICE CRIFLTY
Lo ARFRTIHE, Hlic, 2O Pd— Si ROBNEMEEANMEL, ROBREE,

O Pd—Si MHOEROBHBAT 3 F—4C 2B L, HBICEY ZBTNERRALS A,
@ WHOAGH LY, Pd —Si_RIRKERICE VTP 7 1O REREHE Lo
LibomRid, § 2.3 8BHLTEN S,

Pd —Si —C=mRiEML T, ROMEELIT -7,

@ Pd-C, Si —COFNFhO_FTHRICENT, BHPORRTHHEERALEHL TH+48

ELUMB NS T EER Ui
@ 1800KLTFTEPd-Si BEPT~DCOBMERIBETELL 2RI,
® =rHHKEN%E, 1671KEE 1343K~1671K, 1343KLTD32DE&CH

WML, PRIL/A, (Fig. 16)

Vb, B3ETHEONAETROBNFENEEICATLIFHIZb LK, SiCED PABERIGICD
WTEEAMA I (§3.3, Fig. 18, 19) . PdEERIEIR1I 343K (1070C) BLET
XpAKEOEY, 1671 (914000 UETIESNBEEEL OGN A,

A [

ARFFEDFZITICE D, BB LS P —&E, BERBHTAEH BT E RIS E#ME =B - 7.
$ 7, National Physical Laboratory @ Dr. T. G, Chart 4o 3 E8E I 3CH & B ER7ERE
% Centre National de la Recherche Scientifique ® Dr, R, Castanets o idERH
DREIET 2 BESERE VAV, Pd— S i ROBIIFRIE, FFMERE Dr. Castanet
DOSETHELBTREOCET (§ 2.2 1 HASE) , ARETED Lo BERN /IHESERH S
N5HOLMFET 5,
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Ex_ﬁl
afn
o

activity

specific heat at constant pressure
ICp ( products ) —»ZCIb { reactants )
Gibhs free energy

free energy of formation or reaction
Excess free energy of formation
partial molar free energy

heat of formation or reaction
Avogadro%rnumber(ﬁ.OZ x10%%)

gas constant (8.3 14 3 J/mole-K)
entropy of formation or reaction
excess entropy of formation
absolute temperature

atomic fraction

coordination number

bond energy

interaction parameter

formation

fusion
liguid -

solid of invariant composition

dissolved in solution
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