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Review of FCCI (fuel-cladding chemical interaction)

in LMFBR fuel pins (I)

Chemistry in fuel pins and mechanism of FCCI
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Kendhi KONASHI#*
'Hiromitsu KANEKO*

Abstract

Temparature and oxygen potemtial are the most important factors in
determining chemical states within fuel pins. Oxygen potential at the fuel
surface is about-100 kcal/mol in the typical IMFBR fuels. Cs, (U, Pu)0, is
produced by reaction of cesium with the fuel. Cesium migrates axially to
the blanket and Cs,U0, is formed by reaction of ceisum with the blanket UO,,
it is possible that CsxCr0, (x=3,4) and/or CsOH are produced at the cladding
inner surface, and these compounds are especially important with regard to
cladding corrosion. Cladding components iodides MI (M=Fe, Cr, Ni) and tell-
urides MTep are important in a viewpoint of mass transport of cladding
components.

For the mechanism of FCCI, some models ﬁhich are currently reported are
reviewed. The models are for intergranular attack by CsOH, Cs-Te and Cs,

and for cladding component mass transport by I and Cs-Te.

% Plutonium Fuel Division, Research and Development Section Tokai Works,
Power Reactor and Muclear Fuel Development Corp.
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Table 1-1. Melting points and boiling points
of cesium, iodine and tellurium

and their compounds.

M.P. (K) B.P. (K) Ref.
Cs 302 952 20
Cs,0 763 - 24
CsOH 588 1263 21
Cs,U0, - -
Cs,U,0, - -
Cs,U0,0,2 - -
Cs,Cr,0, 658 - 46
Cs,Cr0, 1293 - 46
Cs43Cr0, >1273 - 46
Cs,Cro0, - -
CssCr0, - -
Cs,Mo0, 1213 - 23
Cs,Mo0,0, 137 - 23
I, 387 458 40
Csl 894 1553 40
Fel, 860 1306 40
CrI, 1066 - 41
NiI, 1070 - 41
Te 723 1282 41
Cs,Te 953 - 62
FeTeq 4 1200 - 41
CrTe, , - -
NiTe 800 - 41
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Table 1-2. Standard free energies of formatiom of compounds
’ related to cesium chemistry.
ci§§m01 Temp.KRange Ref.
Cs(1) -15510+16.4T 950-1500 20
Cs(g) 16700-17.6T 600-950 20
Cs,0(c) -83570+33.14T 298-763 25
CsOH(c) -99740+37 4T 298-588 21
CsOH(1) ~95440+429.41T 588-950 21
-108810+43.55T 950-1500 21
CsOH(g) —6347043.32T 588-950 21
-80010+20,74T 950-1500 21
Cs,U0, (c) -460400+98.25T 298-950 39
~491420+131,05T >950
€s,U0,507(c) -764600+157T 298~-950 39
| ~795620+189 .87 >950
Cs,U,0,,(c) ~1331000+260 . 5T 298-950 43
-1362000+293.3T >950
Cs,Cr,045(c) -499790+144,62T 298-950 37
-530810+177.42T >950
Cs,Cr0, (c) ~341780+89.7T 298-950 31, 32
-372800+122.5T >950
Cs4Cr0, (c) -368710+93.93T 298-950 46
-415240+143.13T >950
Cs,Cr0, (c) -379450+98.23T 298-950 46
-441490+163,83T >950
Cs;Cr0, (c) -383840+102.53T 298-950 46
-461390+184.53T >950
Cs,Mo0,, (c) -362000+86.19T 298-950 24
-393020+119.0T >950
Cs,Mo,0,(c) -550300+144.7T 298-950 29
-581320+177.5T >950
CsI(c) -88910+23.33T 458-894 40
CsI(1l) ~-75800+49.317T 894-950 40
-94560+28.92T 950-1400 40
Fel, (c) -41150+28.77T 700-860 40
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cﬁ§$m01 Temp.KRange Ref.
FeIZ(g) 4880-12,93T 700-1184 40
590-9.13T 1184-1306 40
CrI, () -51320424,84T 700-1066 40
Crl, (g} 15030-24.9T 943-1054 40, 65
NiI, (c) -34950+34 .14T 700-1070 40
Nil, (g) 20100-9 .25T 48
Cs:Te -75000+14T 48
FeTeq.s (C) ~11820+6 . 26T 723-1200 41
CrTe.: ~22600+5 .4T 48
NiTe(c) -17170+10.02T 723-800 41
H,0(g) -58940+13.0T 600-1200 20
uo, (c) -259300+442.54T 298-1400 45
Cr,0,(c) -269130+60.93T 298-2100 22
MoO2z (c) =-139530+41.46T 298-1500 20
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Fig. 1-1. Calculated and Measured Oxygen Potential
vs Temperature for UO.SOPuO.ZOOZix'



I ] | | | | | I 1 1 1 1 1 I T 1 |
~50 VyyrVp,, O/M 1-200
AG EEEE 4.05 2.02 k3
02 Mol -3.8% %.882 Mol
4.005 2.002
2.0004
i 2.0001
2.00
-400
-100
1.99995
i 1.9998
o 1.9995
1.999
3.97 1.997
3,95 1.995 — Modell (1000-1700 K)
3.90 1.99 x Meflergebnisse von Tetenbaum an.-600
—150I3 g0 1.98 (UggPUy0) 01 .92, ..1.98
-3'60 ll'96 | ] | 1 L ] | ]
1000 1500 2000 2500
T [K]

Fig. 1-2.

Calculated oxgen potentials for (UpsoPuozo)O2+x as a function of temperature
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Fig. 1-4. Stoichiometry profiles for 15 kW/ft irradiation with
1100°C fuel surface temperature using heat of transport
from experiment without artificial barriers.
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Fig. 1-5. A comparison of two U.S. models for predicting
the radial oxygen-to-metal profile for a U.;sPu.ss
Onogy fuel at beginning of life.(19
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Cs2U7022 N

Cs206018
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Cs Cs

Fig. 1-8. Selected Portions of the Cesium-Uranium-Oxygen Phase
Diagram; Isothermal Sections from 873 to 1273 K. (The
solid areas show the width of two-phase regions at
1273 X. The compound UO; exists only below 930 K,

The Cs-UO+x and Cs-Cs,UQ, tie lines exist only below
950 K. Phase regions containing cesium uranates with
a higher U/Cs atom ratio than Cs,U40;; may not exist
over the entire temperature range; see text. 88 =
Cs;U4013~Cs,Us0;5 solid solution.)®®

===, }UO 2 45

g

Cs

Fig. 1-9. Selected Portions of the Cesium-Uranium-Oxygen Phase
Diagram Showing Tie Lines to UQ;+x; Isothermal Sections
from 873 to 1273 K. (The solid area shows the extent
of the two-phase region at 873 K. The Cs—U02+§ and
Cs-Cs,U0, tie lines exist only below 950 K.)¢?
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Fig. 1-11.

section, 298-1100K. The com-
pounds CsCr3;0g, CsS,Cr;0;5 and
probably Cs;Cr,0;; exist only
below 674K. The compound
Cs5:Cr,05 melts at 658K. The
existence of CssCr0O, is tenta-
tive, (+8)

Selected portions of
the cesium-chromium-oxygen
phase-diagram, isothermal

-4Gg,, ki/mol

Cr

~88g,, kcal/mol

Fig. 1-12. Oxygen potentials in
the cesium-chromium-oxygen

system from 700 to 1100K. The
dashed lines are cesium isobars
(in Pa). If a CssCr0O,-Cr tie
line exists, the lowest solid
line represents a region contain-
ing Cs(%) and Cr in equilibrium
with CssCr0O, instead of Cs,CrO..
Also shown is the oxygen potential
0f (Upso PUgz0)0z000.""
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Fig. 1-16. 12 partial pressures over CsI as a function of
Cs partial pressure at various temperatures
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partial pressure at various temperatures
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Fig.1-20. FeTe0 g activities as a function of Cs
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2% FCCIO MR

BEESAECTES FCCIE, ERALSRTRE(KRD2IE25EEN 5,
A, BEEONREA® (IGA) RULEMEE (Matrix Attack)
B. HBEERSOBRBEE~OBH
BHERROZLRE, EEOFATRCO2PORARE, @HEbE-TVEBEbENE, —
HlhE--THRHL DRGNS,
CCLTEHINGOBRED #=Xba%kA, BEHEFHLD2DNWTERICLELTE, {EL, AD
WEEOESICELTE, RAKALEAZBELTEL S, |

1. #HESORABE
FCCIL L AHBENE CORNABEABRELELISEEAK, CORRERD2IP20EANSHE
ZABEENTX L,
. HEEEETORR (PFVFPRUZOMLAMEBHEER S LORBIEBT 3 60)
2. BEEABTORRE (CIVRESHFTOBEGRLRUBROCETICET 2 bD)
1B TRELCFCCINRLET E20ED, LI MBEE O VWTERFEZTEL, 2KEBNT
2, BELAFCCIRIDBEAENETOHRBEAMEOBEEN T 0L IHEALONT
BBATNS. |OA N X LEEZLBACEER LT 32974 -4 & 1LTR, #&E
ENERE, AREEEE, XQCcomBHOREAREHKEERB TORERT Y vy v, K
EOE, RUBBRCE-TCERTIFPRENEIONDS, X, 20 W =X62EX 584
it, RF v AHORMEE, 27 L AEPTOEKRS ORE, A AP ~ORIAYI
B o R BRNEECE > T B,
ﬁE,FMHK%?%%ﬁ;fL&bT,ﬁ&éhfh%%@ﬁﬁ,GMmm#%CﬂMK
&%Jﬁﬁ, Admson et al(.es)OJCs—Te mixture I L 58, Bradbury et al(-ssgDCs KEBEE
D3DNHB, TDH3H 0, Gotzman T 1 ICERAE o+ =X L THD Adamson et al &
U Bradbury et al. D% Dit, 1, 20@\FE*ECIDTHS, IGALHTE3EFLELT
I, FRE03 207+ OMICEH] Johnson et al(.gchl: 5Cs— Mo~ ORODOEENEZLHTH
rens, EBCCORAEROTH - rBALRTH, NRABARE UAb o1 b DEENS D
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L1 CsQHitXAEa

Gotzman et al(.w)FCCIQ)JE% CsOHW L B3RXF VYL ZAEOEELEL, TOHERE
ERMAO¥EF -2 ICESEHEH LI,

CsOH ODERIBIRDILERBRTEDLEN 3B,

2 Cs(@+ 0,+H, = 2CsOH (2—1)

ZZTCslgid MEERMIZERENS Cs, U, OFEHCsHFEIRL DB ENDIEEL S,
X, O BBBCE-TEESLEL HBGHHPOKERERLFEETEHETHE LT 5,

X, CORBIEF, Fig. 2—1 QX5 HBEENAETT CSOHNER L, BHEEF » v 7o
C0,/CO, HyO/H, ,CsOH/Cs F L - THREELF Lo HEERATICETIN I EEZ D,

T MO
Gap Cladding Coolant
o)} —H—i' He o
COQ/CO 1'32 i i 2
<H20/H2 )
CsOH/Cs/ |
Cs,U0, CsOH

Fig.2—1 CsOHIZ L A3EEDZEZF

BEDXIUBBEDOTIL, CsOHMEKT SRR AL BFT 3,
9 Cesium Uranate OERERIFKRDOL LB,
2 Csl@)+ Oy + U0, = Cs, UO, (2—2)
Bt->T, MEKRETOER Cs HH Pc, (f)id
2 RT£nPc, (fs)= 4G{°(Cs,UO)— 4Gi°(U0,)—2 4G°(Cs, g) —RT£nPo,
(2-3)
FB, CHICTablel — 207 — 22 BRI HIIFECs o FZ
£nPe, (£)==58274,/T+2265—FLnPo, @2-4
LEkb¥ 3,
€ Cesium hydroxide DEBRKEBAEZ 5 &, HEENE TOFEHCs HEIZPe, (ci)i
2 RT£nPc, (ci) =2 4G} (CsOH) —2 4G°(Cs,g) —RT£n Py, — RTLnPo,
— 2RT£nPc.on (2—5)
L5, CHICHEEENHE T CsOHMNEABTH S L LT Table2—1 &9



PNCT842-80-01

T<950K
£nPc,(ci)=—56230,/T+2365—L £nPu—<&nPo, :
2 2 (2—6)
T>950K |
£aPc,(ci)=—55230,/T+223 4 =3 £nPu—5 £nPo,
LEDEB,

C@Z*LZ-Gﬁ%%mf,mﬁﬁﬁAKﬁbTQP%(h),m%wﬂ%i@t%Qﬁ
Fm2¥2?&50@b,cnm&@ﬁE@memeBmmehm&ﬁbn%ﬁibt§®ﬁééo

Fig2-2iHE0T |

reaction potential ~ J[Pcs(fs)—Pc._;(ci)} EEZONINMWEDMEA. L5 &% CsOH D&
WHARELEL OGNS, Fig2-2kihid, BESAERESSOEBRTE- THESRD
BLOUEWEENIELEERLTNS,

D% Y reaction potential RFEEENHRE TR L, BERA~BB SN ERFZ Ik
BELTW3, '

RICFig2 2 tAULEBTRERT ¥ v VARSI LBOBBERLLb OHMFig

2 _'3 ?55 5 o
1074
1075
E Fig2—2 fuel column position

o] -6
a 10774 . o i & % reaction potential ®ZE 1L
= ] reagt}on potential
5 1077 {driving force) 4Goy=~377k]/mol (~—9 0 Kcal /mol)
£

rod power =46 5W
KEDE=10Pa(10*atm)

10-¢

—800°C

-9_] «.
10 - gap POBEAMERITH,0/HiC & 3
-700°C .
Teg . X gap conductance =1W /cn
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12 Cs—TeltdEAE
Adamson et al, FCCIDERFEACs—Te k327 2O ALEELZ, out-of —

pile KU in—pileXBEHER PO A A=A sxfiEL, FCCIOEERMER LT -7, C
T, A7 v v AEED EFPEORLERDLDICELT IS,
CresCs + (0)Cs, Te —= Cry O3 +C (2—17)
Cry Oy +Cs(Te) Cs, Cr{O(Te)ly (2—8)
DED, X7 YU RBEREHFICHT i L7 Creg G & Cs, Te HIKE A AL BEHBRTISE L
Cry Oy 2T B, T HIC Cs (Te) 45 Cs, Cr(0 (Ted ) yE M T 5 T &1 & 0 1GABHE
T45, BL (2-8) KDL I TenBEBETILLINE, FHTHZE LTS,
Wic, COBABBOETREEZ S, BEIIPHBLE OBR— Telc &k 3R LB O
SHAERETELOBRBTERT A2EEATL S,
(1) $EBE(LE OF R
27 VL Ao
W (g /en) = 510 1)) 2 - 1900/%T (2—9)
THRbENG, CNEOMTEDL((O:M) iy ) E DRI £ KB 5L

_ (0011) (510) 1Y - 1e000/RT (2—10)
(O:MDi — 196

Fi

&3,

@ Telk?BFEHEBROWE _
PHBACLDERINAREROBBRBI, (T LIENEBELOEENLSD

HBEITIDZZIONTWE, 2EDRERGOT7T 24 44 P01 atmBH, Te B XE
Do ETRERNBETZ L LTINS,
ZOEEE ghEdThid (2—10)R4E2ANT

Fil(O:M)i— 156 ]
(02%) X
0.01

talty - (2—11)

Burnup Rate
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R (em/sec)=83x 10*t (sec) exp (—21500 /RT) : (2—12)
RO, BLThiZ, RM#ICITLY CriCy, CryC, DEIBBRRMGHERINS
ABTORMATS 5, |

@ # ik

WABBEREBX ODONTEAEINHERZN D isolate LT %5, 2OT EICXhBRFE L
R T& 5 Cr ®availabilityB#8mMLTL 3, EZLTZDCr @ availabilityd 0D
availability KO XA -ARBATHRBREIELL, 2EERE~EEDE,

COWRBEEICHE > T isolate LEBERNLEEREL->THTCACrBE, RO LS
KEb¥E b, '

Cr=7dCy R D:> (2—13)

Cr 3 total gram atoms of Cr available at time t (sec)

Cy ; concentration of Cr in the alloy (gram atoms/cm?®)

md ; interpal surfacl area of fuel pin of diameter d per unit
lenghth (cm?)

R ; linear intergranular penetration rate (cm/sec)

a ; effective grain radius {cm)

DEDCOCHBREBRARBEFLI D> kB, HABAMELT 2RATH S,
DEDEEABZA VT, (O:M)i=200, 138X DLW THELLHABKRDOETH 5,



Table 2-1 SUMMARY OF AMOUNT AND TYPE OF ATTACK AT VARIOUS INITIAL O:M

Onset of! Period of? Depth of® Depth of®

Cladding Intergranular Amount Oxidized? Intergranular Amount Oxidized® Intergranular Uniform
Temperature Attack Prior to Breakaway Attack at 10% BU (8800h) Attack Attack
(°C) (h) (0:M Units) (h) (0:M Units) ~ (mils) (mils)

A, Initial 0:M

2.00 (EBR-II Irradistion)

550 6 <0.001 >8800 (1 yr) 0.03 20,2 0
600 100 0.0056 3550 0.05 17.6 0.3
650 276 0.0154 1000 0.05 9.6 1.0
700 645 0.037 90 0.05 1.5 2.3
750 3377 0.04 0 0.05 0 2.5
B. Initial 0:M = 1.97 (EBR-II Irradiation)

550 6 0.001 6607 0.02 15 0

600 100 0.0056 794 0.02 3.5 0.3
650 1157 0.01 0 0.02 0 0.6
700 477 0.01 0 0.02 0 0.6
750 217 0.01 0 0.02 0 0.6

Intergranular attack is assumed to begin after scale breakdown. T

Extent of Oxygen Uptake (0O:M Units) prior to scale breakdown. Remaining oxygen will be absorbed during
intergranular attack pericd.

Intergrandar attack is assumed to terminate whan the chromium available exceeds that needed to absorb
remaining oxygen available from the fuel. ‘ '

Extent of Oxygen Uptake after 10% BU includes that released due to buinup (EBR-II irradiation).

Depth of attack is obtained from product of the penetration rate and the period of intergranular attack

Depth is determined by chromium needed to taks up oxygen dunng prebreakway period. Additional depth to
absorb oxygen released from burn up not included., For EBR-II irradistions, additional depth of uniform
attack is ~0.6 mils.

Limited by oxygen available.

i0—-08-2¥8LONJ
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CORNBERBRLEBRITORKRER (EXBAEE, 600 ~650CTHRY, $9 milT
H5) E-HIHERIT (2-12) XOAHHCEETTORARERERORDIC
RAO ZFANTHELAHERLZRICRT, HLZ TR, LARBECRARALNZ L2
BRBOREFCLAIELMEZRLTLS,

7
O:M=2.00
650°C
5_
)
=
5_
E 600°C
8
< 4
B
.
700°C
53— = 750°C
g
o 2+ 550°C
[a]
o
o]
(@]
1
) 1 ] | ] 1 1 1 | i
0 1 2 3 4 5 6 7 8 9 10
(a} BURNUP (%)
6
O:M=1,98
f-hs_
A 600°C
'
V4—
"M
]
4
= 650°C
U]
g 21 50°C
a F50°C
% 700°C
(S |
o | | l 1 1 | 1 | 1 L ]
0 1 2 3 4 5 6 7 8 9 10
(b) BURNUP (%)

Fig. 2-5. Calculated Relationship Between Cladding Wastage and
Burnup at Various Temperatures and 0:M

Table2—1, Fig2—-5 ERENTVELH>CBRBREE L ICBHMICENT 5D T
BB ERETEH#CHEL LT 2 Ldbd b,
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1.3 CskLaBa
Bradbury et al 1, R/G#4 CsBKIC L BIRRICE > THM LT 5, FCCINLC

ARIGEBICEVT, 27 YL RBHREOBRIMAREEORBALEL S LBLETHE D,
CsREBOFRTORERERT Y v v VRETE, Cry 0y LERBLBNT EMFHE
BRICL->THRLDBOATVE, #-T, CZTIHCslECr, 03 ERETZDTIIEL, BE
B BHRMmIcER LA % (Fig 2—-6)2% 0, FeCr, Oy EIRDLDICRET 5 &
LT3, (Fig 2—17)
FeCr,0, +2XCs +20; —= 2(s,Cr04 +Fe
ZORLIUNERT WML, 2F YV RABREADOF > D EF XN EDOREEIH 5 B

(2—14)

T, AR LERLBEERG B3B8 L LTS,
COEIICLT, BEBESBEELL®E, CSRAF VYLV RERSLEERIET %, (Fig2—8)

XCs+Cr+20, — Cs,Cr0y (2—185)

CORIBICED, BAEANELZK RCEFEFOCrBENEDT 5, (Fig 2-9)
FCCA—RF 74 tDOCr@&N5~10wtBLUTIRIETT S L, FCCH—R2 T+ 4 2 5BCC
7234 VOHERKEC 2, CORFRLLINAFA~ODHREIR O 2O8EZ LN
5. EHE1ERE, Fe, Cr, Ni, U OHHEEN7 =74 PP TEL—27F+4 M4
RICHERKECNNEETH B,

WICE2FBICE, 774 rHBOCOBEREMNAL -7+ 4 PHEPEIDGNECES
CETHB, RF VIV RBOBBILL OB 2FEOHRIC L DR FIC Cry Cq SEWT 3,

ORI BRRTCr ERIEL

2'1-3 CrgegCs +XCs+4+ 20, —= Cs,CrO, +26*—3C (2—186)

4Gy, (T=700°C)=— 147 Kcal /mol

HEHCHMRACH -~ TATICHEHEL, ROREBILL VBRI ZLRT 5, (Fig. 2—10)

6C+23Cr CrqesCy (2-17)

4G (T=700°C) = —1 8 Kcal,/mol

COLA2-16, 2—17 OREECDEZL, CEIMESL LTERL, HAKB-T
Cs,CrOy MERT AL LR LIVARBANETLTYL



PNCT842-80-01

FUEL, (U,Pu)o2

&= GAP

SPINEL

CLADDING

FUEL, (U,Pu)02

CAESIUM URANOPLUTONATE
CBZ(U,PQ)O4

| GAP

CAESIUM CHROMATE
CSZCIO4

CrEO3

CLADDING

FUEL, {U,Pu)0;

CAESIUM URANOPLUTONATE
csa(u.ru)o4

CAESIUM CHROMATE

CstrO4

CLADDING

Fig. 2-8 Direct reaction of caesium with the cladding.
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FUEL, (U,Pu)0,

CAESIUM URANOPLUTONATE
082 (U,Pu)o 4

GAP
CAESIUM CHROMATE
CstrO 4

CHROMIUM
DEPLETED STEEL

CLADDING

FUEL, (U,P’u)Oz

CAESIUM URANOPLUTONA'
Cs, (u,Pu)o 4

CAESIUM CHROMATE

CsGCJ:'C)4
o (Ferrite)
¥ (cr,71 DEPLETED){(Austenite)
CHROMITH
CARBIDE -
PRECIPITATE

CLADDING

6
cG + xCs + 202 - CstrO4 +230

Fig. 2-10 Caesium attack on grain boundary carbides.
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L4 F & ® .

HEBRRBRBENT 5270 ThH B, Jﬁﬁﬁ%@f\“-}v#&b\ﬁ%ﬁﬁ#%C@3’303
EFVOEOELFTORVERSTS S, REOFRICEY 3RERRBRTE, BE, BE
FFY vy VEORUEBEALLEEZGNEHEAETS, 3250BENECH, X, 55
DRIFENEISBVEOIBRONT VA MNAESN D, Gotzman®E F L TRIEA|EHK O
SR, BN EE-RBENTEOREED 7 Y+ THEE LTS, D%h, —HH
BENMTOEN (RE, BERAT v+ F) BRALIICHEISNEGES TS, BIED
BHEE, Fvov 72V 73 v2E0RVCIOBRBET-BEEATHOBEEZNEL
LDz EiEY reaction potentialMEDLBELTINS, |

Adamson et al, @E=F AT, C@Eﬁﬁ%@/\“?‘V#FCOL\fli%ﬁ-é‘f, EERNR
EZHTTOBREAEENIKBI>CLELENELT NS,

Bradbury et al. (7, HBEERE COI R VERMBAHEEC A3 EIKED, 2O
FYFRHBETEBLELT S,
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2 WEERAORBERAOBH

M OMHERRELT, RPRERTZOZ 5 v 7B HBEERI SR BN B C L
5%,

C OWBERSOWED A = X4, Calais et al ® 1 &3 HDHEBE L, Adamson
ot 1P 2 CoTe BAIC L HMEBED 2 2B ELLRTNE, RKLD2ODAEEE
anva,

2.1 Ttk aEE _
LA WBERSOHEBREL, REBETHEEELONZ, COBBICIEE Van
Arkel —de Boer BEHBEIONTWV S,
D, Calaie et al (2 Cs. 1 BEERARGM bBHRKRDL > BRBEELT B,
B & 8 =& AR O OE
EE % 2Cs+ 1, p 2Csl

¥

Csl+ (U,Pu)0y,4, + steel

g CSg (U,Pu)Orl- (U, Pu)02+,
+Steel' (dechromed)+Crlq+

Felp,+Mnl,

[

y<x

Cry+Fel+Mnl+1,7

2Cs+I,—2Csl

MENETCs & IHBEALCsIENS, CsliZRERETHRER 779 7RHARHEVITE
HELUEMALAEALT, BREAMCBE T3, HEETRECIETNEI T TCIHUBER
SRUBEERIGL, TR0 vt EERT 2, Ricch o003 vEHRIERER
IV HBEEFEABN THREEES30VE 75 v 7PHRANCABH L THRBARCBH L
FCCRET S, [EFCTCHUCSEHEALTCI ¢3D, ALARE VET L ELD
2, COEINLVELRESETSALBR, BEERSEIBRHPCEREL CsRBRET
hICERBET A LICIEE,
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22 Cs—Te mixture it X 24
M. G, Adamson et al. 1%, BEERS DMK ~OHZEERE —WEEF v » 7t DU
Cs—Te mixture C L » THBPL T 3B,
TOBBEERICRT,
Step 1 : WEERE (BB T, T Fe, Cr, Ni ® Telluride (M Tep; M=Fe, Cr, Ni)
BERIN B,
Step 2 : M Teg @ Cs—TelE B~ DIERE
Step 3 :EBLAM Tep DEEARK L ZRBEE~OBH
Step 4 : BMEEZERUBREAR (AET,)TOM Te, ODHREEMDILE
Step 5 : Te, Cs DEEARICLIIZBHEETNT~OBH
LDl ~5DBBMHUVRBENZCLUL-THEAEIASIEREBRE~BH T2, L%
LERBRXTEDLTERDL DL B,
(M) clad+n{ Te } mett " {M Tep}melt (2—18)
Ty (ca 650°C) — Tq, (T2>T,)
RECOBEOTME® AR IFENICEET 3,

2—18Ricky
45 4H

=Ky =exp(—)sexp (——) (2—19)
R RT

LZTal; iRAOER
45y, dHy ; 2—-18XORBHOT Y FrE-RUTT V2L E—F(L

Ky ; T ER _
Cs—TeBROM Te, P2V THEFHBROREBR LT B2ETHiT, TOBEEE Cy
Te, & LT,

au Ten = ky. Cu Ten ky = const. (2—20)

BRI 2
2—19,2—20k D ayld R F Y LABOMDELSFENYKZELWELT, X4Suid, €
CTHRONIBEBET—ETH B &2

4H
CMTa=lktM'NM'a‘I?e'exP('_ﬁM') (2—21)
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LEbah s, HL, ky = Const
2—21RDar i3, RORBWILL->TEFELEZ
2{Cs}me1t+{Te}melt={Csz Te}rnelt

(2—-22)
XoHIL, CCTOCsDFERIF, ROBPRETORBLL-THRES LT B,
x{Cs}melt +<FOg-u >+ Z(0) fuel =<Cs,F Qs +,-5> (2—23)
TZTFHEU, Purkbd,
(2—-22), -2 OFHEBEFELY are® Pop TEDL 2-20~RATHI
Ct meat = Kt , Nir, PS, - exp (-ﬁ,’") (2—24)

ETL B,

2D RU Q2B BBEELERAUBRBRETRYLT 2&Thid, CORKE, 4Cu
KEOHBERDIBBHT S EILL S,

. a 4Hy 4Hy
4Cy= Cy,ro—Cu,mn=Kn * ate [ Nay, 12 €xp (———)— Ny,11€xp (—) }

(2—25)
2 RT,
iz, Ficks First Law 2AWVWTZ ORBOFEERE*EZ b,
dWy _ Dy 4Cx (2—26)
dt leff

TCT, Wy ; BBEOBEAMEZER (la’ )0 oHUKRHE (1h)ZHESNIRFIMOE

2 (gm)
Du ; Cs—Te AP OWHEMAES (=28x10 m®hr™)
t s EE O

4Cy ;: BEZE (gmoen?®)
leff; ¥+ v 7, cHLEIEROALHEILEZ SN S,
leff (mX10°*)=254—51B.U, (at%) for 0<B.U =4

=51 for B.U =4
2-286RERAT AL

Dy dCy t=t' Dy 4Cy ==t
AWy v = 4t + t (2—-21
w = (o A g A
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CZTtNE, 4 at%B.U CHEYT ERETH B,
BHEOEGEEGETHNIT, dWyld, KO L HiLET 3,

AWy ==685X 107" 4Cy » (t—1t") - (2—-28)

COREFACTEEDOFATORREFMEL/-HD% Table 2—2 K FRT,



TABLE 2-2 CONDITIONS AND RESULTS FOR IRRADIATION TEST PENS SHOWING CLADDING COMPOWENT CHEMICAL TRANSPORT

CLADDING PEAK PEAK
FUEL INNER PEAK PIN  CLADDING max RATE OF WI. LOSS
COMPOSTION DIAMETER B.U. POWER I.D. TEMP. IRRADIATION TIME(hrs)® ¥CCT dFCCI ZAWM (ug.cm_zhr_l) ACM
FUEL PIN NO. REFERENCE (0:M) PuQ» (mm) (at.%) (W/om) T,(°C) Total(t) to 4 at.Z{t') (um) (um)_(mg.cm-2 Overall Adjusted (mg.cm“s)
WsA-2-17 5 (WARD) (.973 25 5.08 7.2 33.1 620 (9000) (5000} ~25 ~25 20 2.2 5.0 73
P-234-21 3,7(MEDL) 1.984 25 5.08 5.0 42.3 700 4618 (3700) ~7 33 5.6 1.2 6.1 89
P-23A-20 6,7(MEDL) 1.984 25 5.08 9.4 42.3 675 8685 (3700) ~47 ~100 38 4.3 7.5 109
P23A-24 7 (MEDL) 1.966 25 5.08 9.4 42.3 675 8685 (3700) <5 25 <4 <0.5 <0.8 <12
F-1/G-4 8 (GA) 1.983 15 6.60 13.0 43.6 680 (17,000) (5230) ~80 109 64 3.8 5.4 79
SNR/Rapsodie 9 1.99+.01 30 5.24 10.6 ~49 ~620 8750 (3300) ~20 80 16 1.8 2.9 42
DFR-304(61,62) 11 1.995 20 6.27 6.3 ~49 ~673 (6950) (4410) ~28 ~100 22 3.2 8.7 127
CFCO1-0 15 (MDL) 2.00 20 5.24 (>50) ~49 700 1030 - ~80 150 64 62 62 905
CAL-1 Series 14 (GE) 1.987 25 5.08 (>50) 44.3 ~675 256 - ~110 2380 88 ‘344 344 5000

a) Parentheses indicate estimated irradiation times.

B L, deccr;#EBERIED wastage DB

10-08—¢¥8.LONd
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2.3 &% & »

BEBESOBBEE~NOBHICHT I 4 7 =X2 1, fildo L Hic, FCCIHEDODMES
i€, Van Arked — de Boer BEC I Z3MEBELRBINLKET TH - bt &I,
AdamsoniC X A2 HrLiv A =X s BBE NI, |

LdL, BEDLLA, CO220A8THY, ICAODHRICHNREBAZHERT -4 K
CEABARROT -4 OEMBRRLTED, ARCOFTEOHRABLETSHELEALS
N



PNCT842-80-01
H L A &

FCClAFMT 2HEAIC, ZOEBLUIBRBEYAOMLFELFCCI ODBBIZ >V THE
=T -7,

BME Y RNOAELBOTRGBEENRTREE L LKBERT Y » 4 TH B, HEME
LMFBREAMDES, BEHEIMKLIOBRETOO/ MERM 2IKENELBORRERT ¥ ¥
» I —100kcal /mol THh 3, FCCILICBWWTEBERLFPIICsOMI, TeTHY, £
5 OBELE Y N TOEIEKAE, BEHRANZNEHE, THubs, BE, BEKXTF v e, CsFE, He
BENSSIRERET 3ENTHTH S, Cs LIMBBBORT 7 ¥ 7y F U0, &DRIEE,
CsOBMAMBHICHEBELTEETSHE, MBEYHNTRCs, (U, Pu) OB KT Cs U0 15&
BT 2EMTFHRIN, CORBICLVBE—BEES+ v 7POCsHERREENDHLEZS
ha, BESOEEOADOIECsyCr0, (X=34) &L CsOH BEETHY, T/, JHFRHL
LTHEETRSOEERTOA» SHBERS2O 3 vESBLIU T A LB ERICANLSLE
DB B, ChoDAYOEREGRERELTTEN TH LY, EEORBEVYA~NDERK
EBLTRBREEE—HESATORE, BRRF Yo, CsHEFEORHFLTEEICTFMHMT S
KRENRDH 5, ‘

Wi, FCCIOBE LI LTIZCEEAMALALEFVRIKLAGREDOET VERDIE, 2TK
FeREEhZbDE»0TH B, COHIF, Fi, FHESDHFCCIDHMAZLDHONBLC
C2~3EDBICE LT ERSEY, T, EFVBECLESFP KBET2ERNTRIE
F— R BRERE - THEAL - TELIHEELIBND, LrL, ThoDBRT - 2HOEHE
IR ENHBEITH S, Cst&HRBLTREEOE ORI L D HENEREOFT
F— A MELNTINE, [ BEIFTelfb@BICO>TREXELFBHELIAT ~2WLZ L, #
5T, 4%, ChootaHIBIs27-20NESEEN L.
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Table A-1. Standard thermodynamic properties of compounds

related to cesium chemistry

§°(298) | -AHE®(298) | -ASE°(298) | -AGE°(298) | o ¢

cal/mol.K kcal/mol cal/mol.K keal/mol :
Cs20(c) 35.10 82.69 30.10 73.72 24
CsOH(c) 23.60 99,60 36.86 88.61 21
CsOH (L) 28.31 97.04 32,15 87.45 21
CsOH(g) 60.87 62.0 - 0.41 62.12 21
Cs2U0, (<) 52.50 460 .4 98.25 431.1 39
Cs2U207(c) 79.30 764.6 157 717.8 39
Cs,U,012(c) 122.9 1331 260.5 1253.6 43
Cs»Cr207(c) 78.89 499.79 144.62 456.68 37
Cs5Cr04 (c) 54.63 341.78 89.7 315.04 | 3
Cs3Cr0y (c) 70.75 368.71 93.93 340,71 46
Cs4Cr0y (c) 86.52 379.45 98.23 350.16 46
CssCr0y (c) 102.77 383.84 102.53 353,27 46
Cs2Mo0, () 59.36 362.0 86.19 336.30 24
Cs2M0207(c) 81,2 550.3 144,7 507.2 29

_A.l_
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Table A-2. Thermodynamic tables of compounds related to

cesium chemistry

cs(e), Cs(1), Cs(g) — JANAF Tables (29)
CsOH(c), CsOH(l), CsOH(g)— JANAF Tables (21)
 Cs,0(c) — Flotow's results(25)
Cs,U0, (c) — O'Hare's results(35)
0,(g), Hy(g), H,0(g)  — JANAF Tables (29)
Cr{c), Cr,04(c) — JANAF Tables (22)
Mo(c), MoO, (c) — JANAF Tables (20)

_A_z.._
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Cesium {(Cs)

{Crystal} GFW = 132,905
——— gibbs/mol N I, kcalfmol ——————\
T,°K cp® s° -(G°-H"sec) /T Ho-H"sec AHZ AGE Log Kp
0 .Qoo 000 INFINITE - 1.844 . 000 .000 INFINITE
100 6.169 13.134 26.443 - 1.331 . 000 .000 .000
200 b.645 17.556 21.007 - .690 .000 000 000
298 7.695 20.351 20.351 .000 .000 .000 .000
300 7.733 20.399 20.351 .014 000 .000 .000
400 8.620 22,775 20,669 .B842 - 434 .156 - .085
500 8.890 24.733 21.292 1.720 - .305 .289 - 126
600 8.970 26.361 22.005 2.614 - .153 . 394 - 14k
700 8.990 27.746 22,729 3.512 . 005 473 - 148
800 8.995 28,947 23,433 4,411 .164 .528 - 144
900 9.000 30.006 24.106 5.311 .325 +565 - .137
1000 9.000 30.955 24,744 6.211 - 15.596 1.404 - . 307

June 30, 1968

_A'3_.
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Cesium (Cs)

(Liquid) GFW = 132.905
—_— pibbs/mol \ . keal/mpl —mMm8M——n\

T,°K cp® s° ~(G®-H°sec) /T H°-H°sec AN AGE Log Kp

1]
100
200
298 7.753 22.005 22,005 .000 .499 .006 - .004
300 7.747 22.053 22.005 0l4 . 499 .003 - .002
400 7.533 24,250 22.306 JIT7 .000 ,000 000
500 7.446 25,920 22.869 1.526 .000 .000 .000
600 7.409 27.274 23,494 2.268 . 000 .000 .000
700 7.395 28.415 24,117 3.008 .000 .000 .000
800 7.393 29.402 24,718 3.748 .000 .000 .000
900 7.399 30.273 25.287 4,487 000 . 000 .000
1000 7.409 31.053 25.826 5.228 16.080 .821 - 179
1100 7.422 31.760 26.334 5.969 15.835 2.500 - 497
1200 7.437 32.407 26.813 6.712 15.589 4,155 - . 757
1300 7.454 33.003 27.267 7.457 15,341 5.791 - .974
1400 7.472 33.556 27.696 8.203 15.093 7.406 - 1.156
1500 7.491 34.072 28.104 8.951 14.842 9.005 - 1.312

June 30, 1968
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PNCT842-80-01

Cesium (Cs)
(Ideal Gas)

GFW = 132.903

——— gibbs/mol \ - kecal/mp} —mmm——
T,°K cp°® 5° -(G°-H°sec) /T H-H%sec AHg AGE Log Kp
0 .000 .000 INFINITE - 1.481 18.689 18.689 INFINITE
100 4,968 36.515 46.359 - .984 18.667 16.328 35.606
200 4.968 39.959 42,397 - . 488 18.527 14,042 15,344
298 4,968 41,942 41.942 .000 18.329 11.883 8.710
300 4.968 41.973 41,942 .009 18.315 11.843 8.628
400 4,968 43,402 42.137 .5086 17.53¢ 9.889 5.403
500 4.968 44,511 42.505 1.003 17.298 8.002 3.498
600 4.968 45,417 42,917 1.500 17.053 6.167 2.246
700 4,968 46,162 43.330 1.996 16.809 4.372 1.365
800 4.968 46.846 43.729 2.493 16.566 2.611 .713
900 4.968 47.431 44.109 2.990 16.324 .882 L214
1000 4.968 47,954 44,468 3.487 .000 .000 .000
1100 4.968 48,428 44,806 3.984 .0G0 .000 000
1200 4,969 48.860 45,127 4.480 000 .0D00 000
1300 4.971 49,258 45.429 4.977 000 .000 .000
1400 4.975 49,627 45,716 5.475 .000 .000 .000;}
1500 4,981 49,970 45.988 5.972 .0c0 000 .000
1600 4.992 50.292 46.247 6.471 .000 000 .000
1700 5.008 50.595 46.494 6.971 .000 000 .000
1800 5.031 50.882 46.730 7.473 .000 . 000 .000
1900 5.062 51.134 46.956 7.977 .000 Q00 .000
2000 5.102 51.415 47.172 ~8.485 .000 .000 .000
2100 5,154 51.665 47.380 8.998 . 000 000 .Q00
2200 5.218 51.906 47.581 9.517 .000 000 000
2300 5.295 52.140 47.774 10.042 .000 .000 .000
2400 5.385 52,367 47.960 10.576 .000 .000 .000
2500 5.491 52.589 48.141 11.120 .000 .000 00
2600 5.613 52,807 48,316 11.675 . 000 . 000 .00
2700 5.752 53.021 48,487 12.243 . 000 .000 .000
2800 5.908 53.233 48.652 12.826 . 000 . 000 .000
2900 6.085 53,444 48,814 13.425 . 000 .000 .000
3000 6.282 53.653 48.972 14.043 000 .000 .000
3100 6.502 53.863 49.126 14.682 .000 . 000 .000
3200 6.747 54.073 49,278 15,345 000 .000 .000
3300 7.018 54.285 49.426 16.033 .000 L000 .000
3400 7.317 54,498 49,572 16.749 . D00 .000 .000
3500 7.647 54,715 49.716 17.497 L 000 .000 .000
3600 8.008 54.936 49.858 18.280 .000 .000 .000
3700 8.403 55.160 49.998 19,100 .000 .000 .000
3800 8.831 55.390 50.137 19.961 .000 .000 .000
3900 9.294 55.625 50.275 20.867 .000 .000 000
4000 9.790 55.867 50.411 21.821 .Q00 000 .000
4100 10.318 56,115 50.548 22.826 .000 000 .000
4200 10.876 56.370 50.683 23.886 .00 .000 . 000
4300 11.461 56.633 50.818 25.003 .000 000 .000
4400 12.069 56.903 50.954 26.179 .000 .000 . 000
4500 12.694 57.182 51.089 27.417 .000 .000 +000)|
4600 13.331 57.468 51.224 28.718 . 000 .000 .000]
4700 13.972 57.761 51.360 30.083 .000 L0060 .000
4800 14,612 58.062 51.497 31.513 .000 000 . 000
4300 15.242 58.370 51.634 33.005 .000 . 000 .000|
5000 15.855 58.684 51.772 34,560 .000 .000 000
5100 16.440 59,004 51.910 36.176 .000 .boo .000|
5200 16.999 59.328 52.050 37.848 .000 .000 Q00|
5300 17.516 59.657 52,190 39.574 .000 .000 .000
5400 17.989 59.989 52.332 41,350 ,000 .000 . 000
5500 18.411 60.323 52.474 43,170 .000 .000 . 000
5600 18.780 60.658 52.617 45,030 .000 .000 000!
5700 19.091 60.994 52.761 46.924 .000 .000 .Q00|
5800 19.343 61.328 52.908 44,846 . 000 .000 .000|
5900 19.536 61.660 53,052 50.791 .000 .000 .000
6000 19.668 61,990 53,190 52.751 .000 .000 000,

June 30, 1968
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PNCT842-80-01

Cesium Hydroxide (CsOH)

(Crystal) GFW = 149,912
—— gibbs/mol ——— ———— kecal/mol —
T,°K cp® 5° -(G°-H*sec) /T H®~Hsec Fil: - AGE Log Kp
4]

100

200

298 16.220 23.600 23,600 .000 ~ 99,600 88.611 64.953
300 16.250 23.700 23.600 030 - 99,597 88.543 64.503
400 17.780 - 28.589 24,257 1.733 - 99.858 84.727 46.292
500 19,700 36.467 25.727 5.370 - 97.685 81,077 35.438
600 20.000 40.102 27.828 7.364 - 97.161 77.803 28,340
700 20.000 43.185 29,807 9.364 - 96.641 74.618 23.297
809 20.000 45.855 31.650 11.364 - 96.133 71.508 19.535
500 20.000 48.211 33.362 13.364 - 93,635 68.459 16.624
1000 20.000 : 50.318 34,954 15.364 - 111.228 64.645 14,128

June 30, 1971
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PNCT842—80-01

Cesjum Hydroxide (CsOH)

(Liquid) GFW = 149.912
—————— gibbs/mol \ — keal/mpl ————
T, K Cp® g° ~-{G°-H°sec) /T H°-H°sec Ang AGE Log Kp
1]

100

200 .

298 19.500 . 28.309 28.309 .000 97.037 87.452 64.104

300 19.500 28.430 28.310 .036 97.028 87.393 63.665

400 19.500 34.040 29.075 1.986 97.042 84.091 45,943

300 19.500 38.391 30.519 3.936 96.556 80.910 35.366

600 19.500 41.946 32.136 5.886 96.076 77.823 28,348

700 19.500 44.952 33.758 7.836 95,606 74,820 23.360

800 19.500 47.556 35,324 9,786 95.148 71.884 19.638

900 19,500 49.853 36.813 11.736 94,700 69.002 16,756
1000 19.500 51,908 38.221 13.686 110.343 65.350 14,282
1100 19.500 53.766 39.551 15.636 109.672 60.882 12.096
1200 19.500 55.463 40.808 17.586 109,010 56.476 10.288
1300 19,500 57.024 41.996 19,536 108.357 52.125 8.763}
1400 19.500 58.469 43,122 21.486 107.714 47,824 7.466
1500 192.500 59.814 44,190 23.436 107.080 43,567 6.348
1600 19.500 61.073 45.206 25.386 106.456 39.355 5.376
1700 19,500 62.255 46.175 27.336 105.841 35.179 4,523
1800 19.500 63.369 47.099 29.286 105.236 31.040 3.769
1900 19.500 64.424 87.98B4 31.236 104.640 26.934 3.098
2000 19.500 65.424 48,831 33.186 104.056 22,860 2.498

June 30, 1971
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PNCT842-80-01

Cesium Hydroxide (CsOH)

(Ideal Gas)

GFW = 149.912

/——————— gibbs/mel

o

AY
-(G°-H"sec) /T

'

keal/mol ————————

T,°K Cp s° H®-H°sec Ang AGE Log Kp
0 .000 .000 INFINITE - 2,828 - 60.935 60.935 INFINITE
100 8.298 49.627 70.662 - 2.104 - 61.450 61.810 135.085
200 10.899 56.301 61,928 - 1,126 - 61,762 62,037 67.791
1298 11.884 60.866 60.866 .000 - 62.000 62.122 45.537
- 300 11.895 60.940 60.866 .022 - 62.005 62.123 45,256
400 12.315 64.427 ° 61.339 1.235 - 62.756 61.960 33.853
500 12,529 67.200 62,243 2,478 - 62.977 61.735 26.984
600 12.665 69.497 63.266 3.738 - 63.187 61.466 22,389
700 12.777 71.458 64.300 5.011 - 6£3.394 61.163 19.096
800 12,886 73.171 65.304 6.294 - 63.603 60.831 16.618
900 12.999 74.695 66.264 7.588 - 63.811 60.471 14.684
1000 13.116 76.071 67.177 8.894 - B0.099 59.268 ~12.953
1100 - | 13.234 77.326 68.044 10.211 -~ B0.060Q 57.187 11.362
1200 13.350 78.483 68. 866 11.540 - B80.019 55.109 10.037
1300 13,462 79.556 69.648 12,381 - 79.976 53.035 8.916
1400 13.568 80.557 70.391 14,232 - 79.931 50.965 7.956
1500 13.667 81,497 71.101 15.594 - 79.885 48.896 7.124
1600 13,759 82.382 71.778 16.966 - 79,840 46.833 6.397|°
1700 - 13,844 83.219 72,427 18.346 - 79.794 64,771 5.756
1800 13.921 84.012 73.049 19.734 - 79.751 42.712 5.186
1900 13.992 84.767 73.646 21.130 - 79.710 40.655 4,676
2000 14.057 85.4386 74.220 22.532 - 79.673 38.601 4,218
2100 14,116 86.173 74,773 23,941 - 79.642 36.548 3.804
2200 14.169 86.831 75.306 25.355 - 79.618 34.497 3.427
2300 14,218 87.462 75.821 26,775 - 79.601 32.446 3.063
2400 14.263 88.068 76.319 28.199 - 79.596 30.395 2.768
2500 14.304 88.651 76.801 29.627 - 79.603 28,348 2,478
2600 14,341 89,213 77.267 31.059 ~ 79.622 26.295 2.210
2700 14.376 89.755 77.720 32.495 - 79.656 24.244 1.962
2800 14.407 90.278 78.159 33.934 - 79.708 22.192 1.732
2900 14.436 90.785 78.586 35.376 - 79.778 20.134 1.517
3000 14.462 91.274 79.001 36.821 - 79.870 18.077 1,317
3100 14.467 91.749 79%.404 38.269 - 79.984 16.015 1.129
3200 14.509 92.209 79.797 39.719 - 80.125 13.950 .953
3300 - 14.530 92.656 80.180 41.171 - 80.293 11.880 . 787
3400 14.550 93.090 80.553 42,625 - 80.492 9.804 630
3500 14,568 93.512 80.918 44,081 - B0.726 7.721 482
3600 14,584 93.923 81.273 45.538 - 80.997 5.632 . 342
3700 14.600 94.323 81.621 46.997 - 81.308 3.533 .209
3800 14.614 98.712 81.960 . 48.458 - 81.662 1.425 .082
3900 14.628 95.092 82.292 49,920 - 82.064 .690 .039
4000 14.640 95.462 82.617 51,384 - 82.516 2.817 .154
4100 14.652 95.824 82.934 52,848 - 83.022 4.957 264
4200 14.663 96.177 8§3.245 54.314 - 83.586 7.109 . 370
4300 14.673 96.522 83.550 55.781 - 84.208 9,276 471
4400 14.683 96.860 83.849 57.249 - B4.892 11,457 .569
4500 14.692 97.190 84,142 58.717 - 85.641 13.654 .663
4600 14,701 97.513 "84.429 80.187 - 86.455 15.673 .754
4700 14.709 97.829 84,711 61.657 - 87.335 18.107 .842
4800 14,716 98.139 84.987 63.129 - 88.281 20.360 .927
4900 14.723 98.442 85.259 64,601 - 89.293 22.632 1.009
3000 14.730 98.740 85.525 66.073 - 90.369 24.926 1.089
5100 14.737 99,032 85.757 67.547 - 91,508 27.246 1.168
5200 14.743 99.318 86.045 69.021 - 92.706 29.582 1.243
5300 14.748 99,599 86.298 70.495 - 93.959 31.950 1,317
5400 14.754 99.875 86.547 71.970 - 95.264 34,333 1.390
5500 14.759 100.145 - 86.792 73.446 - 96,615 36.748 1.460
5600 14.764 100.411 87.032 74.922 - 98.008 39.183 1.529
5700 14,769 100.673 87.269 76.399 - 99.436 41.686 1.597
5800 14,773 100.930 87.503 77.676 - 100.895 44,136 1.663
5900 14.777 101,182 87.732 79.353 - 102.378 46.648 1.728
6000 14,781 101.431 87.959 80.831 - 103.877 49,187 1,792

June 30, 1971
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PNCT842-80-01

Oxygen, Diatomic (0z)

{(Reference State - Ideal Gas) Mol. We. = 31.9988
j——— cal.mole ‘deg,”?! \ — keal.mole™! ———
T, K cp® he -(F°-H°sec) /T H°-H°sec AHg AFE Log Kp
0 . 000 . 000 INFINITE - 2.075 . 000 .000 .000
100 6.958 41,395 55.205 - 1.381 .000 .00o .000
200 6.961 46.218 49,643 - .685 .000 .000 .000
298 7.020 49.004 49.004 .000 .000 .000 .000
300 7.023 49,047 49.004 .013 .000 .000 .000
400 7.196 51.091 49,282 L724 .000 000 .000
500 7.431 52.722 49,812 1.455 .000 .000 .000
600 7.670 54.098 50.414 2.210 .000 .000 000
700 7.883 55,297 51.028 2.988 000 .000 .000
80O 8.063 56.361 51.629 3.786 . 000 .Q00 .000
900 8.212 57.320 52.209 4,600 .000 .000 .000
1000 8.336 58.192 52.765 5.427 .000 .000 .000
1140 8.439 58.991 53.295 6.266 . 000 . 000 .000
1200 8.527 59.729 53.801 7.114 .000 .000 .000
1300 8.604 60.415 54.283 7.971 .000 .000 000
1400 8.674 61.055 54,744 8.835 .00 .000 .000
1500 8.738 61.656 55.185 9.706 .000 . 000 .000]| .
1600 8.800 62.222 55.608 10.583 .000 000 .000
1700 8.858 62.757 56.013 11.465 .000 .000 .000
1800 8.916 63.265 56.401 12,354 .000 .000 000
1900 8.973 63.749 36.776 13,249 .000 .000 .000
2000 9,029 64.210 57.136 14,149 .DO0 .000 000
2100 9.084 64.652 57.483 15.054 .000 000 . 000
2200 9.139 65.076 57.819 15.966 .000 ,000 .000
2300 9.194 65.483 58.143 16.882 .000 .000 .000
2400 9.248 65.876 58.457 17.804 000 .000 .000
2500 9.301 66.254 58.762 18.732 000 .000 000
2600 9.354 66.620 59.057 19.664 .000 .000 .000
2700 9.405 66.974 59.344 20.602 . 000 . 000 .000
2800 9.455 67.317 59.622 21.545 .000 .000 000
2900 9.503 67.650 59,893 22.493 . 000 .000 .000
3000 9.551 67.973 60.157 23.446 .000 .000 .000
3100 9.596 68,287 60.415 24,403 000 .000 000
3200 9.640 68.592 60.665 25.365 .000 .000 000
3300 9,682 68.88¢9 60.910 26.331 .D00 000 .000
3400 9.723 69.179 61.149 27.302 000 .000 .000
3500 9.762 69.461 61.383 28.276 .000 .000 .000
3600 9.799 69.737 61.611 29,254 .000 .000 .000
3700 9.835 70.006 61.834 30.236 .000 .000 .000
3800 9.869 70.269 62.053 31,221 . 000 . 000 .000
3900 9.901 70.525 62.267 32,209 .000 . 000 .000
4000 9.932 70.776 62.476 33.201 .000 .000 .000
4100 9.961 71.022 62.682 34,196 .000 . 000 .000
4200 9.988 71.262 62.863 35.193 .000 .000 000
4300 10.015 71.498 63.081 36.193 000 .000 .000
4400 10.039 71.728 63.275 37.196 .000 .000 .000
4500 10.062 71.954 63.465 38.201 .000 .000 .000
4600 10.084 72.176 63.632 39.208 L000 . 000 .000
4700 10.104 72.393 63.836 40,218 000 . 000 .000
4800 10.123 72.606 64.016 41.229 .000 .000 .000
4900 10.140 72.814 64,194 42,242 .000 .000 .000
5000 10.156 73.019 64.368 43.257 .000 .000 .000
5100 10.172 73.221 64.540 44.274 .000 .000 .000
5200 10.187 73.418 64.708 45,292 .000 .000 .000
5300 10.200 73.613 64,875 46.311 .000 . 000 .000
5400 10.213 73.803 65.038 47.332 .000 .000 000
5500 10.225 73,991 65.199 48.353 .000 .000 000
5600 10.237 74,175 65.358 49,377 .000 .000 .000
5700 10.247 74.356 65.514 50.401 . 000 .000 .000
5800 10.258 74.535 65.668 51.426 .000 .000 .000
5900 10.267 74,710 65.820 52,452 .000 . 000 .000
6000 10.276 74,883 65.970 53.479 000 .000 .000
Dec. 31, 1960; Mar. 31, 1961; Sept. 30, 1965




PNCT842-80-01

Hydrogen (H;)

{Ideal Gas - Reference State)

Mol. We., = 2.016

/——— cal.mole 'deg, " 1e—
-(F°~-H°gec) /T

e kcal.mole'l A ¥

March 31, 1961

T,°K Cp° 5° H°-H®sec AHE AF2 Log Kp
0 . 000 . 000 INFINITE - 2.024 .000 .000 .000
100 5.393 24,387 37.035 - 1.265 .000 000 .000
200 6.518 28.520 31.831 - .662 .000 .000 .000
298 6.892 31,208 31.208 .000 .000 .000 .000
300 6.894 31.251 31.208 .013 000 .000 .000
400 6.975 33,247 31.480 . 707 .000 .000 .000
300 6.993 34,806 31.995 1.406 .000 .000 .000
600 7.004 36.082 32,573 2.106 000 000 .000
700 7.036 37.165 33,153 2.808 .000 .000 .000
800 7.087 38.107 33.715 3.514 .000 .000 L000]
900 7.148 38.946 34,250 4.226 000 .000 .000
1000 7.219 39.702 34,758 4,944 .000 .000 000
1100 7.300 40,394 353.240 5.670 . 000 . D00 000
1200 7.390 41.033 35.696 6.404 .000 .000 .000
1300 7.490 41,628 36.130 7.148 .000 . 000 .000
1400 7.600 42,147 36.543 7.902 .000 .000 .Q00] |
1500 7.720 42.716 36.937 8.668 .000 . 000 .000
1600 7.823 43,217 37.314 9,446 .000 .000 .000
1700 7.921 43.695 37.676 10.233 .00 .000 000
1800 8.016 44,150 38.022 11.030 .000 .000 .000
1900 8.108 44,586 38,356 11.836 .000 .000 .000
2000 8.195 45.004 38.678 12.651 .000 . 000 .000
2100 8.279 45,406 38.989 13.475 .000 .000 .000
2200 8.358 45.793 39.290 14,307 .000 . 000 .000
2300 8.434 46.166 39.581 15,146 000 .000 .000
2400 8.506 46,527 39.863 15,993 .000 . 000 .000
2500 8.575 46.875 40,136 16.848 000 .000 .000
2600 8.639 47.213 40.402 17.708 .000 . 000 000
2700 8.700 47.540 40.660 18.575 .000 .000 .000
2800 8.757 47.857 40,912 19.448 000 . 000 D00
2900 8.810 48.166 41,157 20.326 L0090 .000 .000
3000 8.859 48.865 41.395 21.210 .000 . 000 . 000
3100 8.911 48.756 41.628 22.098 .000 000 .000
3200 §.962 49,040 41,855 22.992 . 00D 000 .000
3300 9.012 49,317 42.077 23.891 .000 .000 .000
3400 9,061 49.586 42,294 24.794 . 000 . 000 .000
3500 9.110 49,850 42,506 25.703 .000 000 .000
3600 9.158 50.107 42,714 26.616 000 . 000 000
3700 9.205 50.359 42.917 27.535 000 . D00 .000
3800 9.252 50.605 43.116 28.457 . 000 . 000 . 000
33800 9.297 50.846 4£3.311 29,385 .000 . 000 .000
4000 9.342 51.082 43.502 30.317 .000 .000 .000
4100 9.386 51,313 43,690 31.253 .000 .000 .000
4200 9.429 51.540 43.874 32.198 .000 .000 .000
4300 9.472 51.782 44,055 33.189 .000 .000 .000
4400 9.514 51.980 44,233 34,088 . 000 .000 .000
4500 9.555 52,194 44,407 35.042 .000 .000 .000
4600 9.525 52.405 44,579 35.999 .000 .000 .000
4700 9.634 52,612 44,745 36.961 . 000 .000 .000
4800 9.673 52.815 44,914 37.926 .000 .000 .000
4900 9.711 53.015 45,077 38.895 000 .000 .000
5000 9.748 53.211 45.238 39.868 .000 000 .000
5100 9.785 53.405 45,396 40.843 .000 .000 . 000
5200 9.822 53.595 45.552 41.825 .000 . 000 .000
5300 9,859 53.783 45.705 42,809 000 .000 .000
5400 9.895 53.987 45.857 43,797 000 . 000 .000
5500 9.930 54.149 46.006 44,788 .000 .000 .000
5600 9.965 54.328 46.153 45,783 .000 .000 . 000
5700 10.000 54,505 46,298 46.781 000 .000 .000
5800 10.014 54.679 46.441 47.783 .0D00 000 .000
5900 10.067 54,851 46.582 48.788 .000 .000 .000
6000 10.100 55.020 46.721 49.796 000 .000 .000
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PNCT842-80-01

Water (H;0)
(Ideal Gas)

Mol. We. = 18.016

— cal.rnc:le"ldeg.'l

keal.mole”! ———

AJ r
T,°K cp® §° —(F°-H°3ec)/T H?-H’sec Aug AP Log Kp
¢] .G00 .000 INFINITE - 2.367 57.103 57.103 INFINITE
100 7.961 36.396 52.202 - 1,581 57.433 56,557 123.600
200 7.969 41.916 45,837 - . 784 57.579 55.635 60,792
208 8.025 45,106 45.106 .000 57.798 54.636 40.048
300 8.027 45.155 45.106 L0158 57.803 54.617 39.786
400 8.186 47.484 45,422 .825 58.042 53.519 29.240
500 8.415 49,334 46.026 1.654 58.277 52.361 22,886
600 8.676 50.891 46.710 2.509 58.500 51.156 18.633
700 8.954 52.249 47,406 3.390 58.710 49,915 15.563
800 9.246 53.464 48.089 4.300 58.905 48,646 13,289
900 9.547 54.570 48,744 5.240 59.084 47.352 11.498
1000 9.851 55.592 49,382 6.209 59.246 46.040 10.062
1100 10.152 56.545 49.991 7.210 59.391 44.712 8.883
1200 10.444 57.441 50.575 8.240 59.51¢9 43.371 7.899
1300 10,723 58.288 51.136 9.298 59.634 42.022 7.064
1400 10.987 59.092 51.675 10.384 59.734 40.663 6.347] -
1500 11.233 59.85¢9 52.196 11.495 59.824 39.267 5.725
1600 11.462 60.591 52.698 12.630 59.906 37.927 5.180
1700 11.674 61.293 53.183 13.787 59.977 36.549 4.699
1800 11.849 61.965 53.652 14.964 60.041 35.170 4.270
1900 12.048 62.612 54.107 16.160 60.09¢9 33.786 3.886
2000 12.214 63.234 54.548 17.373 60.150 32.401 3.540
2100 12.366 63.834 54.976 18.602 60.198 31.012 3.227
2200 12.505 64,412 55.392 19.846 60,242 29.621 2,942
2300 12,634 64,971 55.796 21.103 60.282 28.229 2.682
2400 12.753 65.511 56.190 22.372 60.321 26.832 2.443
2500 12.863 66.034 56.573 23.653 60,359 25.439 2.224
2600 12.965 - 66.541 56.947 24,945 60.393 24,040 2.021
2700 13.054 67.032 57.311 26.246 60.428 22,641 1.833
2800 13.146 67.508 57.667 27.556 60.462 21.242 1.658
2900 13.228 67.971 58.014 28.875 60.496 19.838 1.495
3000 © 13.304 68.421 58.354 30.201 60.530 18.438 1.343
3100 13.374 68.858 58.685 31.535 60.562 17.034 1.201
3200 13.441 69.284 59.010 32.876 60.596 15.630 1.067
3300 13.503 69,698 59.328 34.223 60.631 14,223 L9042
3400 13.562 70.102 59.839 35.577 60.666 12,818 .824
3500 13.617 70.496 59.943 | 36.936 60.703 11.409 712
3600 13.664 70.881 60.242 38.300 60.741 10.000 607
3700 13.718 71.256 60.534 39.669 60.782 8.589 .507
3800 13.764 71.622 60.821 41.043 60.822 7.177 L413
3900 13.808 71.980 61.103 42.422 60.865 5.766 .323
4000 13.850 72.331 61.379 43,805 60.910 4.353 .238
4100 13.890 72,673 61.651 45,192 60.957 2.938 .157
4200 13.927 73.008 61.917 46.583 - 61.006 1.522 .079
4300 13.963 73.336 62.179 47.977 - 61.056 .105 .005
4400 13.997 73.658 "62.436 49,375 61.109 1.311 .065
4500 14.036 73.973 62.689 50.777 - 61.164 2,729 .133
4600 14.061 74.281 62.938 52.181 61.220 4.154 .197
4700 14.091 74.588 63.182 53,589 - 61.279 5.576 .259
4800 14.120 74.881 63.423 55.000 - 61.339 6.998 .319
4900 14.148 75.172 63.660 56.413 -~ 61.401 8.422 .376
5000 14.174 75.459 63.893 57.829 - 6l1.465 9,844 .430
5100 14,201 75.740 64,122 59.248 - 61.532 11.275 483
5200 14.228 76.016 64.348 60.669 - 61.600 12.700 .534
5300 14.254 76.287 64.571 62.093 - 6l1.669 14.135 .563
5400 14.279 76.553 64.791 63.520 - 61.741 15.560 630
5500 14,303 76.816 65.007 64.949 - 61.813 16.995 675
5600 14.328 77.074 65.220 66.381 - 61.889 18.426 719
5700 14,351 77.327 65.430 67.815 - 61.965 19.862 .762
5800 14,375 77.577 65.637 69,251 - 62.043 21.299 .803
5960 14,398 77.823 65.842 70.690 - 62.122 22,736 .842
6000 14.422 78.065 66.044 72.131 - 62.203 24,174 .880

March 31, 1961
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Chromium {(Cr)

(Crystal) GFW = 51.996
——— gibbs/mol \ Y; keal/mol —————
T, %K cp® §° -{G°-R°sec) /T H°-H’sec AHE AGE Log Ep
0 .000 .000 INFINITE - .970 .000 . 000 .000
100 2.381 1.025 9.975 - .895 .0o0 . 000 .000
200 §.747 3.554 6.139 - 317 .000 .00Q . 000
298 3.601 5.645 5.645 . 000 .000 .000 .000
300 5.610 5.680 5.645 .010 .00 . 000 .000
400 6.030 7.353 5.870 .593 .000 . 000 .000
500 6.365 8.737 6.309 1.214 . 000 .000 .000
600 6.625 9.921 6.815 1,864 .000 .000 .D00
700 6.830 10.958 7.334 2.536 .000 .000 .000
800 7.035 11.882 7.846 3.229 .000 . 000 .000
900 7.290 12,725 8.342 3.945 .000 . 000 . 000
1000 7.615 13.509 8.820 4.690 .000 .000 .000
1100 8.000 14.253 9.280 5.470 . 000 .000 .000
1200 8.410 14.966 9.724 6.290 .000 000 .000
1300 8.871 15.658 10.154 7.154 .000 000 .000
1400 9,351 16.332 10.572 8.065 .000 .000 .000
1500 9.847 16.994 10.978 9.025 000 .000 .000
1600 10.356 17.646 11.374 10.035 .DO0 .D00 .000f
1700 10.875 18.289 11.762 11.096 .000 .000 .000
1800 11.402 18.926 12.142 12.210 .000 .000 .000
1900 11.937 19.557 12,516 13.377 .000 .000 .000
2000 12.477 20.183 12.884 14,598 Q00 . 000 .000
2100 13.023 20.805 13.246 15.873 000 . 000 .000
2200 13,572 21.423 13.604 17.202 4.622 157 .016
2300 14.125 22.039 13.957 18.587 4.177 . 364 .035
2400 14,681 22.652 14.307 2(.028 3.676 .551 050
2500 15.240 23.262 14.653 21.524 3.120 .716 .063
2600 15.801 23.871 14,996 23.076 2,508 .857 .072
2700 16.364 24,478 15.336 24,684 1.840 .974 079
2800 16.929 . 25.083 15.673 26.346 1.116 1.065 .083

June 30, 1973

—A.12-




PNCT842—-80-01

Cr203

Dichromium Trioxide (Cr,03)
{Crystal) GFW = 151.9902
p———— ¢ibbs/mol \ . kcal/mol —
K,°K cp® g° -{G°-H"sec) /T H°-H"sec AHE AGE Log Kp
0 .000 000 INFINITE - 3.653 269.800 269,800 INFINITE
100 5.797 2.412 37.199 - 3.479 279.817 264.644 578.374
200 11.024 10.243 21.646 - 2.271 271.409 258.181 282,127
298 28.767 19.396 19.196 .000 271.200 251.701 184,502
300 29,140 19.375 19.397 054 271.186 251,580 183.276
400 26.930 27.186 20.443 2.696 270.776 245.112 133,923
500 28.136 33,342 22.426 5.458 270.352 238.745 104.355
600 28.312 38.535 24,589 8.308 254,935 232,463 84.675
700 29,408 45.016 26.495 11.215 269.539 226.248 70.638
800 24,706 46.950 29.248 14,166 269,171 220.091 60.126
900 30.049 50.475 31.415 17.154 268.836 213.976 51.961
900 30.049 50.475 31.415 17.154 268.836 213.976 51,961
1000 30.350 53.657 33.483 20.173 268.546 207.896 45.436
1100 30.641 56.564 35.451 23,225 268.314 201.843 40.102
1200 30.911 59,242 37.323 26.302 268.149 195 807 35.661
1300 31.159 61.726 39.106 29.406 268.058 189.783 31.905
1400 31.414 64.045 40.805 32.536 268.047 183.764 28.687|,
1500 31.884 66.221 42.428 35.690 268.119 177.742 25.897
1600 31.904 68.272 43.880 38.868 268.276 171.712 23.455
1700 32.141 70.214 45,466 42.071 268.519 165.668 21.298
1800 32.375 72.057 46.843 45.296 268.855 154.609 19.379
1900 32.715 73.817 48,264 48.551 269.277 153.529 17.660
2000 33.023 75.503 49,584 51.838 267.782 147.427 16.110
2100 33,235 77.114 50.857 55.151 270.376 141.293 14.705
2200 33.347 78.670 52.086 58,485 280.312 134,818 13.393
2300 33.661 80.162 53.275 61.840 280.211 128.207 12.182
2400 33.875 81.599 54.425 65.217 280.097 121.599 11.073
2500 34,089 82.436 55.540 68.615 279.971 115.000 10.053
2600 34,334 84,827 56.624 72.035 279.824 108.402 9.112
2700 34,520 85.828 57.672 75.476 279.675 101.812 8.241
2800 36.716 88.845 58.693 78.939 279.507 95.227 7.433
2900 34.951 88.108 59.886 82.423 279.324 B8.647 6.681
3000 35.171 89,297 60.653 83.930 441.225 79.601

Dec. 31, 1973

5.799
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Molybdenum {(Mo)

(Crystal) GFW = 95,04
—————— gibbs/mol \ I, keal/mol ——=———\
T,°K Cp°® s® -{G"-H°sec) /T H°-H°sec AHE AGE Log Kp
0 .000 .000 INFINITE -~ 1.096 .000 .000 .000
100 3.232 1.679 11.469 - .979 .000 .000 .000
200 5,131 4.655 7.345 - .538 .000 .000 .000
298 5.729 6.837 6.837 .000 .000 000 .000
300 5.737 6.873 6.838 .011 .000 .000 .000
400 6.050 B8.569 7.067 .601 .000 .000 .000
500 6.246 9.942 7.609 1.217 .000 .000 .000
600 6,380 11.093 8.013 1.848 .000 .000 .000
700 6.476 12.084 8§.525 2.491 .000 .000 .000
800 6.552 12.954 9.026 3.143 .000 .000 000
900 6.622 13,730 9.506 3.801 .000 .000 .000
1000 6.698 14,431 9.964 4,467 .000 .000 .000
1100 6.794 15.074 10. 400 5.141 .000 .000 .000
1200 6.927 15.670 10.814 5.827 .000 .000 000
1300 7.090 16.231 11,210 6.528 .000 .000 .000
1400 7.274 16.763 11.587 7.248 .000 .000 . 000
1500 7.473 17.272 11.950 7.983 .000 .000 ’ .000
1600 7.684 17.761 12.298 8.741 .000 .000 .000
1700 7.906 18.233 12.633 9.520 .000 .000 .000
1800 8.140 18.692 12.957 10.323 .000 000 000
1900 8.377 19.138 13.270 11,148 .000 . 000 .000
2000 8.630 19.574 13.575 11.999 000 .000 .000
2100 8.897 20.001 13.871 12.875 .000 .000 .000
2200 9.190 2().422 14,159 13.779 .000 .000 000
2300 9.520 20.837 14,440 14.714 .000 . 000 .000
2400 9.920 21.251 14.715 15.684 .000 .000 .000
2500 10.463 21.666 14,985 16.703 .000 000 .000
2600 11.090 22.089 15.250 17.780 .000 .000 .000
2700 11.816 22.320 15,511 18.924 .000 .000 .000
2800 12.618 22.964 15.770 20.145 .000 .000 .000
2900 13.500 23.422 16.026 21.450 - 6.023 .019 - .001
3000 14.480 23.897 16.280 22.850 - 6.225 L 240 - 017
3100 15.400 24.386 16.534 24,344 - 5.731 L 450 - .032
3200 16.320 24.890 16.787 25.930 - 5.145 . 637 - 044
3300 17.240 25.406 17.040 27.608 - 4,467 . 810 - .054
3400 18.160 25.934 17.294 29,378 - 3.697 .961 - .062
3500 19.080 26.474 17.548 31.240 - 2.835 1.081 - .068
3600 20.000 27.025 17.804 33.194 - 1,881 1.179 - 072
3700 20.920 27.585 18.061 35.240 - .835 1.252 - 074
3800 21.840 28,155 18.319 37.378 .303 1.295 - 074
3900 22.760 28.734 18.579 39.608 . 1.533 1.307 - 073
4000 23.680 29,322 18. 840 41.930 2.855 1.283 - 070

Dec. 31, 1966
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Molybdenum Dioxide (MoQj)

{Crystal) GFW = 127.9388
———— gibbs/mol . ’
T,°K cp°® 5° -(G°-Hgec) /T H*-H"sec
0 .000 .000 INFINITE - 1,988
100 3.866 2,634 21.278 - 1.864
200 5.886 7.294 13.079 - 1,157
298 13.360 11,954 11,954 .000
300 13.407 12,037 11.954 .025
400 15.189 16.165 12.505 1.464
500 16.237 19.674 13,597 3.039
600 17.011 22.705 14.668 8.702
700 17.671 25,378 16.182 6.437
800 18.281 27.7717 17.484 8.235
900 18.873 29.965 18.751 10.092
1000 19.464 31.984 19.975 12.009
1100 20.064 33.867 21.153 13.984
1200 20.597 35.639 22.287 16.022
1300 21.307 37.319 23.379 18.121
1400 21.358 38.921 24.433 20.285
1500 22.629 40.459 25.450 22.514
1600 23,324 41.942 26.435 24,811
1700 24.041 43,377 27.389 27.179
1800 25.762 44,772 28.316 29.620
1900 25.348 46.132 29.218 32,136
2000 26.338 47.463 30.098 34,731
2100 27.153 48,767 30.936 37.405
2200 27.993 50.050 31.794 40.162
2300 28.558 51.313 32.616 43.004
2400 29.749 52.560 33.421 45.934
2500 30.665 53.793 34.211 45,955
2600 31.607 55.014 34,958 52.068
2700 32.574 - 56.225 35.752 55.277
2800 33.566 57.427 36.505 55.584
2900 34.585 58.623 37.247 61.991
3000 " 35.529 59.813 37.979 65.502

June 30, 1967

kcal/mpl —

AHE

139,317
140.004
140.434
140.500

140.499
140.361
140,134

139.856
139.542
139.194
138.809
138.385

137.921
137.419
136.875
136.296
135.675

135,013
134.306
133.557
132.761
131.917

131.024
130.083
129.092
128.054
126.980

125.876
124,749
123.606
129.077
127.519

AG3
139.317
135.960

131.715
127.415

127.334
122.963
116.639

114,364
110.140
105.964
101.632

97.746

93.704
89.707
85.752
81.841
77.972

74.147
70. 364
66.624
62.926
59.275

55.664
52.097
48.576
45.098
41.663

34,269
34,923
31.615
28,331
24.883

Log Kp

INFINITE
297.145
143.935

93.398

92.763
67.184
51.857

41.657
34.387
28.948
24.728
21.362

18.617
16.338
14.416
12,776
11.360]

10.128
9.046
8.059
7.238
6.477

5.793
5.175
4,616
4,106
3.642

3.217
2.827
2,468
2,135
1.813
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)

Thermodynamic properties of dicesium monoxide Cs20(c) e:n{tr.':tpola.ted(25
above 350K;M(Cs,0)=281.810g mol™?!

T c;(T) 5°(T) {g°(T)-B° ()} -{6c°(T-B°(O)H/T AGE(T)

K JK lmo1~? Jk~'mo1t kJ mol~! JK lmo1~? kJ mol™!
298.15 76.00 146 .87 17.678 87 .58 -308.42
400 79.4 169.7 25.59 105.7 -294.2
500 82.8 187.8 33.70 120.4 -280.2
600 86.1 203.1 42.14 132.9 ~266.3
700 89.4 216.7 50.92 143.9 -252.6
763 91.6 224 .5 56.62 150.3 ’ -244 .0

Thermodynamic functions of Cs,U0, (3%)
(calep = 4.184 J)

T H®.(T)-H® (298,15K)2 Cp s°(T) ~{G°(T)-H"(298.15K) }/T
cal o mol™? calthK'lmol'l calthK_lmol-l calyy, K 'mo1™?
298,15 0 36.511 52.50 52.50
300 67.6 36.57 ' 52,73 . 52.50
400 3846.3 38.75 63.58 53.97
500 7787.5 39.98 72.37 56.80
600 11830.3 40.83 79.74 60.02
700 15948.5 41.51 86.09 63.30
800 20129.,2 42.09 91.67 66.51
900 24365.0 42,62 96.66 69.59
1000 28651.7 43.11 101.17 72.52
1100 32986.5 43.58 105.30 75.32
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Table A-3. Standard'free energies of compounds related to

iodine and tellurium chemistry

ca{3m01 Temp.KRange Ref.

Cs(1) 4050 - 29.13T 600 - 950 41
cs(g) 20800 - 46.64T 600 - 950 41
22810 - 48.74T 950 - 1400 41

I2(g) 20730 - 72.93T 600 - 1400 40
Te (1) 9520 — 26.75T 723 - 1282 41
csI{c) _74490 - 42,27T 600 - 894 40
CsI(L) -61380 - 56,29T 894 — 1400 40
Fela(c) ~15430 - 59.39T 650 - 860 40
Fel, (1) 4300 - 81.99T 860 - 1366 40
Fel,(g) 30600 - 101.09T 600 ~ 1400 40
crIs(c) © -25710 - 62.01T 800 - 1066 41
NAT (c) - 8920 - 56.01T 600 - 1070 41
FeTes . o (c) 1740 - 33.05T 600 - 1200 41
NiTe(c) ~ 3300 - 30.29T 600 ~ 800 41
Fe(e) 4990 - 15.237 700 - 1184 41
9280 - 19.03T 1184 - 1400 41

cr(e) 4880 - 13.92T 700 - 1400 41
Ni(c) 5300 - 16.23T 700 - 1400 41

—A. 17—
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Table A-4. Thermodynamic tables of compounds related to

iodine and tellurium chemistry (40,41)

Data lists
cs(e), Cs(1), Cs(g)
I2(c), I2(1), I2(g), I(g)
Te(c), Te(l), Te(g), Tey(g)
FeIl,(c), Fels(1l), FeI,(g)
Crls(c)
Nil, (c)
CsI(c), CsI(1l), CsI(g)

FeTeg,9(c)

NiTe(e)
Fe, Cr, Ni

Symbols |
T = Temperature (K)
CP = Standard heat capacity (cal/mol.K)
H = Standard enthalpy (kcél/mol)
S5 = Standard entropy (cal/mol.K)
G = Standard free energy (kcal/mol)
BT = Beta function B(T) = -10%G(T)/4.575T
P = Vapor pressure - (torr)

—A. 18~
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Cs

Cs(qg)

Cs; (g)

PHASE

soL

S LIia

PHASE
GAS

PHASE
GAS

T

298
3od
302

302
404
500
600
700

700
80n
q00
952

298
300
400
500
600

700,

800
qt0
952

952
1000
1100

1100

1200
13080
14040
1500
1600
1700
iae0
1300
2000

298
300
408
508
600
700
800
900
g52

952
1000
1100
12010
1300
14006
1508
1600
ir7ot
1800
1900
2000

CP

7.705
T.731
7.753

7741
7.533
Tah46
7.408
T«39%

7396
7.39%
72396
72356

cP

4.968
4,9€8
4.9€8
4,9€8
4,968
4,968
4.9€E8
4,968
4e9EB

4.968
4,968
4o 9ED

4974
4,962
4.9€1
4,967
4.980
4.997
5.018
5. 041
5.066
5,093

ce

9. 087
9.088
9.155
9.222
9.290
9.357
9.424
9.492
9.526

9,526
9,559
S.626
9. 694
9.7€1
9. 828
9,845
9.963
10.030
10.097
10.1€5
16.232

014
026
0.499
«525
1.276
2.024
24766
3.506

3.516
4e240
4.985
5.367

H

18.515
i8.524
19.821
19.518
2G.015
20.511
21.008
21.505
21.761

21.761
22,002
22,499

22.499
22.995
23.491
23.988
244485
244984
25,485
25.987
264493
27.00%

25.40

25.417
26.329
27.248
28.173
29.106
30,045
38,991
31.46%

31,461
31.943
32,902
33,668
34.841
35.821
36.807
37.860
38,799
39.506
46,819
41.836

s

20,354
20.399
20.439

1.655
22.093
244248
25.918
27.272
28.:413

28.413
29.400
30.271
30.684

£

41.942
41.973
43.402
44,511
45416
46.182

464845

47.431%
47,708

‘hT.T08

47.954
48,428

48,428
48.860
49.257
49.625
49.968
50.290
50.593
50.881
51,154
51l.414

S

67.87

67.926
70.550
72.600
T4.287
795.725
76.978
78.092
78.622

78.622
79.096
86,0110
B0.851
81.629
82.355
83.03%
83.676
841282
84,857
85,405
85.4928

—A19-

G

-6.068
~6.,105
-6.137

-6.137

-5-‘32‘0
~1D0.935
-13.597
-16.382

-16.382
=19.274%
-22.259
-23. 531

G

6.010
£.932
1.8860
=2.737
=7.235
-111816
16,468
-21.183
=Z23.E37

~23.E37
~25.¢52
~30.772

-30.772
=35.636
-40.543
=45.487
“Z0.467
-ES.4LE0
-60.524
~£5.598
-70.700
-75.828

G

5.165
5.039
'1-891
-g,052
~-16.399
-23.901
«-31.538
-39.292

~43.336

=-43.336
474153
-55.109
-£3.152

-71.277-

=-79.476
‘87.7“6
-C6.082
-104.480
-112.937
~iz1.451
-130.018

aT

4ot 8
bakts 8
4,448

Lot 8
44603
4,780
4,953
5.116

5.316
5.266
G406
SelaTh

BT

“4.406
~4,322
-a907
1.197
2.636
3.690
4,500
S5e1ub
5.429

5429
5.673
6,115

6.115
6,491
6.817
7.102
7354
- T<579
7.782
7.95686
8.133
8.287

BT

-3-786
~3.671
1,033
3.957
5.974
7463
8.617
9.543
9.954

9.954
10.307
16.951
11.503
11.%84
12.508
12.736
13.126
13.434
13.71&
is3.gq72
14.210

002
.200
3747
29.803

29.803
139.292
4574278
760.
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I(g)

I:(g)

PHASE
set

LIo

GAS

PHASE
GAS

PHASE
GAS

T
" 298
300
387

367
Loa
458

458

298
300
400
500
6o
700
800
9ne
ig00
1100
1200
1300
15900
1500
1609
1700
1800
1980
2000

298
300
500
500
60D
700
808
9e00
1q00
1100
1200
1300
1400
1500
1600
1700
1860
1304
260¢

ce

13.011
13.027
15,188

19,281
19,281
19,281

8,932

<P

4.9786
4.877
he 954
L4949
4,950
4,955
4,961
4.969
4,977
4,985
4,994
5.003
S. 042
5,021
5030
S. 040
5.049
5,058
S.068

cP

8.81%
8.816
8,902
80949
8,980
9,005
9,026
9,044
9,061
9,077
9. 093
9,108
9,123
9,137
9,152
9,165
9,150
9,184
9,208

H

0

« 024
1,232
371
Lo 942
50192
Bbe 311
10,0
16, 311

H

25,52

26,529
264 026
26¢ 521
27. 018
27,511
28.007
28,503
29, 400
29. 498
29,997
30,497
30,998
31.500
32, 002
32,506
33.010
33,515
34o 022

H

14,919
14,935
15,822
16. 714
17.611
18,5110
19. 412
204315
21,221
22,128
23. 036
23.946
24 858
25.771
26,685
27.601
28.518
29, 437
304357

s

27,7586
27.839
31.363

9,587
40,9349
43,586
44,197
21,834
66,031

s

43,18

43,211
L4, 639
L5,744
46.646
47.409
48,078
48,656
49.1380
£9,655
50,089
50,489
50,860
51,206
51.530
51,836
52.124
52,397
52,657

S

62,277
620332
64,881
66.873
68,507
69,894
71,097
72:.162
73.11%
73.980
TLe770
75,499
764174
76,804
T7.3%4
77,950
T8.474
78.971
79,443

—A20-

G

=8,276
-8,327
-10,898

-10.906
=11.442
-13.,9322

-13.,932

G

12.646
12,566

8,170

3649

=2972
~5.676
~10.451
-15.287
~28.180
~-25.122
-30.109
~35.138
=40,206
~45,310
~50s 447
-55,615
«“60,813
-66.029
-71.292

G

"‘30 6“9
=3.764
=10,131
36,722
-~23.493
~30.415
«37.4B6
“h4,630
~51.895
~59,250
~66.688
‘7'}0 282
~81.788
“89.436
-97.146
-104,913
~112.735
«120,607
-128,528

er L

6. 067 = .319
boe 067 «372

6.159 93,131

60160 92, 046
64253 144,158
6e 643 739,435

6,649

et

-8.271
=-9,156
-4 LY
-1,595
¢ 354
1,772
2.855
3.713
4obi1
4,992
S.480
5,903
6.277
b, 6102
6,892
Ta151
7.385
7.597
7.791

BT

24575
2.743
5. 536
To.310
8,559
9,497
10,237
10.83%
11,343
11.774
12,147
12,476
12,769
13. 033
13,271
13. 489
13.690
13.875
14,047



PNCT842-80-01

Te PHASE
SoL

LIiaq

Te(g) . PHASE
GAS

Te, (g) . PHASE
GAS

T

298
300

400

560
600
7900
723

723
sqe
900
1000
11090
12340
1282

298
300
400
580
600
700
300
908
1800
1100
1200
1282

iza2
1300
is00
1500
i608
iro0
1800
isoo
2000

298
300
400
500
GOC
700
aco
9040
1000
i1400
1200

1282

1282
1309
1499
1500
1608
1700
1800
1908
2000

cp

6.144
6.154
6.682
7.210
7.738
8.266

~ 8.387

g.000
g.000
9.000
2.000
9. 000
92.008
9.000

cpP

LeG74
4,972
4,928
4.932
4, 954
4.985
5.020
5,058
5.098
5.139
5.180
5.215

5,215
5.223
5.265
5.308
5.351
5.394
5.438
5.4 81
5. 524

cP

8.683
8.687
8.874
9,046
9.212
9. 374
9.535
9.695
3.855
10.014
10,173
10.304

10.317
10.345
10.504
10.6€4
10.823
10.983
11,142
11.301
il.4610

H

]
011
653
1.348
2.095
2.895
3.087
4,48
7.267
7.963
8.863
G763
10.663
11.563
12.305

H

58.6

50.609
51,194
51.596
52,091
52.587
53.088
53.592
54,098
54.611
55.127
55,556

55,556
55.647
£6.172
56,700
57.233
57.771
58.312
5B8.858
59.408

H

38.03

38.046
38.924
39.820
40.733
41.663
42.608
43.570
44,547
45.541
46.5510
47.394

47.394
47.575
48.618
49.676
50.751
51.841
52.847
54.069
55.207

S

11.83
11.868
13.711
15.259
16.628
17.852
18.121
5.784
23.906
24,821
25.881
26,829
27.687
28.470
29.068

s

43.64

43.671
45,693
46.193
#7.094
47.868
48,528
49,121
49,656

S50.144

50,593
50.938

50.938
51.009
£1.398
51.763
52.106
52.432
52.742
53.037
53.319

s

62.283
62.337
64.862
66.861
68.525
69.957
71.21%9
72.352
73.3681
74,328
75.206
75.886

75.886
76.027
76,800
77,538
78.223
73.884
79.516
80.123
80.707

—A.21-

-3.527
-3.549
=4 .831
-6.281
=7 «877
-9.601

-10.015

-10.009
-11.894
=~14.430
-17.066
~19.793
-22.601
-24.972

G

37.589
37.508
33.066
28.500
23.834
19.086
14.266

9.383

4,443

-~ 547
~5.584
-9.768

~9.768
-10.665
-15,785
»20.943
-£6.137
-21.364
~36.623
=-41.9i2
-47.230

6

12.460
19.345
12.980
6.390
‘0352
-7.307
-14,367
~E1.547
-23‘83#
~26.220
-43.698
-49,923

-49.923
-51.260
-£8.4901
-66.618
=74.406
-82.262
-G0.182
-58.164

-106.206

BT

2.586
2.586
2+540
2.?‘*6
2.869
2.998
3.028

3.027
3.250
3.504
34730
34933
54317
4.256

2k}

-27.557
-27.328
-i8.069
=-12.459
~8.683
-51950
~-3.898
~2.279
-4971
«109
1.017
1.8665

1,665
1.793
2.465
3.052
3.571
4.033
4.447
4.822
5.162

8T

-14.267
-iu.095
-7.093
-2.793
«139
2.282
3.926
5233
6.303
74197
7,959
8.509

8.509
8.619
9.196
9.708
10.165
10.577
10.951
11.293
11,607

«002
147
«329

<329
.2.029
12.752
52.897
163.354
405.662
760,



PNCT842-80—01

Fel,

PHASE
SoL-t

SoL-2

LI

FelI 2 (g) PHASE

Crls

NiT,

GAS

PHASE
SOL

PHASE
soL

T

298
300
500
500
600
650

650
700
8o
860

860

900
1000
1100
izo0
1300
1366

T

298
300
400
500
600
700
800
900
1da0¢
1100
1200
1300
1400
15100
1608
1700
1800
1900
2000

T

298
3oq
480
500
600
700
800
2490
1008
10656

T

298
3oo
400
500
600
780
&80
9010
-1000
1870

cP

20.000
20.001
20.060
20,118
204177
20,207

20,950
22.800
26.500
284720

27,000
27.000
27.9000
27.000
27.000
27.000
27.000

ce

14,577
14,578
14,642
14,713
14.787
14. 863
14,940
15,017
15,094
15,171
15,249
15,326

15,404

15,482
15,560
15,637
15,715
15,793
15,871

cpP

i7.6140
i7.820
18.160
1&.700
19.240
19.780
20.320
20.860
21.400
21.756

cP

17.479
17.490
18.070
18.650
19.230
19,810
28.350
20.970
21.5%0
21.956

H

-25,
-2, 963
-22.960
-20495¢%
-18.936
~17,927
0.2
17,727
=16.633
=14,.168
~12,511
10.7
“1.811
“.731
1,969
4,669
74369
10, 069
11.851

H

21.10

21,1327
22.488
234956
25,431
264913
28,403
29.501
31.407
32,920
3, 441
35,970
37.506
33.050
49,602
42,162
43,730
5,385
46,889

H

-37.8

=37.767
-35.978
~34.135%
-32.238
-30.287
-28.282
-26.223
-24,110
-22- 686

"18-?
~18.668
-16.8910
~15.054
=-13.1860
-iil 2“8
=-9.198
-7.130
-5.004
"'3.""61

—A.22-

S
50
49.124
45.886
50,368
54,041
55,656

«308
S5.9E5
57.586
60,872
62,867
12,442
75,309
T64537
79.381
81,955
8h4.304
86.4E5
67,802

S

83,5

83.59¢0
87,792
91,067
93,756
96. 041
98.031
99,75
int, 381
102,624
104,147
105,371
106,509
107.575
188.576
198,522
110.418
111,270

‘112.082

S

4.4

40.509
45.652
49.762
53.219
56.226
58.902
61.327
63.553
64.932

s

36.8

36.908
42.019
4B.114
49.565
52,573
55.2506
57.391
59.931
61.402

-6

=36,926
~37.000
-h1.314
-46,135
-51'361
~She104

=544104
~56,943
-62.865
664577

~664577
-63.,614
~TTe433
~B85.482
=33.796
-102.336
=i08.,087

G

~3.886

~4,050
-12.629
-21.578
-30.823
-40.316
-50.022
~59,915
«59,97%
-80,186
-90,536
-101.012
-111.607
-122.312
=133.,4120
-144,028%
~155, 022
~1664107
«177.27%

=4G.845
-49.920
-54.239
=£9,016
-E44170
~£9.645
=75.404
-B81.417
~87.663

G

-29.672
«29.740
=33.697
-38.110
-42.899
-48.009
-£3.403
-59.052
~E4+934%
-£9.181

BT

27,071
26.958
22,576
20,168
18,711
18,134

18,194
i7.781
17,176
16,921

i6.921
16,907
16.921
16,986
17. 085
17.207
17.296

8T

2,856
24951
6.901
94433
11,229
12,589
13.667
14,551

15,295

15,934
164491
16.984
17.425
17.823
18,186
18.518
18.825
19.109
19,374

BT

36.542
36.372
29.639
25.800
23.377
21.747
20.602
19.774
19.161
18.844

8T

21.753
21.669
18.414
16.6610
15.628
14,991
14.591
144342
14.193
14.132



PNCT842-80-01

CsI

PHASE
SOL

LIG

GAS

FeTey s PHASE

NiTe

S0L-B

1

298
300
500
so00
600
7060
804
834

8394

9040
1600
1100
1200
1308
1400
1500
1553

1553
1600
1706
1800
1900
2900

T

298
300
400
500
600
700
800
900
1000
1100
1200

PHASE T

SOL

298
300
400
500
600
700
800

cP

124320
12.312
12,410
13.012
13.812
14,706
15.6510
16.563

14,037
14.1610
1642110
18.260
20.310
224360

2h.510

26,4610
274546

9.300
9,300
9,300
2.300
9,300
9,300

CcP

11.870
11.885
12.446
12.760
12.977
13.148
13.294
13.426
13.549
13.667
13.781

CcP

12.554
12.560
12.890
13.220
13.550
13.880
14.210

H

-8015
=80 477
=79.248
=77.979
-76«639
=75, 214
-73.696
“72e¢ 182
Se?
-66.482
~bbe 398
-6l , 879
=63+ 156
~61l. 227
=53, 094
=564 755
-54,212
~52.,781
3549
-16. 881
-16.443
-15.,513
-144583
-13,653
~12.723

-5.55
~-5.528
-4,308
-3.047
~-1.759
- 453
.869
2.206
3.554
4.915
6.288

-8.52

-8.497
-7.224
-5.919
-4.580
-3.209
-1.804

S .

3040
30.076
33.612
36,441
38,892
41.077
43,102
44,890
64,376
51,266
61.3861
52.95%
54,600
56,275
57.983
59,715
61.469
62.407
234117
85,523
85.801
86,364
864896
87.399
87.876

5

19.14

19.213
22,719
25.533
27.879
29.893
31.658
33.232
34.653
35.950
37.144

S

19.13

19.208
22.866
25.778
28.217
30.331
32.206

—A.23—

G

~B89, b4
-89.,500
~92,693
-96,199
~99,968
-103,968
-108.178
-112,314

~112,314
-112.622
~117,8328
~123.215
-128,759
=134.472
~140. 356

-146.415
~3149,6%8

-149.698
~153.724
~162.333
~170.996
=179.,711
-188.475

G

-11.257
-11,292
-13.396
-15,.813
~-18.487
~21,378
=24 .457
~27.703
-31.098
-34.629
-38.285

G

14,224
-14.259
-16.371
-18.808
-21.511
-24.440
-27.569

BY

65,573
65.210
50.652
42,054
36,418
32.46%
29,557
27.460

27. 460
27.352
25,757
FATR T2
23.4%53
22:6190
21.914
214336
251.069

z1.069
21.001
20,872
204765
204674
20,598

BT

8.252
8.227
7.320
6.913
6.735
6.675
6.682
6.728
6.797
6.881
6.974

BT

10.428
10.389
8.946
8.222
7.836
7.632
7.533

<008
«135

«137
« 158
1,294
7.016
27« 94
87.964
230,554
522.587
767.834



PNCT842-80-01

Fe

PHASE
SoL-A

soL-C

SoL-D

Lig

GAS

T

298
380
400
500
600
700
800

600
990
1600

1080
ig42

1042
1060

1869
1100
11384

1184
1260
1300
1400
1500
16900

16€5

1665
1700
1800
1809

16809

1300
2000
2100
2200
2301
2400
2500

.2600

2700
2800
29490
Jong
3100
3135

3135
3200
3300
3400
3500
3600

cp

5.966
5,979
6.559
7079
7647
8.301
9.057

9.070
10.331
12,973

13.018
20.000

20.001
12.311

12,294
11.065
3.901

6.1100
8.132
§.331
8.531
8.731
8,931
9,061

9.829
9.912
10.149
10.4170

11.000
11.000
i1i.000
i1.800
11.080
11.000
11.0060
11.000
i1.000
11.6400
1i.000
11,000
11.000
11.6400
11.0060

6.468
B.468
6.4E8
6.468
B. 468

b.468

H

0

<011

«639
1.321
2.057
2+853
3.720

3.720
4.676
5.832

5.832
6.525

6.5265
6.816

€.816
7.282
8.150
0.215
8.365
8.495
9.318
ig0.161
11.024%
11.%08
12.492
0.20890
12.692
13.038
14.041
144132
3.300
17.432
18,433
19.533
20.833
21.733
22.833
23.933
254033
26.133
27.233
28.333
29,433
30,533
31.633
32.018
83.55
115.568
115.98%
116.635
117.282
117.92¢9
118.576

g

6.52
6.557
8,361
9.84a0
11.220
12.446
13.603

13.683
14.727
15.943

15.943
16.621

16.621
16.898

16.398
17.329
18.090
.182
18.272
16,381
19.039
19,664
28,2610
20.829
21.188
.120
21,308
21.513
22.086
22.137
1.824
23,961
24,504
25.065
25.602
264114
26.603
27.074
27.520
27.951
28.366
28,767
29.153
29.525
29.886
30,0410
26,651
564660

56,793

56.992
57.185
57.373
574555

—A.24-

G

-1.944
=1,956
=2.705
~3.E19
-4,675
-50559
~7.1E2

-7.162
~8.578
-10.110

-10.110

~10.793

-10.793
-11,095

-11.095
-11.780
=13.2648

-13.268
-13.562
=-15.433
-17.368
-19.365
~21.420
-22.78%

~Z2.785
~23.535
=25.,715
-25.914

-25.914
-28.119
-30.597
-33.131
=35.717
-38.353
-431.037
-43.767
~46.540
-49,356
-E2.213
-55.109
=58.043
~€1.014
~E2.062

-€2.062
=E5.749
-711.439
=77.147
-82.875
-88.622

BT

1.425°

1.425
1.478
1.582
1.703
1.829
1.957

1.957
2.083
2.210

2.240
2.204

24264
2.288

2.288
2.3541
2.450

244530
2:470
2.595
2.712
c.822
2.926
2.991

2.991
3.026
3.123
3.131

3.131
3.235
3.344
JFh+ 8
3+549
JaB45
3.737
3.827
3.913
3,996
4,076
4el54
4.229
44302
44327

4.327
44491
4.732
4,960
5.176
5.381

003

«003
«005
023
2026

«0286
+086
«281
«816
2.138
S.127

- 11.375

23.575

46,015

85,165
150.348
254.448
414.638
653.068
760.



PNCT842-80-01

Cr

PHASE
oL

T

298
300
400
500
600
700
800
300
1000

1000

- 1100

LIQ

GAS

iz2¢o
1300
1400
15¢0
1600
1700
isco
i9¢o
2000
210¢

2130

2130
2200
2300
2400
25048
2600
2708
2860
2908
2945

2945
3060

3100

ce

5.577
5.586
b 028
6. 403
be725
7.000
7.229
Falr 1l
7.555

7631
8.071
8,495
B.907

9,311 .
9.709

10.101
10. 490
10. 2876
11.260
11,642
12.023

12.1357

G400
9. 400
9. 400
9.4 00
9.4 00
3.4 00
9. 400
S.400
9. 400
9. & 00

7358
7.3586
7.358

H

0

«010

592
i.21%
1,871
2557
3,269
4,002
4,750

4.750
5.536
6.354
7.234
8145
9.096
10.087
i1.1186
12.18%
13.292
14,437
15.620
15.982
4.047
20,029
20.687
21.627
22,567
23,507
24447
25.387
26,327
27.267
27.690
82.28
109.9710
110.375
111.111

s

5,65
5.685

7.354 .

B8.740
9.937
10.995
11.945
12.808
13.597

i3.597
i4.345
15,065
iS.762
16.437
17.093
17.732
18.356
18.966
19.565
20.152
20.729
20.901

1.500
22.601
23.104
23.522
23.922
24,306
24,675
25,0390
25.371
25.701
25.846
27.939
53.785
53.921
54,162

—A.25~-

G

~1.685
=1.695
~2.350
~3.157
-4.,092
-5.139

_60281

=7.525
"BnB‘fs

-8.846
=10.244
~11.714
~13.256
~14,.866
-16.542
~16.28%
-20,088
=-21,955
-23.881
-25.867
~27.911
-28.536

_281536
~30.142
=32.474
~345.840
-37.25%8
=39.707
-42.192
-44,712
-47.266
48,426

-“80426
-51,358
=56.792

BT

1.235
1.235
1.2684
1.380
1.491
1.605
1.718
1.328
1.934

1.934
2.03%
2134
2.229
2.321
2.411
2.583
2.666
2.747
2.827
2.905
24928

2.928
2935
3.086
3el74
3.258
3.338
34416
3.490
3.563
3.594%

3.594
JuThly
4,004

<003
«315
67
2253
«829
24409
3.249

3.249
6.127
14.14%
30.365
61.176
116.532
211.236
366.374
610.895
760



PNCT842—-80-01

Ni

PHASE

soL

LIa

GAS

T

298
3060
408
508

508
600
631

631
640

640
700

700
800
900
igo9
1100
i200
13040
i409

1400
i509
1600
1700
i7a26

1726
1800
1908
20400
2100
2260
2308
2400
2500
26010
2700
2800
2908
3000
3ioa
3187

. 3187

3200
3300
3400
3500
36040

CcP

5.235
602 46
6. 807
7.369

7.370
8,310
9,300

3,300
7840

 7.840

' 7.370

7.371
Todelid
7.635
7.876
8s121
B.343
8.525
8.658

8.650
8.650
8.650
. 8.650
8.650

10.300

10.300

10.300
1¢.300
10.300
10.300
10.300
10.300
10.300
10,300
18.3060
18.300
10.300
19.300
it.300

10.300

5,352
5,352
5.352

B.352
5.352

H

0

«012
« 664
1.373

1.373
2,123
2.395

24395
2.472

2.472
2.920

2.920
3,659
LS
54187
5,987
6.811
7,655
8.514

8.514
G379
10.244
11,109
11.334
4,176
15.5110
ie.272
i7.302
18.332
19.362
20.392
2i.422
22.452
23.482
24,512
25.542
26.572
27.602
28.632
29.862
30.558
88.253
118.811
118.881
119. 4156

119,951

120.487
121.022

s
7.14
7179

9.052
10.632

10.632
11,996
12.438

12.438
12.55¢%9

12.559
13.229

13.229
14.21%
15.102
15.919
16.681
17.397
18.073
18,710

18.710
19,306
18,8865
28.389
20.520

2.419
22.940
23.372
23.929
244457
24.960
25.439
25.897
264335
26.756
27.160

27.548

27.923
28.285
28.634
28.971
29.257
27.692
56.948

" 56,970

57,135

"57.294

57.449
57.600
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=6 .340
~7.713
«~9.180
=-10.731
-12.362
-14.066
-15.848
-17.679

~17.679
=19.540
~21.539
=23.552

~24,084

~Zu4+084
-25,798

-28+4163
. -30.583 )
-23.054

=35.574 -

-38.141
“40.753
~43.4307
-46.103

© =48.839

~51.612

- =54,423
.~E7.269

-€0.149
-E2.682

-62.€82
-83.423
-€9.128
-74.850
-§0.587
-86.339
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1.561
1.561
1,616
1.724

1.724
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1.389

1.889
1.901

1,901
1.980
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2.107
2.229
2.346

-2s456

2.562
2.663
2.760

2.760
2.853
2.943
3.028
3.050

3.050
3.133

I.240

3.342
3.440
3.534
3.625

3.785
3.876
3.954
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42173
44241

44299

44299

4,332
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4,812
5.033
5.242

<002
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.003
010
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1.207
3,038
7.052
15,241
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108,335
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Table B-1l. Thermodynamic relationships in the Cs-U-0,

Cs-Cr-0 and Cs-Mo-0 systems

Cs uranates

Phases PCS—AEbz-T relationships T
log Ppg = -25620/T + 9.93 - AGoz/ 9.15T | <950K
Cs2U0,~00; log Pgg = -25360/T + 9.67 - AGop/ 9.15T | >950K
log Pog = =30530/T + 11.71 - AGop/ 6.1T | <950K
Cs,0207-00, log Pgg = —30270/T + 11.44 - AGop/ 6.1T | >950K
_ log Pgg = —35750/T + 13.72 - AGop/ 4.58T | <950K
C82040,,-10, log Pog = —35490/T + 13.46 - AGop/ 4.58T | >950K
AGo, = -201100 + 55.71T
Cs(1)-Cs,00,-U0, log Pgg = - 3650/T + 3.85 <950K
log Pcg = - 3390/T + 3.58 >950K
AGo, = -89800  + 32.42T
Cs,U0,~Cs,U,0,-U0, log Ppg = -15810/T + 6.39 <950K
log Pgg = -15550/T + 6.13 >950K
AGo; = -95600  + 36.84T
Cs,U,0,~Cs,0,0,,-U0, | log Ppg = -14860/T + 5.67 <950K
log Ppg = -14600/T + 5.40 >950K
Cs chromates
log Pog = -28850/T + 12.99 ~- AGop/ 4.58T | <950K
Cs20r,07-Cr,04 log Pgg = —28590/T + 12,73 - AGo,/ 4.58T | 950K
log Pgg = -26290/T + 10.32 - AGo,/ 7.32T| <950K
Ce20r0,=Cr 504 log Pgg = -26030/T + 10.06 - AGo,/ 7.32T | >950K
log Pog = —20710/T + 8.47 - AGo,/10.98T| <950K
Cs 3020, -Cr,0, log Pg, = -20450/T + 8.21 - 4G0,/10.98T | >950K
log Pgg = -17030/T + 7.55 - AGop/l4.64T | <950K
Cs4Cr0,=Cr504 log Pgg = -16770/T + 7.29 - AGo,/14.64T| 950K
log Ppg = —24380/T + 9.21 - AGoy/ 9.15T| <950K
C5.,0x0,~Cx log Pes = -24120/T + 8.95 - AGop/ 9.15T| >950K
AGo, = =31260  + 32.61T
Cs,0r,04-Cs,0r0,—Cr,03| log Pgg = -22020/T + 5.86 <950K
log Ppg = —21760/T + 5.60 >950K
AGo, = -122680 + 40.62T
Cs,Cr0,=Cs 3Cr0,=Cr,0; | log Pog = - 9540/T + 4.77 <950K
log Ppg = - 9280/T -+ 4.51 >950K
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AGo, = =161540 + 40.45T
Cs 3Cr0,~Cs,Cr0,—Cr,0, | log Pog = — 6000/T + 4.79 <950K
log Pg, = - 5740/T + 4.52 >950K
AGo, = =-179420 + 40.62T
Cs4Cr0,~Cr,0 ~Cr log Pgg = - 4780/T + 4.77 <950K
‘ log Ppg = - 4520/T + 4.51 >950K
AGo, = -189730 + 49.12T
Cs(1)-Cs ,Cr0,-Cr log Pog = - 3650/T + 3.85 <950K
log Pgog = — 3390/T + 3.58 >950K
if CssCr0, exists
log Pgg = -20430/T + 8.33 - AGop/LlL.44T| <950K
Cs5Cr0,~Cr log Pgg = -20170/T + 8.07 - AGop/11.44T| >950K
AGo, = -180950 + 40.52T
Cs4Cr04—Cs5Cr0,—Cr log Pgg = - 4610/T + 4.79 <950K
log Pgg = - 4350/T + 4,52 | >950K
AGo, = -191920 + 51.27T
Cs(1)-CssCr0,~Cr , log Pgg = — 3650/T + 3.85 <950K
log Pcg = - 3390/T + 3.58 >950K
Cs molybdates
log Pog = -33290/T + 10.60 =~ AGo,/ 6.1T | <950K
Cs2M0207-M00, log Bog = -33030/T + 10.34 - AGo,/ 6.1T | 950K
log Pog = =-27960/T + 8.73 - AGo,/ 9.15T| <950K
CsH00,-Ho0; log Pgg = -27700/T + 8.47 - AGo,/ 9.15T| >950K
log Pog = —45210/T + 13.26 - AGop/ 4.58T| <950K
Cs,Mo0, Mo log Pgg = -42950/T + 13,0 - AGo,/ 4.58T| >950K
AGop = -97540  + 34,1T
CsM0,07-Cs,M00,~Mo0, ::l'og Ppg = -17300/T + 5.01 <950K
log Pog = —17040/T + 4.75 >950K
AGo, = -139530 + 41.46T
Cs,Mo0,~Mo0,~Mo log Ppg = -12710/T + 4.20 <950K
log Ppg = -12450/T + 3.94 >950K
AGo, = -181000 + 43.1T ,
Cs(1)-Cs,Mo0,-Mo log Ppg = — 3650/T + 3.85 <450K
log Pgg = - 3390/T + 3.58 >950K
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Table B-2. Thermodynamic relationships in the Cs-0-H systems

Reactions Peson-Peg—Pu,-2Ge2—T relationships . T
Cs(g) + 1/2 02 + 1/2 M | log Ppg = -24510/T + 10,27 ~ 1/2 log Py, - AGo2/9.15T <950
= CsOH(1) log Pgg = —23780/T + 9.52 — 1/2 log Py, - AG02/9.15T >950
Cs(l) + 1/2 02 + 1/2 H: AGo, = -190880 + 58.82T - 4.58T log Py, <950
= CsOH(1) AGoz = -186600 + 54.3T - 4.58T log Py, >950
Ce(g) + 1/2 02 + 1/2 Hz | log Pegoy = 17520/T = 4.57 + 1/2 log Py, + log Pgg + 8G02/9.15T <950
= CaOH(g) log Pogoy = 17490/T - 4.53 + 1/2 log Py, + log Ppg + AGo2/9.15T >950
Cs(1) + 1/2 02 + 1/2 Hz | log Pggoy = 13870/T - 0.73 + 1/2 log Py, + AGo2/9.15T ' <950
= CsOH(g) log Ppgon = 14100/T - 0.95 + 1/2 log Py, + AGoz/9.15T >950

Table B-3. Thermodynamic relationships in the Cs-I-Metal systems

Reactions ) P12-PCS-PM12—T relationships - T
Tog P, = —46160/T + 17.89 - 2 log Pgg <894
Cs(g) + 1/2 Ip = CsI log Pyp = -40430/T + 11.76 - 2 log Pgg 894- 950
log P, = =41330/T 4+ 12.64 - 2 log Pog ) >9850
log Py, = -38860/T + 10,20 <894
Cs(l) + 1/2 12 = Gl | 1,0 p = -33130/T + 4.07 . 894- 950
log PRerz = =-47230/T + 20.54 - 2 log Pgg ’ 700~ 894
log Ppe1, = -41500/T + 14.41 - 2 log Peq 894- 950
Fe | log Ppey, = -42400/T + 15.29 - 2 log Pes 950-1184
2CsI + (M) = log PFeIZ = ~41460/T + 14.46 — 2 log Pgg ) 1184~1306
MI2(g) + 2Cs(g) |Cr | log Pepg, = ~44620/T + 17.34 - 2 log Pee 950-1054
Iog Pir, = -50550/T + 19.03 - 2 log Pgq <B94
Bi [ log Pyy7, = —-44820/T + 12.9 -~ 2 log P4 894- 950
log Pyir, = ~45720/T + 13.78 - 2 log Pgg 950-1400

Table B-4. Thermodynamic relationships in the Cs-Te-Metal systems

Reactions apMTe~Pcg—T relationships T
Tog Pgg = -11850/T + 5.38 <950
2Cs(g) + Te = Cs3Te log Ppe = - BZ00/T + 1.53 >950
log apere = -18740/T + 8.13 - 1.8 log Pgg <950
Fe | 1og apepe = -12170/T + 1.21 - 1.8 log Pgg >950
CsaTe + (M) = log acyre = -21120/T + 8.9 - 2.2 log Pgs <950
MTe + 20s(g) | °F | log agrre = ~13090/T + 1.44 - 2.2 log Pge >950
log aygiTe = -19940/T + 7.68 — 2 log Ppg <950
M| 1og ayyre = ~12640/T - 0.02 - 2 log Pgg >950
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8% C  MBEE & FPILE

PuPu+U=206 (a/0) (EHFELERI)
PuRMITEN (239.7240,7241,7242) =58/24/14/14(W/0)

2 AEE= 02 (WO)

OMH=198 WE=85%TD 123R%1 70 (B30B#HIE)
EP Yield(at®) fueltATRICHT IR
. Burn Up (&)
1.4 24 (1¥400) | AT (294 70) | 70 (394200 | 81 (434o0)

36 Kr L0089 .0154 .0299 L0436 .0567

Gaseogus 54 Xe .0942 1637 .3183 L4645 .6034
38 Sr L0223 .0361 .0635 0886 1122

39 Y .0118 0185 .0345 .0480 L0607

40 Zr .0973 .1660 .3140 .4525 .5841

56 Ba .0355 L0570 .1051 .150% .1949

57 La L0266 0454 .0872 .1266 .1640

Oxide 58 Ce .0695 .1174 .2138 .2989 .3761
59 Pr L0161 L0297 0638 .0965 .1274

60 Nd .0597 .1082 .2220 .3347 .4453

61 Pm 0081 0151 .0294 .0413 .0512

62 Sm .0162 .028¢6 .0574 .08862 L1148

63 Eu .0037 .0062 0117 .0168 02158

Non—Oxide 35 Br .0008 L0013 .0025 L0037 .0048
(volatile) 37 Rb 0077 .0134 .0261 .0382 L0497
47 Ag .0083 0142 .0271 .0391 .0505

48 Ca .0042 0074 .0146 L0213 .0275

49 In .0004 0007 L0013 .0019 .0025

50 8n .0025 .0041 0079 L0115 .0148

51 Sb .00138 .0030 .0053 L0075 .0094

52 Te .0150 0252 L0477 .06¢91 .0896

53 I .008¢9 .0134 .0238 .0338 .0434

55 Cs L0840 .1482 L2905 .4245 .5513

(Cs/Te) (5.65 5.9 6.1) (6.1 (6.2)

Non—Oxide 41 Nb .00486 .0088 .0127 L0131 L0127
(solid metal) 42 Mo .0810 .1447 .3024 .4585 .6082
43 Tc .0254 L0451 L0891 . 1307 .1703

44 Ru L1171 .1934 .3494 L4898 L6187

45 Rh 0122 L0284 0721 .1145 .1549

46 Pd .0582 .1029 .2079 .3129 L4167
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