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FOREWORD 

n 

For the past five years the Heat mnsfer and Physical Properties Section 

of O m  has investigated some of the physical properties of fluoride mixtures 

of" specific interest to the ANP Project. Particular attention has been given 

to the "thermal properties", namely, the density, heat capacity, viscosity, 

and thermal conductivity, because of the important role that they play in the 

heat and momentum transfer processes in AI?P reactors, A limited study of the 

electrical conductivity and surface tension of molten fluorides was also 

conductedr 

Duping the first few years of this research task, a large part of the group 

effort was directed toward the investigation and evaluation of techniques and 

devices by whkh these properties could be measured accurately in the temperature 

range of about POOOOF to 1800°F0 

high temperature levels as well as in controlled inert atmospheres often made 

it impossible to use prosaic property equipment. 

had $0 be developed. 

The necessity of operating equipment at such 
P 

Consequently many new devices 

The earlier summaries of the physical properties measurements for fluorides 

were presented in the form of ORNL memoranda; some of these data were designated 

as  "prelSminary" because measuring techniques were still in the process of being 

refined and because the chemical puritfes of fluoride samples were at times 

bidequatee 

ob-betfned by two independent measurement techniques; also, it is believed that 

T!he experimental data summarized in this report in most cases were 

m most of the samples used were relatively puree Although much progress has been 

made in the art and science of making these difficult measurements, further 

refinements should be and are being made, particularly in the case of thermal 

ccauductivi%y measurements for LiQxLds. 

a m  
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General interpretations and correlations of these 

i n  terms of the known theoretical  and semi-theoretical 

physical property data 

relations have been and 

are being made fo r  the fluoride measurements, 

reported i n  some of the topical reports on individual properties (see for  

example, ORNL l7W and 1956). 

are in  the process of preparation. 

Such studies have already been 

Additional topical reports on thermal properties 

In general, the molten fluorides are good heat transfer media because 

the i r  thermal conductfvities, thermal capacities per unit volume, and densit ies are 

high and the i r  viscosit ies and vapour pressures are reasonable; the following 

tabulation gives the approximate ranges over which each of the thermal 

propertdes varies: 
2 0  thermal conductivity: 0.5 t o  2.6 Btu/hr-ft - (  F/ft)  

thermal capacity per unit  volume: 0.7 t o  1.3 cal/cm 3 0  - C 

density: 2 t o  4.5 gm/cc 

viscosity: 2 t o  12 sen-kipoise 

These thermal properties influence the heat and momentum transfer i n  reactor 

eores and heat exchangers i n  more o r  less complicated ways depending upon the 

system geometry and the flu%d flow regime. 

heat transfer f lu id  on the basis of i t s  properties alone, 

studies of the effectiveness of molten fluorides as reactor coolants and fuels  

(for a range of system geometries and flow conditions] have been conducted and 

presented in  the ANP Xiterature (see for  example references 48 and h.9). 

Hence, it i s  not possible t o  rate a 

However, detailed 

Within the last year or  two, several extern81 organizations have ini t ia ted 

thermal property research ran fluoride mixtures. 

and the Havval 3ieses.i-cki bbomtory  have made hea% capacity measurements and the 

The EJa%ional Bureau of Standards 

. 
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c 

bund Laboratory has made density and viscosity determinations. The Battelle 

Mentorial Inst i tute  and the Bhand Laboratory have started thermal conductivity 

research on these liquids. 

The Heat Transfer and Physical Properties Section wishes t o  acknowledge 

The f o m r  the cooperation received from two of the Laboratory's Divisions. 

Materials Chemistry Division prepared the meny samples which were needed in  

the study; valuable information on melting temperatures, vapor pressures, 

and phase diagrams of molten fluoride mixtures were a l so  supplied. The 

Metallurgy Division performed complicated welding tasks i n  connection with 

some of the physical property deviceso 
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This report presents a slzlnmary of certain physical properties thst have been 

determined experimentally on the fluoride mixtures that have been formulated 

within the ANP program at  ORmL (Refs. 1, 2). These properties include the 

density, enthalpy, heat capacity, heat of fusion, thermal conductivity, 

viscosity, Prandtl number, e lec t r ica l  conductivity and surface tension. In 

addition t o  the experimental data, values have been predicted f o r  the heat 

capacity and density of the other mixtures f r o m  the correlations of these 

properties. 

mixtures on w h i c h  no experimental data were available. 

Es t imates  of the viscosity have also been made f o r  a number of the 

, 
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INTRODUCTION 

This report presents a compilation of certain physical properties that 

have been determined experimentally or  predicted from correlations of experimntal 

data f o r  mixtures of fluorides that have been formulated within the ANP program 

(Ref .  1, 2), Each individual page of the tabulation is  devoted t o  a summary of 

a l l  of the known properties f o r  a mixture together with the composition i n  mole 

and weight percent, the average molecular w e i g h t ,  and the liquidus temperature. 

This introductory sectfon will present brief discussions of each of the 

properties, providing short descriptions of the experimental systems used and 

statements regarding the accuracy of the data. Also included i n  th i s  

is a tabulation of the  mixture numbers arranged according t o  chemical 

A, Density, 

Density 

In addition, 

Eaboratory . 
suspended in 

1 

section 

system. 

measurements have been made on 

about nine mixtures containing 

Measurements were made by the 

sixteen molten fluoride mixturese 

BeFZ have been studied a t  Mound 

buoyancy principle using a plummet 

the molten salt from an analytical  balance. An error  analysis 

ind%cated tha% the values reported are within +5$ of the t rue values. 

results are reported i n  gmsfcc as a function of OC and i n  lbs/ft3 as a function of OF. 

The - 

I A large number of fluoride m%xtures other than those reported here have been 
studied a t  bund Laboratory. However, the contents of t h i s  report w i l l  be limited 
t o  mlxtures which have been assigned compositton numbers within the ANP project a t  
t h i s  Laboratory. 

Work a t  Mound is  being carried out by B. C. Blanke, aided at  present by 
E. N. Bousquet and E. L. Murphy and i n  the past by Le V. Jones, Ke W. Foster 
and R. E. ValPeeo 
a thorough investigation of systems containing the alkali fluorjdes with BeF2 and 

The density (and viscosity) program there a t  present involves 

uF4e 

. 



-3 - 
Predicted values are given f o r  a l l  the mixtures f o r  which densities have 

not been experimentally studied. 

based on an empirical correlation using the experimental data available (Ref. 16). 

The values given f o r  non-BeF mixtures are 2 

The densities of mixtures containing BeF2 have been predicted from a similar ly  

developed but s l igh t ly  different correlation using the experimental data taken 

on BeF2-bearing mixtures a t  bund Laboratory. 

the experimental values t o  within +5$ and it is fel t  that the predicted values 

These relationships correlate 

- 
are of comparable accuracy. 

Solid densities at  room temperature have been measured for  f i f t een  mixtures. 

!the measurements were made by the buoyancy principle; samples of salt were weighed 

in  air and then i n  toluene. An error analysis indicated error8 of no more than 

- +5$. Solid densities were calculated fo r  the remainder of the mixtures by a 

These calculated rn simple formula involving the method of mixtures (Ref. 16)- 

values agreed within - +lo$ with the experimental values available in  most cases; 

however, a larger deviation was observed i n  one case which may be attr ibuted t o  

s t ructural  complexities. 
. -  

Values of the volumetric coefficient of l iquid expansion, B,, were calculated 

from the experimental or  predicted density data using the equation: 

where (g) i s  the slope of the density-temperature function. Values have been 

calculated a t  70O0C except when specified otherwise. 

13. Heat Capacity. 

P 

* 

The enthalpies, heats of fusion and heat capacities of twenty-one salt mixtures 

have been determined experimentally by dropping samples at various temperatures into 
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calorimeters and then measuring the amount of heat liberated. 

is the slope of the enthalpy-temperature re la t ion thus obtained. 

calorimeters have been used. One was an ice calorimeter i n  which the heat 

given up by the sample melted ice i n  an ice-water mixture. 

melted was proportional t o  the amount of heat transferred and was determined by 

the volume change i n  the ice-water m i x t u r e .  The other calorimeter was a copper 

block device. 

temperature rise of a large mass of copper. 

obtained for  the particular fluorides studied, correlations have been found 

which enable one to predict the heat capacities of other mfxtures (Ref. 4). 

Hence, estimates have been made of the heat capacities of a l l  the mixtures 

not studied experimentally. The accuracies of the heat capacities determined 

experimentally are believed t o  be within - +lo$ of the true values; the predicted 

va%ues are believed t o  be i n  error  by no more than +20$. 

The heat capacity 

Two types of 

The amount of ice  

The amount of heat liberated by the sample was measured by the 

Fromthe experimental values 

- 
The heats of fusion for  the fluoride mixtures were obtained direct ly  from 

the enthalpy-temperature relations, 

Go Them$ Conductivity. 

%herma% conductivities of seven mixtures i n  the l iquid state have been measured 

by variable gap devices (Ref. 11). 

temperature gradient across a l iquid layer as w e l l  as the heat flow through it. 

The layer thickness i s  varied so that it is possible t o  eliminate the effect  of 

in%erface resistances %hat m y  exis t  i n  the cell.  

several l iquids were determined %n a constant gap device. 

encsutered when using t h i s  device because it was d i f f icu l t  t o  Till the cel l  

completely with the sample liquid. 

The conductivity is  determined by measuring the 

The thermal conductivfties of 

Great d i f f icu l ty  was 

'pwo methods have been used t o  measure solid 
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. 

thermal conductivities; one is a steady state technique i n  which heat is  passed 

through a slab of the solid salt, and the other is a transient ‘bthod i n  which the 

time-temperature behavior of a solid sphere of the salt is studied. 

Error analyses of liquid thermal conductivity measurements indicated that 

the errors were less than +Pj$. 

conductivities are known more accurately than the l iquid values. 

It i s  believed that the solid thermal - 
Consequently, 

l iquid conductivities i n  particular are considered t o  be of a preliminary nature 

a t  th i s  time, 

accuracy. 

is currently being studied; the results indicate that the variation is not a 

large one. Thus, only mean conductivities are reported here. 

Improved conductivity devices are being designed t o  increase the 

The temperature dependence of the conductivities of‘ fluoride mixtures 

D, viscosity. 

Viscosity measurements have been made on thirty-eight molten fluoride 
2 mixtures. 

three being investigated at both l a b ~ r a t o r i e s . ~  Eaeaaurements a t  ORFJT, were made 

Thirty-two of these were studied a t  ORWL and nine at Mound Laboratory , 

with two devices; one of these is  a capillary efflux viscometer and the other is a 

modified Brookfield rotational device. Measurements were made a t  bund w i t h  a 

rotational viscometer developed there. 

The values are presented i n  c,g.s. units and i n  engineering units. Kinematic 

viscosit ies are given a s  w e l l  as absolute viscosities. In addition, the viscosity 

of each salt is presented in  terms of the usual exponential formula fo r  viscosity: 

B/FK p = A e  

2A number of measurements have been made a t  &bund which are not reported here 

3The resul ts  obtained independently a t  the two laboratories were i n  satisfactory 

(see footnote 1, page 4). 

agreement; the average values are reported here. 
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Agreement between the values determined by the two different instruments indicated 

that the results reported are within +lo$ of the true values. - 
Predicted viscosit ies are given fo r  a number of salts on which no measurements 

were made. These estimates were based on measurements on fluorides of similar 

compositions. These predicted values are probably within - +20$ of the actual values. 

A blank sheet of graph paper specially prepared fo r  plott ing viscosity 

data is  furnished a t  the end of t h i s  report t o  facilitate interpolation and 

extrapolation of the values reported. 

E. Electrical  Conductivity. 

The data on e lec t r ica l  conductivity included i n  th i s  report were primarily 

obtained by means of a current-potential type c e l l  (Ref .  13).  

measured direct ly  the amount of current flow f o r  a given voltage drop across a 

molten salt sample. Measurements were made on f ive  molten fluoride mixtures. 

Since redeterminations of the conductivities of molten Limo 3, m03, and NaOH 

were made within - +lo$ of the values reported i n  the literature, it was f e l t  

that  the fluoride measurements were in  error  by no more than t h i s  amount. 

!!&is device 

F. Surface Tension. 

Surface tension measurements were made on one fluoride mixture, Composition 

30, using a system consisting of a platinum ring supported from a calibrated 

wire spring which could be raised and lowered with a vernier (Ref .  21). 

thermocouple probe was used t o  measure the surface temperature of the molten 

fluoride as accurately as possible. 

A 

. 
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I 

The following i s  a summary of the accuracy l i m i t s  f o r  the properties 

presented in  t h i s  report: 

Density (Solid) 

Density (Liquid) 

Heat Capacity 

Thermal Conductivity 

V i S C O S  i t y  

Electrical Conductivity 

Surface Tension 

TABLE 1 

Error Limits  
for  
Experimental 
Measurements 

5 5k 

- + 5k 
- +lo$ 
+25$ - 
- +lo$ 
- +lo$ 
---- 

Error L i m i t s  
f o r  Predicted 
or  Estimated 
Values 

---- 

..-a- 

_--- 

c 
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H. Tabulation of Mixtures According to Chemical System. 

The following table lists the mixture numbers arranged according to 

chemical system. 
TABLE I1 

System Mixtures 

NaF- ZrF4 

NaF-BeF2 

LiF-BeF2 

LiF-NaF 

LIF-KF 

LiF-RbF 

KF-BeF2 

RbF-BeF2 

35, 771 113 
74, 112 
100 

102 

104 

114, 116 

115 

Ternary Coolants 

NaF-KF-BeF2 6, 90 
NaF-KF-ZrF4 20, 24 
NaF-LIF-ZrF4 73, 80, 81 
NaF-LiF-BeF2 47,78,84,88,89,96,97 

CorresDonding Ternary Fuels 
Mixtures 

+ 

System 

NaF-ZrF4-UF4 

NaF-ZrF -UF 
NaF-BeF2 -UF4 
LiF-BeF2-UF4 

4 3  

LiF-NaF-UF4 

LiF-KF-UF4 

LiF-RbF-UF4 

NaF-KF-UF4 

RaF-PbF2-W4 

NaF-RbF-UF4 

RbF-ZrF4-UF4 

LiF-ZrF4 -UF4 
ID- ZrFL -UFk 

Corresponc 
Svs tern 

NaF-KF-LiF-UF4 

NaF-KF-LiF-ThF4 

NaF-KF-BeF2-UF4 

RaF-KF-ZrF4-UF4 

NaF-LiF-ZrF4-UF4 

NaF-LiF-BeF -UF4 
NaF-RbF-BeF -UF4 
LiF-BeF2-ThF4-UF4 

2 

2 

uaternary Fuels 
Mixtures 

MaF-UF4 37, 43 1 NaF-ThFL I 48 I 
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TABUIA.TED FLUORIDE PROPERTY DATA 

Rote: Mixture numbers 50 through 69 have been omitted. These numbers have 

been reserved by the ANP Chemistry Section fo r  hydroxides (Ref. 1) 
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Mixture Component Mol $ Ute $ Avg. M.W. Liquidua Temp. 

1 BeF2 12 70 50 75.2 514OC (957OF) 
NaF 76 42.41 
UFq 12 50 09 

DEMSITY 

SOLID AT ROOM TEMPERATURE (gm/cc) 3.77 
LIQUID (p = gm/cc, T = OC) p* = 3.62 - 0.00075T (Ref. 3) 
LIQUID (p = lbs/ft 3 , T = OF) p* = 226.8 - 0.0260T 
MEAN v o L w m ~ c  com~cnm OF LIQUID EXPANSION (ipc x lo4) 2.42 

EEEALPY, HEAT CAPACITY AND REAT OF FUSION 

- SOLID (250' - 465OC) 
Enthalpy (cal/gm) %-Hoot* L= -5 + 0.2lgT (Ref 4)  

c * = 0.22 
P 
P 

-H o * = 

P 
P 

Heat Capacity (cal/gm OC) 

Heat Capacity at 300°C (572OF) c * =  0.22 

LIQUID (520O - 990Oc) 
-35 + 0.325T % o c  Enthalpy (cal/gm) 

Heat Capacity (cal/gm OC) 

Heat Capacity at 70O0C (1292OF) 

c * = 0.32 
* = 0.32 

HEAT OF FUSION (cal/gm) %-Es* = 24 

THEZMAL CONDUCTIVITY 

K (B"U/hr ft OF) 

VISCOSITY 

C (Centipoises) (Cent is tokes ) F (lb. /ft-hr) ft2/hr 

800 4 3  1.50 1500 10 * 2* 0.0543 

0 - 0 
_. 

700 7.B (Ref. 3) 2.33 1300 17. i* 0.0886 

Exponent la1 Form (centipoises ) 

-s experimental values. Other values given are calculated or estimated. - 
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Mixture Component M o l  $ Wt. $ Avg. M.W. Liquid= Temp. 

2 H a  46.5 16,14 121.0 530OC (986OF) 
KF 26.0 12.49 
VFq 27.5 71.37 

DENSITY 

SOLID AT ROOM TEMPERATURF: (gm/cc) 
LIQUID (p = @;m/cc, T = OC) 

NEAN VOLUMETRIC COEFFICIllNT OF LIQUID MPANSIOI (1/'C x 10 ) 2,96 

4.7" (Ref. 5) 
p* = 4.70 - 0.00115T (Ref, 6) 

4 
LIQUID (p = 1bs/ft3, T = OF) p* =L 294.7 - 0.0399T 

ENTHALPY, HEAT CAPACITY AND REAT OF FUSION 

- SOLID ( 24o0-48O0c) 
5 - H  o * = -1 + 0.149T (Ref. 4) o c  

P 
P 

Enthalpy (cal/gm) 
* = 0.15 Heat Capacity (cal/gm OC) 

Heat Capacity at 300°C (572OF) * =  0.15 
LIQUID ( 54O0-10OO0C) 

Enthalpy (cal/grn) 
Heat Capacity (cal/gm OC) 
Heat Capacity at 70O0C (==OF) 

0 * r: -13 + 0.230T o c  
P 
P 

* = 0.23 

c * =  0.23 

HEAT OF FUSION (cal/gm) %-HS* = 31 

THERElAL CONDUCTIVITY 

K (BTU/hr ft OF)  0.5 (Liquid) (Ref. 7) 

v1sc0sm 
F (lb. /f-t-hr) ft2/hr 

600 17.3* (Ref. 8) 4*33 1100 43.& 0.1768 
9.8% 2.52 1300 23.5" 0 0983 

600 6-3" 1.67 1500 14.3* 0.0616 
700 

0 c (centipoises) (Centistokes ) - 0 - 

4.35* 1.19 
4 7 3 W K  

900 
Exponential Form (centipofses) p c 0.0767e 

PRANDTL NUMBER 20 at llOO°F, 11 at 1300°F, 6.6 at 1500'3' 

*Denotes experimental values. Other values given are calculated or est~hated. 

UP 
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Component Mol 5 wt. $I Avg. M.W. Liquidus Temp Mixture 

2a RaF 48.2 17 67 114.3 558OC (1036OF) 
KF 26.8 13.65 
uF4 25.0 69.68 

DENSITY 

SOLID AT ROOM TEMPERATURF: (gm/cc) 4.53 
LIQUID (p  = gm/cc, T = OC) p* = 4.54 - 0.OOllT (Ref. 15) 

LIQUID (p = 1bs/tt3, T = OF) p* = 284.6 - 0.0381T 
NEAN vo~uMEmc comrcnm OF L ~ r n  M P ~ S I O I  (~/OC x lo4) 2.92 

ENTHALPY, HEAT CAPACITY AND IBAT OF FUSION 

SOLID - 
Enthalpy (cal/gm) %-Hoot* = 
Heat Capacity (cal/gm OC) c + =  P 

P Heat Capacity at 300°C (572OF) c = 0.16 
LIQUID - 

Enthalpy (cal/gm) %-Hoot* = 
Heat Capacity (cal/gm OC) c * =  
Heat Capacity at 7OO0C (1292OF) c = 0.23 

P 
P 

HEAT OF FUSION (cal/gm) 

K (BTU/hr ft OF) 

%-HS* 

THEZMAL COMDUCTIVITY 

VISCOSITY 

(Centipoises) (Centistokes ) - F (lb. / f t -hr)  ft2/hr 
0 C 0 - 

600 17.3 1100 43.6 

800 6.3 1500 14.3 
900 4.35 

700 9.8 1300 23.5 

Exponential Form (cent ipoises ) 

*Denotes experimental values. Other values given are calculated or estimated. - 



. 
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a m  

Mol 4% W t e  $ Avg. M.W. Liquidus Temp. 

3 BeF2 60 32 0 87 85.8 465OC (869OF) 
- - Mixture Component 

NaJ? 25 12.23 
VF,, 15  54.90 

SOLID AT ROOM TEMPERATURE (gm/cc) 3.8* (Ref.  5) 
LIQUID (p = g~ /cc ,  T = OC) p = 3.43 - 0~000'70T 

p 209.5 - 0.0243T LIQUID (p = lbs / f t  3 , T = OF) 
4 NEAN VOLUMETRIC COEZ'FICIE3T OF LIQUID EXPANSION (1pC X 10 ) 2.37 

ENTHALPY, HEAT CAPACITY AND REAT OF FUSION 

SOLID - 
Enthalpy (cal/gm) %-Hoot" = 

c * =  
P 
P 

Heat Capacity (cal/gm OC)  

Heat Capacity a t  300°C (572OF) 

Enthalpy (cal/gm) 
Heat Capacity (cal/gm OC) 
Heat Capacity a t  700°C (l292OF) 

c =  

LIQUID OR GLASS (28Oo-XY5O0C) 
E$,-Hooc* = -43 + 0,315T (Ref .  4) 

c * = 0.32 

c * = 0.32 
P 
P 

HEAT OF FUSION (cal/gm) %-HS" = 0 

THERMAL COICDUCTTVITY 
3 

K (BTU/hr f t  OF) 

VISCOSITY 

(lb. /f t-hr) ft*/hr F 0 
(Centipoises) (Centistokes) - C 0 - 

Exponential Form (centipoises) 

Wenotes experimental values, Other values given are calculated or  estimated. 
0 



Mixture 

4 
Component 

N&F 
KP 
VFI, 

-14- - 
wto $ 

35 
20 

8.77 167 6 
6-93 

45 84.3 

Liquidus Temp. 

708°C (1306~~) 

DEMSITY 

SOLID AT ROOM TEMPERATURE (gm/cc) 5.40 
LIQUID (p = gm/cc, T = OC) 

MEAN VOLWTRI~ c o m ~ c m m  OF L m m  mpmsro~ (i/oc x lo4) 

p = 5.a - ooooll6T 
LIQUID (p = lbs/ft 3 , T = OF) p = 350.9 - 0.0402T 

2.44 

ENTBALPY, HEAT CAPACITY AM> HEAT OF FUSION 

SOLID - 
Enthalpy (cal/gm) HT-HOoc* = 
Heat Capacity (cal/gm OC) c * =  P 

P Heat Capacity at 300°C (572OF) c = 0.14 
LIQUID - 

Enthalpy (cal/gm) %-Hoot* = 
Heat Capacity (cal/gm OC) cp* = 

c =  P Heat Capacity at 7OO0C (=%OF) 

HEAT OF FUSION (cal/gm) 5 - H s *  = 

THERMCU; CONOUCTIVITY 

K (BTU/hr ft OF) 

VISCOSITY 

(Centipoises) (Centistokes ) F (lb. /f t-hr) ft2/hr 
0 - C 0 - 

Exponential Form (cent ipoises ) 

*Denotes experimental values. Other values given are calculated or estimated. 

0 m 
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Mixture Component 

5 NaF 
B F 2  
m4 
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e 
Mol $ wt. $ Avg. M.W. Liquidua Temp. 

60 18 67 135 465OC (869OF) 
23 41.78 
17 39.55 

- 

DENSITY 

SOLID AT ROOM TEMPERATURE (gm/cc) 5*9* (Ref. 5) 
p = 6.01 - o . 0 0 ~ ~  LIQUID (p = gm/cc, T = OC) 

LIQUID (p = lbs/ft3, T = O F )  p = 376.5 - 0.0423T 
4 MEAN VOLUMETRIC COEFFICIENT OF LIQUID EXPANSION (l/OC x 10 ) 2.35 

ENTHALPY, HEAT CAPACITY AND HEAT OF FUSION 

SOLID - 
Enthalpy (cal/gm) %-Hoot* = 

c + =  
c =: 0.14 
P 
P 

Heat Capacity (cal/gm OC) 

Heat Capacity at 300°C (572OF) 
LIQUID 

c * =  

c = 0.19 
P 
P 

Heat Capacity (cal/gm OC) 

Heat Capacity at 70O0C (l292OF) 

HEAT OF FUSION (cal/@lm) 

THERMAL CONDUCTIVITY 

K (BTU/hr ft OF) 

VISCOSITY 

C 0 - (Centipoises) (Centistokes) 

Exponential Form (cent ipoises ) 

F (lb. /ft-hr) ft2/hr 0 - 

*Denotes experimental values. Other values given are calculated or estimated. 
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V 
Mixture component MOI, $ wt .  Q Avg. M.W. Liquidua Temp. 

6 NaF 27-35 
BeF2 66.33 
KF 5 6.32 

46.1 

DENSITI?S 

SOLID AT ROOM TEMPERATURF, (gm/cc) 2.3* (Ref .  5) 
LIQUID (p = gm/cc, T = OC) 

LIQUID (p  = lbs/ f t  3 , T = OF) 
p = 2-12 - 0.00033T 
p 132.7 - 0,OllhT 

MEAN VOLUMETRI~ c o m ~ c m n  OF L ~ r n  MPAIOSION (~/OC x lo4) i.74 

ENTHALPY, HEAT CAPACITY AND REAT OF FUSION 

SOLID - 
Enthalpy (cal/gm) $-Hoot* = 
Heat Capacity (cal/gm OC) c * =  

Heat Capacity a t  300°C (572OF) c = 0.39 

Heat Capacity (cal/epn OC) c * -  

P 
P 

LIQUID - 
Enthalpy (cal/gm) %-Hoot* = 

P 
P Heat Capacity a t  70O0C (l2Z0F) c = 0.54 

HEAT OF FUSION (cal/gm) 

K (BTU/hr f t  OF) 

v1sc0sm 
F (lb. /ft-hr) ft2/hr 0 - C ( Centipoise s ) (Cent istokes ) 

0 - 

Exponential Form (cent ipoises ) 

*Denotes experimental values. Other values given are calculated o r  est-ted. 
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Ip 
Component Mol $ Wt. $ Avg. M.W. Liquidua Temp. Mixture 

7 N a F  50 16.55 126.8 575OC ( 1067'~ ) 
KF 20 9.16 

30 74.28 w4 

DENSITY 

SOLID AT ROOM TEMPERATURF: (gm/cc) 5.1* (Ref. 5) 
LIQUID (p = gm/cc, T = OC) 
LIQUID (p = lbs/ft 3 

p = 4.78 - 0.00104T 
p = 299.5 - 0.0361T T = OF) 

MWN voLuMEm~c c o m ~ c m m  OF L ~ U I D  ~ P A I V S I ~ N  (ipc x lo4) 2.57 

ENTBAISY, HEAT CAPACITY AND REAT OF FUSION 

SOLID - 
Enthalpy (cal/gm) %-Hoot* = 
Heat Capacity (cal/gm OC) c * =  

Heat Capacity at 3OO0C (572OF) c = 0.15 
P 
P 

LIQUID 

Enthalpy (cal/gm) %-Hoot* = 
Heat Capacity (cal/gm OC) c * -  

Heat Capacity at 70O0C (1292OF) c = 0.22 
P 
P 

HEAT OF FUSION (cal/gm) 

THEZMAL COIdDUCTIVITY 

K (BTU/hr ft OF) 

VISCOSrPY 

(Cent ipoises ) (Centistokes ) - F (Ib. /ft-hr) ft2/hr 
0 C 0 - 

700 10.0 1300 23.7 
800 6.65 1500 15.3 
900 4*75 

Exponential Form ( cent ipoises ) 

e e s  experimental values. Other values given are calculated or estimated. 

e 
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Mixture Component M O ~  4& 
8 NaF 100 

Liquiaw Temp. 4, Wt. $ Avg. M.W. 

100 42 995% (1823OF) 

DEXSITY 

SOLID AT ROOM TFHPEXATURE (gm/cc) 
LIQUID (p = gn/cc, T = 'C) 

LIQUID (p = 1bS/ft3, T = OF) 

MEAH VOLUMETRIC CO&ICIEEP OF LIQUID MPAX?SIOI (1PC x 10 ) 

2.79* (Ref. 9) 

4 

EEFWLPY, HEAT CAPACITY AElD KEAT OF FUSION 

SOLID (25' - 992OC) 
I$,-Hooc* = 0.2593T + 5.3b x 10 -5 T 2 (Ref. -6) Enthalpy (cal/gm) 

Heat Capacity (cal/gm OC) c * = 0.2593 + 10.72 x 
P 
P 

Heat Capacity a t  300°C (572'F) 

Enthalpy (cal/e;m) % o c  

c * =  0.291 
LIQUID (992O - 1027OC) 

-H 0 * P 117.24 + O.38lOT 
c * = 0.381 
P 
P 

Heat Capacity (cal/- OC) 

Heat Capacity a t  700°C (l.!292°F) C "  

HEAT OF FUSIO~I (cal/gm) %-H~* = 185.2 

THERMAL CONDUCTIVITY 

K (BTU/hr ft OF) 

VISCOSITX 

F (lb. /ft-hr) ft2/hr 0 
C (Centipoises 1 (Centistokes) - 0 - 

Exponential Form (cent ipoises ) 

*Denotes experimental values. Other va lues  given are calculated or  e s t h t e d .  

1_ w 
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b t b l p y  (cal/epP) S-EOoc* = 
Heat capacity (eSl/@ OC) 

Heat Capacity a t  30O0C (572OF) 
cp* = 
c =  
P - LreuJs 

h- lPY (=l/m) %-EOoc* 
c * -  P 
B 

Heat Capacity (cal/gm 'C) 
Heat Capacity at 70O0C (l292OF) c -  

%-%+ HEAT OF FusIOll (cal/ga) 

K (BTU/hr f t  OF) 

VISCOSITY 

- OC (Centipoiees) (~entietokes) 

*Denote8 experiasntal valwra. Other values given are calculated or estimated. - 
R 
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Mixture Composition M O ~  $I w t .  $ AvgD M.W. Liquidus Temp. 

I- 

10 LiF 100 100 25.9 848'~ (1558'~) 

DEHSITY 

SOLID AT ROOM TEp4pERATuRE (gm/cc) 2.64*(Ref. 9) 

Heat Capacity ( c a l / p  OC) 

EPITHALPY, HEAT CAPACITY AND HEAT OF FUSION 

- SOLID ( 0 O - 8 4 8 ~ ~ )  

~ - ~ o c *  0.54240'11 + 2,0624 x 10 -5 T 2 Enthalpy ( cal/gm) 
-8 3 -lo,& -2.4217 x 10 T + 0.40261 x 10 

-108.00 loglo( T + 273.16/273.16) 
(Ref. 47) 

cp* = 0.371 at O°C 
= 0.450 at  200°C 
= 0.488 at 4OO0C 
= 0.522 at 600°C 
= 0.568 at 800'~ 

LIQUID (848°-9000C) 

lQltklPY ( c+34 

Heat Capacity (cal/gm OC) 

H E ~ T  OF FUSION (cal/gm) 

*Denotes experimental values. Other values given are calcuhted or  estimated. 
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Liquidus Temp. Mixture Component Mol W t .  $ Avg. M.W. 

u KF 100 100 58.1 

DENSrmY 

SOLID AT ROOM TEMpERATuRe (gm/cc) 
LQUD (p = &m/cc, T = OC) 
LIQUID (p = 1bs/ft3, T = OF) 

2,51* (Ref. 9) 

mmv VOLUMETRIC C O E F F I C ~ ~  OF L B W ~  ~ ~ S I O H  ( i p c  x lo4) 

EBPPBAISY, HEAT CAPACITY AZOD BEAT OF FUSIOH 

- SOLID (25'-857'@) 
Enthalpy (cal/gm) 

Heat Capacity a t  300°C (572OF) 

Enthalpy (cal/gm) 

Heat Capacity at 700°C (=%OF) 

~ , p ~ o ~ *  = 0.2044~ + 2.69 x lo-?? ( R e f ,  46) 
Heat Capacity (eal/gm OC) c * e 0,2044 + 5.38 x 

c * r0 .221 
P 
P 

LIQUID (857'-927OC) 
%-H o * = 75-02 + 0.2754-T o c  

P 
P 

Heat Capacity (cal/gm OC) c * = 0.2754 

c =  

HEAT OF FUSIOIO (cal/gm) %-Es* 116.1 

TBERMaL CORDUCTIVITY 

K (BTU/hr f t  OF) 

vIscosm 
(Centipoiaes) (Centietokes) - F (lb. /ft-hr) ft'/hr 0 c 0 - 

Exponential Form (cent ipolaee ) 

*Denotes experimental values. Other values given are calculated o r  estimated. - 
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Ih 
Mixture Component M o l  $ W t .  $ Avg. M.W. Liquidus Temp. 

12 Hal? 11.5 11.70 41.2 454'C (849OF) 
KF 42.0 59 09 
LiF  46.5 29-21 

DENSITY 

SOLID AT ROOM TEMPERATURE (gm/cc) 
LIQUID (p  = gm/cc, T = OC) 

MEAN VOLUMETRIC COEFFICIENT OF LIQUID EXPANSIOFI (1pC x 10 ) 

2.6" (Ref .  5)  
p* = 2.53 - 0,00073T (Ref .  16) 

LIQUID (p = lbs/ft3, T = O F )  p* = 158.7 - 000253T 
4 3.61 

ENTHAI;PY, HEAT CAPACITY AND HEAT OF FUSION 

- SOLID ( 60O-454OC) 
Enthalpy (cal/gm) 
Heat Capacity (cal/gm OC) 

Heat Capacity at 300°C (572OF) 

I$-Hooc* = -2.6 + 0.271T + 9.8 x 10-58(Ref. 4) 
c * = 
c * =  0.33 

0.27 + 19.6 x loS5, 
P 
P 

Lnm (475O-875Oc) 
Enthalpy (cal/gm) %-Hoot* = 30.3 + Oe453T 

c * = 0.45 
c * =  0.45 
P 
P 

Heat Capacity (cal/gm OC) 
Heat Capacity a t  70O0C ( 1 2 9 2 O F )  

HEAT OF FUSION (cal/gm) %-€IS* = 95 

THERMAL COmDUCTIVITY 

K (BTU/hr ft OF) 2.6 (Liquid) (Ref .  11) 
2.7 (Solid sphere) (Ref. 45 ) 

v1sc0sm 
F (lb. /ft-hr) ft2/hr 

9.2* (Ref. 12) 4-26 lloo 12-1" 0 * 0923 
2.27 1300 6.9" 0.0547 

0 
C (Centipoises) (Centistokes ) - 

500 
600 4.75" 
700 2.9* 1.44 1500 
800 1.95" 1.00 

0 - 

4.4" 0 0363 

4170/T°K Exponential Form (centipoises) p = 0.0400e 

PRAEJDTL HWBER 

-GAL CONDUCTIVITY (ohm-cm)-' 

*Denotes experimental values. 

2.1 at llOO'F, 1.2 at  1300°F, 0-76 at 1500°F 

1.34 at l lOO°F,  1.58 at  130O0F, 1.80 at lmop 
(Ref. 13) 

Other values given are calculated or estimated. 
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Component Mol $ Wt. $ Avg. W.W. Liquidua Temp. Mixture 

13 NaF 53 17.40 128 49OoC (914'F) 
RbF x) 16.33 
m4 27 66.27 

DENSITY 

SOLID AT ROOM TEMPERATURE (gm/cc) 
LIQUID (p = gm/cc, T = OC) 

5.02 
p = 5.05 - 0.00108~ 

LIQUID (p = lbs/ft 3 , T = O F )  p = 316.4 - 0.0374T 
MEAN VOLUMETRIC COEFFICIEHT OF LnUID EXPANSION (1PC x 10 4 ) 2.53 

ENTBAI;PY, HEAT CAPACITY AND REAT OF FUSION 

SOLID - 
&t&lPY (cal/e) %-Hoot* = 
Heat Capacity (cal/gm 'C) c * r :  

Heat Capacity at 3OO0C (572OF) 

Heat Capacity (cal/m 'C) c * =  

c P = 0.15 

c P I 0.21 

P 
LIQUID 

EntblPY (cal/gm) I$,-HOoc* =: 

Heat Capacity at 7OO0C (1292OF) 
P 

HEAT OF FUSION (call-) 

THEZWAL COFJDUCTIVITY 

K (B!FU/hr ft OF) 

VISCOSITY 

C (Centipoises ) (Cent istokes ) 
0 - 

Exponential Form (cent ipoises ) 

F (lb. /ft-hr) ft2/hr 0 - 

*Denotes experimental values. Other values given are calculated or estimated. - 



Mixture Component b l  $ Wt. $ Avg. M.W. Liquidua Temp. 

14 HaF 10 .g 10 21 44*9 452OC (8460~) 
KF 43.5 56.34 
LiF 44.5 25 73 
w4 1.1 7.71 

DENSITY 

SOLID AT ROOM TEMPERATURE: (gm/cc) 
LIQUID (p = gm/cc, T = OC) 

W N  VOLUMETRIC COEF'FICDENT OF LIQUID EXPANSION (1pC x 10 ) 4.46 

2.7* (Ref. 5) 
p* = 2.65 - 0.0OOgOT (Ref. 17) 

LIQUID (p = lba/ft 3 , T = OF) p* = 166.4 - 0.03lrr 
4 

e, HEAT CAPACITY AND m T  OF FUSION 

- SOLID (90°-4500C) 

Enthalpy (cal/€P) 
Heat Capacity (cal/gm OC) 

Heat Capacity at 300°C (572OF) 

% - H ~ ~ ~ *  = -9 + 0.310T (Ref. 4) 
c * = 0.31 
P 
P 
c * = 0.31 

LIQUID ( 500°-10000c 
Enthalpy (cal/gm) %-Hoot* = 21 + 0.437T 
Heat Capacity (cal/gm OC) 

Heat Capacity at 700°C (1292OF) 

c * = 0.44 
c + =  0.44 
P 
P 

HEAT OF FUSION (cal/gm) 

K (B"U/hr ft OF) 

%-HS* = 87 

2.3 (Liquid) (Ref. 14) 
2.0 (Solid sphere) (Ref. 45) 

VISCOSITY 

F (lb. /ft-hr) ft2/hr 

600 4. & 2.18 1300 6.6* 0.0525 
500 

700 2.75" ~ 3 6  1500 4.B 0.0351 
800 lo@* 0.96 

0 
C (Centipoises) (Centistokes) - 0 - 

8.8* (Ref. 12) 4.00 lloo 11.6* 0.0876 

4265/T°K Exponential Form (centipoises) p = 0.0348e 

PRaEBDTL BUMi3ER 2.2 at llOOQF; 1.3 at 13OO0F, 0.80 at 15OO0F 

*Denotes experimental values. Other values given are calculated or estimated. 

aim- - 
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Liquidus Temp. Component wt .  $ Mixture - 

15 NaF 2 9 0  5 24.60 50.3 433'~ (811%) 
BeF2 64i.0 59 0 75 
KF 409 5.66 
VEP, 1,6 9099 

DENSlTy 

SOLID AT ROOM TEMPERATURE (gm/cc) 
LIQUID (p = gm/cc, T = OC) 

2.5+ (Ref, 5) 
p = 2,26 - O ~ O O O ~ ~ ~  

LIQUID (p = lbs/ft3, T = OF) p = 141.5 - 000%2518 
MEAN VOLUMETRIC COEFE'ICIEIJT OF LIQUID EXPARSION (ipc x lo4) 1,8o 

ENTBALPY, HEAT CAPACITY AND HEAT OF FUSIOR 

SOLID - 
Enthalpy (cal/gm) €$-Hoot* 
Heat Capacity (cal/gm OC) c * =  
Heat Capacity a t  3OO0C (572OF) 

Heat Capacity (cal/gm OC) c * =  
Heat Capacity a t  70O0C (l2Z0F) 

P = 0 ~ 3 6  

P = 0 ~ 5 1  

LIQUID P - 
Enthalpy (cal/gm) %-Hoot* 

P 

5 - H s *  = HEAT OF FUSION (cal/gm) 

THERM€& COlBDUCTIVITY 

K (B!PU/hr ft OF) 

v1sc0sm 

C (Centipoises) (Centistokes ) 
0 - 

Exponential Form (cent ipoises ) 

(lb. /ft-hr) ft2/hr F 0 - 

*Denotes experimental values. Other values given are calculated or estimated. 

pLsl4a - 



Mixture Comonent 

16 maF 
BeF2 
up4 
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b 1  $ wt .  $ 

34.0 21.00 
57.5 39 74 
8.5 39 26 

-$sgg) 

Avge M.W. Liquidue Temp. 

68.0 55OoC (1022OF) 

SOLID AT ROOM TEMPERATURE ( P / C C  

LIQUID (p = gn/cc, T = OC) 
LIQUID (p = lbs/f't 3 T OF) 

2.99 
p = 2.90 - 0.00054T 

p = 181.6 - 0.0187~ 
4 

ENTBALPY, HEAT CAPACITY AND HEAT OF FUSION 

MEAN VOLUMETRIC COEFFICIENT OF LIQUID EXPANSION (1fC x 10 ) 2.14 

SOLID - 
Enthalpy (cal/gm) HT-Eo~c* = 

c * =  P 
P 

Heat Capacity (cal/gm OC)  

Heat Capacity at  300°C (572OF) e: 0.28 

LIQUID 
Enthalpy (cal/gm) %-Hoot* = 

C * "  

c = 0.39 
P 
P 

Heat Capacity (cal/@;m OC) 

Heat Capacity a t  70O0C (1292'F) 

HEAT OF FUSION (cal/@;m) %-HS* = 

THERMAL COXDUCTNITY 

K (B!!XJ/hr f t  OF) 

C 0 - (Centipoises) 

VISCOSITY 

(Cent i s  tokes ) (lb. /f't-hr) ft2/hr OF - 

Exponential Form ( cent ipoises ) 

*%notes experimental values. Other values given are calculated o r  estimated. - 
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Mixture Component Mol $ W t .  $ Avg. M.W. Liquidue Te1111311) 
17 RaF 47 39.48 5 0 ~  o 395OC (743OF) 

BeF2 51 479% 
m4 2 120 56 

DENSER 

SOLID AT ROOM TEMPERATURE (gm/cc) 2e6* (Ref, 5) 
LIX2UID (p = gm/cc, T = OC) 
LIQUID (p = 1b8/ft3, T = OF) 

p = 2.39 - O o O O O k O r  
p = 149.6 - OoOl3gT 

ME.4.M VOLUMETRIC COEFFICIEm OF LIQUID E3IpA1oSIOI (1pC x lo4) 1089 

EEtXAWY, m T  CAPACITY AlBD BEAT OF FUSION 

SOLID - 
Enthalpy (cal/gm) $-Booc* = 

"P* = 
Heat Capacity (cal/gm OC) 

Heat Capacity at  300°C (572OF) c = 0.35 

Heat Capacity (cal/gm OC) 

P 
L Q r n  

h t b l P Y  (=l/asn) €$-Hoot* = 

Heat Capacity a t  70O0C (=%OF) c = 0049 
cp* = 

5%" = 

P 

HEAT OF FUSION (cal/gm) 

K (BTU/hr ft OF) 

v1sc0sm 
- F (lb. / a -h r )  ft2/hr 
1100 42,4 600 16, 5 

700 a. 0 1300 18.9 
1500 9.8 800 4.4 

0 (Centipoieee) (Centistokes) C 0 - 

Exponential Form (centipoleea ) 

*hnotes experimental values. Other values given are calculated or estimated. - 
f 
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Mixture C o m p o n e n t  lbl $ W t .  $ Avg. M.W. Llguldus Temp. 

18 Na;F 45 19 57 96.5 506% (943OF) 
8.87 LiF 33 

uF4 22 71.56 

DENSITY 

SOLID AT ROOM TEMPERATURE (gm/cc) 5.0* (Ref, 5) 
LIQUID (p = gm/cc, T = OC) 
LIQUID (p - 1bs/ft3, T - OF) p = 4,54 - 0.00101T 

p 284.5 - 0.035T 

MEAN VOLUMETRIC com~cmm OF L~&un> EXPMSIOB (1pc x lo4) 2-64 

ENTRALFX, HEAT CAPACITY AID REAT OF FUSION 

SOLID - 
Enthalpy (cal/epP) 

Heat Capacity ( C S l / g m  OC) 
Heat Capacity a t  300°C (572OF) 

Enthalpy (cal/gm) 
Heat Capacity (cal/gm OC) 

Heat Capacity a t  7OO0C (1292OF) 

LIQUID 

HEAT OF FUSION (cal/gm) 

K (BTU/hr f t  OF) 

C (Centipoises) 0 - 

HT-HOoc* 
c * -  
c = 0.19 
P 
1, 

%-Hoot* 
c * =  P 
P 

= 0.26 

%-HS* = 

!EERMAL COmDUCTIVITY 

VISCOSITY 

Cent istokes ) 

Exponential Form (cent ipoises ) 

(lb. /ft;-hr) ft2/hr OF - 

experimental values. Other values given are calculated or estimated. 

I 
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19 N?IF 5 1.94 108.2 405'C (761%) 

KF 51 27 38 
42 64 . 88 
2 5.80 2"F4 

uF4 
DENSITY 

SOLID AT ROOM TEMPERATIEE (gmlcc) 30 67 
LIQUID (p = gm/cc, T = OC) @@ L- 3.78 - 0,00109T (Ref e 18) 
LIQUID (p = ~ b ~ / d ,  T = OF) p* p 237.2 - OeO378T 
MEAN VOLUMETRIC com~cnm OF LIQUID EXPANSION (i/oc x lo4) 3.48 ( ~ Q C ]  

ENTHAISY, HEAT CAPACITY AND HEAT OF FUSION 

SOLID - 
Enthalpy (cal/gm) %-Hoot* .I 
Heat Capacity (cel/gm OC) c * =  
Heat Capacity at  300°C (572'F) 

Heat Capacity (cal/gm 'C) c * =  

P I 0.18 
P - LIQUID 

Enthalpy (cal/gm) %-Hoot* 
P 
P 

5 - H s *  = 

= 0.25 Heat Capacity at 700'C (1292'F) 

HEAT OF FUSION (cal/gm) 

THEBMAL COPIDUCTIVITY 

K (BTU/hr ft O F )  

VISCOSITY 

C (Centipoises) (Centistokes 1 - F (lb./ft-hr) ft2/hr 
0 0 - 

500 U * O  n o 0  16.0 
6,4 1x0 no03 600 

3.25 403 1500 70 6 

lkponent ial Form (centipoises ) 
z: 

*Denotes experimental values. Other values given are calculated or estimated. 

-I, @mf& 
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Llquldus Temp. 

20 w 5 2-01 104.2 425OC (797OF) 

- 
Mlxture Component Mol $ W t .  $ Avg. M.W. 

m 52 28.99 
43 69 .oo aF4 

DENSITY 

SOLID AT ROOM TEMPERAW (gm/cc) 
LIQUID (p = gm/cc, T = 'C) 

MEAN VOLUMETRIC COEFFICIENT OF LI&UID EXF'ANSION (1pC X 10 

3-57 
p = 5-38 - O.OOO84T 

LIQUID (p = lbs/ft3, T * OF) = 211.9 - 0.02gi~ 
4 3.02 

E85UPY, HEAT CAPACITY AND HEAT OF FUSION 

SOLID - 
Enthalpy (cal/gm) %-Booc* = 

C * "  

c = 0.19 
P 
P 

Heat Capacity (cal/gm OC) 
Heat Capacity at 30O0C (572'F) 

L I Q W  
Enthalpy (cal/gm) 5-HOoC* = 

c*c= 
P 
P 

Heat Capacity (cal/e;m OC) 
Heat Capacity at 700°C (1292OF) = 0.26 

HEAT OF FUSION (cal/srm) 

K (BTU/hr ft OF) 

5 - H S *  = 

THERMAL COmDUCTIVITY 

VISCOSITY 

OF (lb. /ft-hr) ft2/hr C (Centipoises) (Centistokes) - 0 - 
1100 1 5 . ~  0.0850 

0.0566 
10.5" (Ref. 19) 3-57 

€00 6, i* 2.13 w o  9.8* 500 

700 4.l* 1.47 1500 7. i* 0.0424 
800 3.1* 1.15 

Exponential Form (centipoises) p = 0.161e 3171/T°K 

*Denotes experimental values. Other values given are calculated or estimated. 

Q 
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Mixture Coarponent b l  $ Wt. Avg. M.W. Liquid- Temp. 

21 NaF 4.8 1.80 112 D 1 54OoC (1004OF) 
KF 50.1 25-96 
ZrF4 41.3 6L59 
uF4 3.8 10.65 

'DE34SITY 

SOLID AT ROOM !PEWERATUFE (I~II/CC) 3-76 
LIQUID (p = gm/cc, T = 'C) p* = 4.27 - 0,00163T (Ref. 18) 
LIQTJID (p = 1bs/ft3, T - OF) p* = 268.3 - OeO565T 
NEAa v o L m m ~ c  C O ~ I C I E E P T  OF ~ n m  ~ ~ S S O E I  ( ~ P C  x 16) 50  51 (SOOOC) 

JH!tWWY, BEAT CAPACITY AEBD IBAT OF FUSIOE 

SOLID - 
Enthalpy (cal/gm) %-EOoc* = 
Heat Capacity (cal/e;m OC) c * =  

Heat Capacity at 300°C (572'F) 
P 
P 
c =  

L I Q m  ( 51O0-8gO0c)* 
Enthalpy (cal/e;m) €$-Hoot* = -14.5 + 0.277T (Ref. 4) 
Heat Capacity (cal/gm OC) c * = 0.28 
Heat Capacity at 700°C (=%OF) c JC =i 0.28 

P 
P 

HEAT OF m108 (cal/gtn) 3 - H s *  

TIIERMAL COIODfTCTIVITY 

K (BW/hr ft O F )  

VISCOSITX 

C (Centipoises) (Centistokes) 0 - 
600 6.7 
700 4.5 
800 3-4 

Ekponential Fom (centipoises) 

(lb. /f t-hr) ft2/hr F 0 - 
1100 16.9 
1300 10.8 
1500 8.0 

*Denotes experimental values. Other values given are calculated or estimated. 

6 -scontinuity was noted in the temperature-enthalpy 
relationship in this temperature range, 
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Mixture Component M D ~  $ Wt. Avg. M.W. Liquidus 

22 KF 46 21.75 122.9 605OC (1l2loF) 
50 68.03 
4 10.22 

&*4 
VEt 

SOLID AT ROOM TEMPEWTURX (-/cc) 3.90 
LIQUID (p = @/cc, T = OC) 

MEAR VOL-IC C O ~ I C I E B I T  OF L I Q ~  EXFMSIOE (ipc 31 io 

p J 3.69 - 0.00089~ 
LIQUID (p = 1bs/ft3, T = OF) p = 231.3 - 0.0309T 

4 
2.91 

-3 HEaT CAPACITY AEJD BEAT OF FUSIOR 

SOLID - 
Enthalpy (cal/gm) %-EOoc* = 
Heat Capacity (cal/gm OC) c * =  

Heat Capacity a t  300°C (572OF) c = 0.17 

Heat Capacity (cal/gm OC) C * "  

P 
P 

L n d D  
Enthalpy (cal/gm) %-Hoot* e 

P 
P C = 0.24 Heat Capacity a t  700°C (l292OF) 

HEAT OF FUSIOR (cal/ga) %-Es* = 

Erponent ial Form (cent ipoises ) 

F (lb. /ft-hr) ft2/hr 0 - 

K (BTU/hr ft OF) 

vIscosm 
C (Cent ipoises ) (centistokes ) 0 - 

*Denotes experimental values. Other values given are calculated o r  estimated. 
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Mixture Component Mol $ Wt. Avg. M.W. Liquidw Temp. 

23 KF 41.8 56.61 42.9 450°C (842'~) 
RaF 11.4 u.16 
LiF 46.2 27.92 
ThF4 0.6 4.31 

DE3fSrpY 

20 53 SOLID AT ROOM TEEapERATURE (gm/cc) 

LIQUID (p = lbs/ft  3 
LIQUID (p = gm/ccy T = OC) 

MW VOL~ETRIC COEFFIC~EJT OF LI&V~, mmsropj~ ( i p c  x lo4) 3-45 

p = 2.52 - 0.00070~ 
T = OF) p = 158.1 - 0.0243T 

m T  CAPACITY AND IEAT OF FUSIOR 

SOLID - 
Enthalpy (cal/gra) I$-Eo~c* = 
Heat Capacity (cal/gm OC) C Y =  

Heat Capacity a t  300'C (572'F) c = 0.32 
P 
P 

LIQUID 
(=l/d %-Hoot* = 

Heat Capacity (cal/gm 'C) e * =  P 
P Heat Capacity a t  70O0C (l2PoF) c = 0.45 

%-HS" = HEAT OF FUSIOH ( c a l / e )  

K (BTU/hr f t  'F) 

vIscosI!rY 
F (lb. /ft-hr) ft2/hr 0 

C (Centipoises) (Centistokes ) - 0 - 
500 9.2 
600 4075 
700 2.9 
800 1.95 

Exponential Form (cent ipoises ) 

1100 12.1 
1300 6.9 
1500 4.4 

*Denqtes experimental values. Other d u e s  given are calculated o r  estimated. 
*. mmk* - 
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Mixture Component Mol $ Wt. $ Avg. M.W. Liquid- Temp. 

24 KF 18 10,m 102.5 45OoC (842'~) 
NaF 36 14.75 
zrF4 46 75 9 04 

SOLID AT ROOM TEMPERATURE (gm/cc) 
LIQUID (p = @/cc, T = OC) 

LIQUID (p = 1bs/ft3, T = OF) 

 MEA^ VOLT~METRIC COEFFICIE~ OF LIQWID ~ ~ S I O H  (ipc x i o  ) 2.92 

3.80 
p = 3.59 - 0.00087~ 
p = 225.1 - o . o p r r  

4 

-9 HEAT CAPACITP AHD HEAT OF FlfsIOH 

SOLID - 
Enthalpy (cal/gm) %-EOoc* = 
H e a t  Capacity (eal/gm OC) e * =  

H e a t  Capacity a t  300°C (572OF) c = 0.19 

Heat Capacity (cal/gm OC) e * =  
Heat Capacity a t  70O'C (l292'F) = 0.27 

P 
P 

LIQUID 
Enthalpy (cal/m) E$-HOoc* = 

P 
P 

HEAT OF FUSIOH ( ca l /p )  

TIERMAL CONDUCTIVITY 

IC (BTU/hr f t  'F) 

vIscosm 
F (lb. /f't-hr) ft2/hr 0 

( Centipoise s ) (Centfstokes) - C 0 - 
600 7-15 1100 17.9 
700 4*4 1x0 10.5 
800 3.05 1500 6.9 

Exponential Form (cent ipoises ) 

*Denotes experimental values. Other values given are calculated or estimated. 
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Mixture Colmponent M o l  $ Wt. $ Avg. M.W. Liquidua Temp. 

SOLID AT ROOM !BNPERATURE (gm/cc ) 

LIQUID (p = lbs/ft3, T = '2') 

3097 
LIQUID (p = gm/cc, T = OC) p* = 3.78 - OeOOOglT (Ref .  18) 

p* = 2 3 ~ ~ 0  - 0.0315~ 
VOLUPIESIRIC COEFFICIEEPT OF LIQUID EXPAHSIOH (I/% x 10 4 2-90 

EBlTHALpTj EEAT CAPACITY AXD HElAT OF FUIIIOH 

SOLID - 
Entblpy (cal/gm) l$,-HOoc* = 
Heat Capacity (cal/gm OC) c * =  

P 
P Heat Capacity at  30O0C (572'F) c = oOa8 

L I Q m  

EntfLEtlPY (cal/epn) %-Hoot* = 
Heat Capacity (cal/gm 'C) c * =  
Heat Capacity at 70O0C (l2gZ0F) c = 0 ~ 2 5  

P 
P 

HEAT OF FUSIOB (cal/gm) 5 - H s *  = 

K (BTU/hr f t  OF) 

vIscosI!rY 
C (~entipoiees) (Cent is  tokes ) F (lb. /f t-hr) ft2/hr 0 - 0 - 

8,1 1100 2003 600 
700 5.2 l300 1201 
800 306 1500 8,o 

Exponential Form (centipoises) 

*Denotes experimental values. Other values given are calculated or estimated. 
9 6%; P'*l a!m5 
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Mixture Component b l  Wt. Avg. M.W. Liquidw Temp. 
*et!@#+ 

2% KF 17.6 13 65 107.7 545OC (lOl3OF) 
IJBF 3501 9.47 

44.8 69055 
2.5 7.34 

*F4 
m 4  

SOLID AT ROOM !EMPEBATtJRE (gm/cc) 

DENSITY 

3.92 
LI$UID (p = gm/cc, T = OC) p* = 3.65 - 0.0008OT (Ref. 18) 
LIQUID (p = 1be/ft3, T = OF) p* = 228.7 - 0.0277~ 

4 
p4EAw VOLUMEB3IC COEFFICIXEJT OF LJQWD EXPAHSIOB (1pC X 10 ) 2-59 

EIJaaALPy, BEAT CAPACITY AlBD EXAT OF FUSIOlo 

SOLID - 
Enthalpy (cal/g;m) %-Hoot* = 

c * =  
P 
P 

Heat Capacity (cal/gm OC) 
Heat Capacity a t  30O0C (572OF) c = 0.19 

L I Q m  
Enthalpy (cal/Cpm) %-Hoot* = 

c * =  
c = 0.26 
P 
P 

Heat Capacity (cal/epn OC) 

 eat capacity a t  7oo0c (=%OF) 

HEAT OF ~ I O H  (cal/gra) 

K (B!PU/hr f t  OF) 

VISCOSITY 

C (Centipoisee ) (Cent istokes ) 0 
I 

600 8 d  
700 5.1 
800 3.5 

- O F  (lb. /ft-hr) ft2/hr 

1100 m.-3 
1300 12.1 
1500 8.0 

Exponential Form (centipoises) 

*Denotes experimental values. Other values given are calculated or  estimated. 
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Component M O ~  $ wt. $ Avg. M.W. Liquidus Temp. Mixture 

111.6 54OoC ( l O O 4 O F )  26 KF 14.0 7.28 

ZrF4 45.6 68.27 

DEaSITp 

HaF 36.6 13.76 
3.8 10.69 w4 

SOLID AT ROOM TEIJIPERATURI~ (gm/cc) 4.02 
LIQUID (p = gm/cc, T = OC) 
LIQUID (p = l'lzs/ft 3 , T = OF) 

ElJTBALpT, HEAT CAPACITY AloD HEAT OF F U S I O I  

SOLID - 
Enthalpy (cal/g;m) l$-HOoc* = 
Heat Capacity (cal/gm OC) c + =  P 

P Heat Capacity a t  3WoC ( 5 7 2 O F )  c = 0.18 
L I Q D  

Enthalpy (cal/e;m) I$,-HOoc* 
Heat Capacity (cal/gta 'C) c * =  
Heat Capacity at  7OO0C (l2Z0F) c = 0.25 

P 
P 

5 - H s *  = HEAT OF FUSIOB (cal/gm) 

!€BERWL COHDUCTIVITY 

K (BTU/hr 2 t  OF)  

VISCOSITY 

F (lb. /ft-hr) ft2/hr 0 - c (Centipoise8 ) (Centfstokes ) 
0 - 
600 8.2 
700 5.3 
800 3.7 

Exponential Form (centipoises ) 

1100 20.6 
1300 12.6 
1500 8.5 

*&motes experimental values. Other values given are calculated or estimated. 
PI* .; -,1 - 
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U 
Mixture Component M O ~  $ Wt. 4 

27 I?@ 46 16 73 
50 72 39 
4 10.88 zrF4 

w4 

DEZSITY 

SOLID AT ROOM TENPEBATURE (@/CC) 

LIQUID (p = &~/cc,  T 
LIQUID (p = lbs/ft3, T = OF) 

OC) 

EIJaBAIsy, HEAT CAPACITY AED HEAT OF FUSION 

SOLID - 
Enthalpy (cal/gm) J$-HOoc* = 

c * = :  
P 
P 

Heat Capacity (cal/gm OC) 

Heat Capacity at  30O0C (572OP) = 0.18 

L I Q m  
Enthalpy (cal/gm) %-Hoot* = 

C + '  
P 
P 

Heat Capacity (cal/gm OC) 

Heat Capacity at  700°C (l292OF) = 0.25 

HEAT OF FUSION (cal/gm) 

!ELFEW& COlJDUCTIVITX 

K (BTU/hr f t  OF) 0.6 (sol id  sphere and slab)(Ref. 45) 

VISCOSITY 

0 C ( Cent ipoises ) (Cent istokes ) 

600 8.9 
700 507 
800 3.9 

- 

Exponential Form (centipoises) 

F lb /ft -hr ) 0 - 
1100 22-3 
1300 13.6 
1500 9 *o  

Wenotes experimental values, Other values given are calculated or estimated. 

!!mmh 
.p""-r-* 
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Mixture Component Mol $ Wt. $ Avg. M.W. Liquidus Temp. 

28 NaF 48 18.82 107.1 515Oc (959OF) 
52 8 ~ 1 8  aF4 

DEBSITY 

SOLID AT ROOM !EWPERATURE (gm/cc) 

LIQUID (p = 1b~/ft3,  T = OF) 
p.rIEAB v o m a m m  com~cmm OF LIQUID E~PAB~SIOH (ipc x 16) 2.86 

3.99 
LIQTJID (p = gm/ccY T = OC) p 3.79 - 0.0OOgOT 

p = 237.6 - 0.0312~ 

EKEALPYy HEaT CAPACITY AlTD EE4T OF FUSIOlf 

SOLID 
Enthalpy (cal/gm) I$,-HOoc* = 

c * =  
P 
P 

Heat Capacity (cal/gm OC) 
Heat Capacity at 30O0C (572OF) c = 0.19 

L I Q D  
Enthalpy (cal/m) %-Hoot* = 

e * =  
P 
P 

Heat Capacity (cal/gm OC) 
Heat Capacity at 700°C (l2Z*F) c = 0.27 

HEAT OF FUSIOH (cal/w) fIL-Hs* = 

K (B!FU/hr ft OF) 

VIsCOSITP 

0 C (Centipoises ) (Centistokes) - 
VIsCOSITP 

OF (lb. /ft-hr) ft2/hr C (Centipoises ) (Centistokes) - 0 - 
600 8.5 1100 21.5 
700 5.3 1300 12.5 
800 3.5 1500 8.0 

600 8.5 
700 5.3 
800 3.5 

Exponential Form (centipoises) 

- OF (lb. /ft-hr) ft2/hr 

1100 21.5 
1300 12.5 
1500 8.0 

*Denotes experimental values. 
,$mp#4'-.& 

Other values given are calculated or estimated. - 
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Mixture Component M O ~  4 Wt. $ Avg. M.W. Liquidus Temp. 

29 HaF 42.2 15 49 114.3 57OoC (1058°F) 
zrF4 57.8 84.51 

DEaSITY 

SOLID AT ROOM !EWPERAm (gm/cc) 4.06 

LIQUID (p = ~IU/CC,  T = 'C) 

p i ~ ~ a  VOLUM~TRI~ c o m r c ~ ~ m  OF L a m  ~ ~ ~ S I O H  (ipc x lo4) 

p =: 3.86 - o.ooogm 
LIQUID (p = lbs/ft3, T = OF) p = 242.0 - 0.031gT 

2.87 

SOLID - 
Enthalpy (cal/gm) %-Hoot* = 
Heat Capacity (ca l /gm OC) C * '  

Heat Capacity a t  30OoC (572'~) c = 0.19 

Heat Capacity (cal/gm 'C) e * =  

P 
I? 

LIQUID 
Enthalpy (cal/&m) l$,-HOoc* = 

P 
P 

%-Es* = 

Heat Capacity a t  70O0C ( E g 2 O F )  c = 0.26 

HEAT OF FUSIOH (cal/gn) 

'I%EHUL COIlDUCTIVI'lT 

K (B!PU/hr f t  OF) 

vIscosm 
C 0 - (Centipoises) (Centistokes) 

Exponential Form (centipoises) 

F (lb. /f't-hr) ft2/hr 0 - 

Wenotes experimental values. Other values given are calculated or estimated. 

-9 - 
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Component MOL $ wt.  $ Avg. M.W. Liquid- Temp. Mixture  

30 
- 

50 1g*01 110 e 5 5m°C (968OF) RaF 
46 69.62 
4 11-37 

bF4 
uF4 

DEaSITY 

SOLID AT ROOM TEEapERA'fuRE (gm/cc) 4.09* (Ref. 10) 
LIQUID (p = gm/cc, T = 'C) p = 3.93 - 0.00093T 
LIQUID (p = 1bs/ft3, T = OF) p = 246.4 - 0.0322~ 
MFAH VOLUMETRIC COEFFICIEIBT OF LIQUID EXRUSIOB (1pC x 10 4 ) 2.84 

EKBKLPY, HEAT CAPACITY ABD HFAT OF FUSIOE 

- SOLID (34O0-5OO0C) 
Enthalpy (cal/gm) %-€Tooc* = -12.6 + 0.215T (Ref e 4) 
H e a t  Capacity (cal/gm OC) c * = 0.22 

Heat Capacity a t  30O0C (572OF) c * = 0.22 
P 

LIQUID (54Oo-894Oc) P 

%-Hoot* E n t b l P Y  (callCpri) 2,1 + Oe3178T - 4.28 x 10 -5 T 2 

Heat Capacity (tal/@ OC) c * = 0.3178 - 8.56 x P 
P Heat Capacity at 700°C (=%OF) c * = 0.258 

HEAT OF FUSION (cal/gm) %-Es* =57 

THERMAL COIBDUCTXVITIC 

K (B!PU/hr ft OF) 0.5 (Solid slab) (Ref. 45) 
1.3 (Liquid) ( R e f ,  14) 

v1sc0sm 
(lb./ft-hr) ft2/hr F 0 - c (Centipoises) (Cent is tokes ) 

0 - 
1100 21 3" 0.1009 
1300, U.8* 0 e 0625 

600 Bo?* ( R e f .  20) 2,52 
700 5*4* 1,65 
800 3.7" 1.16 
850 3.2* 1.02 

1500 8.5* 0.0430 

Exponential Form (centipoises) p = 0.0981e 3895/T°K 
PRAmDTI, MUMBW 4.4 at l lOO°F,  2.5 at lpO*F, 1.6 at  15OO0F 

ELECTRICAL COIdDUCTIVITY (ohm-crn)-l 0.87 at  l lOO°F,  1016 at 130O0F, 1.45 at 1500°F 
SURFACE TENSION (dpes/cm)' 157 at  53OoC, 132 at 630'~, 115 at 730OC 
*Denotes experimental values. Other values given are calculated o r  
ri'blbt.* 

13) 
$1) 

8 ima ed. 

I 
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Mixture Component No1 $ Wt. $ Avg. M.W. Liquid- 

31 NaF 50 20.08 104.6 510°C ( 95OoF) 
c 

ZrF4 50 798 92 

DEIPSITJL 

SOLID AT ROOM m w  (grs/cc) 
L I Q m  (p - &m/cc, T = OC) 

4.ll* (Ref. 22) 
p* = 3.79 - 0.00093T (Ref .  23) 

LIQUID (p = lbe/ft3, T = OF) p = 237.6 - 0.032211 
4 

EHTHAWY, HEAT CAPACITY ABD FEAT OF FUSIQX 

VOLUMETRIC COIB"ICIEH!C OF LIQWD ElTpAI\ISIOH (1pC x 10 ) 2.96 

- SOLID ( 5g0-488OC) - C  cl 

0.1 + 0.1798T + 2.69 x 10 Enthalpy ( c a l / p )  q - H n ~ c *  = C 

Heat Capacity (ca l /gm ' e )  
'T" (Ref .4) 

I - -  * = 0.1798 + 5.38 x lO-'T 
cD c 

Heat Capacity a t  300'6 (572OF) CTI Y = 0.196 

Heat Capacity a t  70O0C (l292OF) 

K (BTU/hr ft OF) 

VISCOSITY 

OF (lb./f%-hr) ft2/hr C (cent ipoises ) (Centistokes) - 0 - 
600 8.4* (Ref. 24) 2.60 

5 . 2 ~  1.66 
1.13 

700 
800 3*45* 

1100 =)*an 0.1033 

0 A416 
1300 
1500 7.9" 

l2.3* 0.0627 

Exponential Form (centipoises) )r = 0.0709e 4168/?K 

ELECTRICAL CONDUCTIVITY (ohm-crn)-l 0,64 at llOO°F, 1.05 at 1300°F, 1.47 at 15OO0F 
(Ref. 13) 

*Denotes experimental values. Other values given are calculated or  estimated. 

%V*"";?* 
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32 NaF 
ZrF& 

52 21*39 102.1 
48 78.61 

DHBSITII 

SOLID AT ROOM TEMPERAT~JRE (cpa/cc) $.loj(Ref. 22) 

LIQUID (P = &m/cc, T = OC) 
LIQUID (p = 1bs/& T = OF) 

p = 3.72 - O+OOO@T 
p = 233.2 - 0.0309T 

mm VOLUMETRIC c o m r c ~ m  OF L I $ ~  ~ ~ S I O E T  (ipc x lo4) 2.87 
-, BEA,T CAPACITY AND €EAT OF FUSIOEB 

SOLID - 
b t b l P Y  (cal/m) %-Booc* = 
Heat Capacity (cal/gm OC) ' c * =  
Heat Capacity at 30O0C (572'F) c -0.20 

Heat Capacity ( c a l / p  OC) c * r  

Heat Capacity at 70O0C (W&F> c = 0.27 

5-HS" = 

P 
P - L w J I D  

Enthalpy (cal/gm) Jsr-Eo~c* = 

P 
P 

HEAT OF FTJSIOH (cal/ga) 

'IHERML COl'fDUCTIVITIL 

K (BTIJ/hr f t  OF) t 

VISCOSITX 

C ( Centipoises ) (Centis tokes ) 
0 - 
600 7.9 

800 3.35 
700 4.8 

Exponential Fom (centipolses ) 

F (lb./ft-hr) ft2/hr 0 - 
1100 20.1 
1300 11.4 
1500 7.7 

*Denotes experimental values. Other values @veri are calculated or estimated. 
;:+w, 4E 



Mixture Component M O ~  $ Wt. $ Avg. M.W. Liquidw Temp. 

33 EJaF 50 14 e 86 141.4 610'c ( l130°F) 
25 29.58 
25 5536 z"F4 

uF4 

SOLID AT ROOM !EEWERATURE (@/a) 4.93 
LIQUID (p = epi/cc, T = 'C) 

MEN$ VOLUME!CRIC COEFFIClXlCl! OF L l R m  EXPABSIOLrl (1pC x 10 ) 3.99 

p* = 5.09 - 0,00159T (Ref 23) 
LIQUID (p = 1bs/ft3, T = OF) p* = 319.5 - 0.0551T 

4 

m, HEAT CAPACITY AHD BEAT OF FUSIOlf 

- SOLID ( 28oo-61o0c) 
Enthalpy (cal/epi) 
H e a t  Capacity (cal/p 'C) 
Heat Capacity a t  30O0C (572OF) 

€$-Hoot* = -17.7 + 0 , 1 6 6 ~  (Ref a 4) 
c * = 0.17 
P 
P 

c *  = 0.17 
L E I m  (610'-930'~) 

Enthalpy (cal /m) %-Hoot* -39.0 + 0.270T 
c * = 0.27 
C *  = 0.27 
P 
P 

Heat Capacity (tal/@ 'C) 

Heat Capacity at  700*C (1292°F) 

HEAT OF FUSIOB ( c a l / e )  

K (BTU/hr ft OF) 

VISCOSITY 

0 c (centipoises ) (Centistokes) 

800 5.0* 1.24 

- 
700 8.5" (Ref. 25) 2.05 

900 3*5* 0.89 

Exponential Form (centipoiaes) 

(lb. /f't-hr) ft2/hr 

0.0451 

OF 

1300 20*1* 0.0781 
1500 11.3" 

- 

*Denotes experimental values. Other values given are calculated or estimated. 
.&VIP.& 4mm 

J 
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m!B 
Component Mol $ W t .  $ Avg. M.W. Liquidus Temp. - Mixture 

34 Hal? 57 24 98 9508 5oooc (932OP) 
ZrFL 43 75 -02 

DENSITY 

SOLID AT ROOM TBWERATuRE (e;m/cc) 
LIQUID (p = @/cc, T = 'C) 

MEM VOLUMETRIC COEFJZCIEHT OF LI$UID EXPMSIOB (I/% x 10 ) 2,go 

3.86 
p = 3.65 - 0,00088~ 

LIQUID (p = lbs/ft3, T = OF) p = 228,8 - 0.0305T 
4 

EBJTBAISII, HEaT CAPACITY AID HEAT OF FUSIOB 

SOLID 
Enthalpy (cal/gm) $-Hoot* = 

c + =  

c = 0.20 
P 
P 

Heat Capacity (ca l /gm OC) 
Heat Capacity at  3W°C (572OF) 

Enthalpy (cal /m) %-Hoot* = 
e * =  Heat Capacity (cal/eJm OC) P 

Heat capacity at  700'~ (~92'~) E 0 ~ 2 8  
P 

HEAT OF FUSIOB (ca lJg4  5 - H s *  = 

TE5BMAL CODTETIVITII 

K (B!FU/hr f t  O F )  

VISCOSITY 

F (lb. /f t-hr) ft2/hr 0 C (Centipoises ) (Centistokes) - 0 - 
600 7.5 1100 18.9 
700 4.6 1300 10 -9 
800 3.2 1500 7.4 

Exponential Fom (centipolses) 

ELECTRICAL CONDUCCIIIVITY (~hm-cm)-~ O,g5 at  llOO°F, 1.41 at l3OO0F, 1.85 at  150OoF 
(Ref 13) 

*&notes experimental values. Other d u e s  given are calculated or estimated. 
.V&' 6 



- Bbl $ Wt. $ Avg. M.W. Liquidus Temp. Mixture Component 

35 NaJ? 57 54 22 44, l  360°C (W'F) 
BeF2 43 45.78 

DEI'?SITY 

2.35 SOLID AT ROOM TEMPERATURE (gm/cc) 
Ll?WID (p = gm/cc, T = OC) 

LIQUID (p = lb8/ft3, T = OF) 
p = 2.27 - 0,00037T 

p = 142.1 - 0.0128~ 
w n  v o ~ m m ~ c  commcmm OF L a m  E X P ~ S I O H  (i/oc x lo4) 1.84 

m, HEAT CAPACITY ARD HEAT OF FUSIOH 

SOLID - 
Enthalpy (cal/gm) E+-HOOc* = 

c * =  
P 
P 

Heat Capacity (cal/gm OC) 

Heat Capacity at 3 W o C  (572OF) c = 0.37 
LWJID 

& t b l P Y  (cal/m) %-Hoot* = 
Heat Capacity (cal/gm OC) C Y =  

P 
P c = 0.52 Heat Capacity a t  7OO0C ( l 2 9 2 O F )  

HEAT OF FUSION (cal/gm) %-€is" = 

!EBRMiL CO1\TDUCTIVI!PY 

K (BTU/hr ft O F )  2.4 (Liquid) (Ref. 26) 

VISCOSITY 

C (centipoises) (Cent istokes ) F (lb. /f t-hr) ft2/hr 0 - 0 - 
550 L8,O (Ref, 27) 8 ~ 0  LlOO 32 7" 0 * 2555 
600 12,845 6,27 1300 16,5* o 1315 
700 700* 3.43 w o  9,6* 0.0783 
80s 4.25* 2,16 

Exponential Form (centipoises) )Z = 0.034& 5164/T°K 

PRAMMZ m m  7.1 at  1100'F, 3&6 at  1300°F, 2.1 a t  1500°F 

*Denotes experimental values. Other values given are calculated or estfmated. 

P- -'a3 - 
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Mixture Component &l $ Ut.  $ Avg. M.W. Liquidus Temp. 

36 MaF 55 40.10 57.6 450°C (842'~) 
BeF2 40 32.64 

5 27.26 UFq 
DHSSITII 

SOLID AT ROOM TEpiIpERATuRE (ggl/cc) 2.86 
LIQUID (p = gra/cc, T = OC) 

MEAH VOLUMETRIC COEF'FICIEm OF LIQUID EXPAIBSIOH (1pC x 10 ) 2.08 

p = 2.76 - 0.00050~ 
LIQUID (p = 1bs/ft3, T = OF) p = 172.8 - 0.0173T 

4 

EEJTBAI*py, HEAT CAPACITY ABB €EAT OF FUSIOH 

SOLID - 
Enthalpy (cal/gm) %-EOoc* = 

C * '  

c = 0.30 
P 
P 

Heat Capacity (cal/gm OC) 
Heat Capacity a t  300°C (572OF) 

L I $ D  
Enthalpy ( c a l / d  fsr-HOoc* = 

c * =  

c =: 0.42 
P 
P 

Heat Capacity (cal/ggl OC) 
Heat Capacity at  70O0C (=%OF) 

HEAT OF FUSION (cal/gm) 

K (BTU/hr f t  OF) 

VISCOSITY 

F (lb. /ft-hr) ft2/hr 0 
C (Centipoises) (Cent istokes ) - 0 - 

600 11.2 1100 28.3 
5.6 1300 13.1 

800 3.2 1500 7.1 
700 

Eqonent ial Form (cent ipoises ) 

*Depotes experimental values. Other values given are calculated or estimated. 
;, b&p 3:: - 
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Mixture Component ra01 $ W t .  $ ~ v g .  M.W. Liquiaw Temp. 

37 NaF 50 u.80 178.05 715OC ( 1319'F) 
up4 50 88*20 

DEBS'pfp 

SOLID AT ROOM TEEdpERATuRe (gm/cc) 5.75 
LIQUID (p = &m/cc, T = OC) 

m VOLUME~IC COEFFICIE~ OF ~avn, EXFMSIOH (I/% x 10 ) 2.32 

p = 6.16 - 0.00123~ 
LIQUID (p = 1bs/ft3, T = OF) p =z 385.9 - 0.0426T 

4 

EKWUY, HEAT CAPACITY ABD HEAT OF FUSIOH 

SOLID - 
EntUlPY (cal/m) %-Eo~c* = 
Heat Capacity (cal/gm OC) c * =  
Heat Capacity at 300°C (572OF) c = 0.13 

P 
P 

L Q r n  
B t h a l P Y  (cal/gps) %-Hoot* = 
Heat Capacity (cal/gm OC) c * =  P 

P c =  Heat Capacity at 70O0C (l292OF) 

HEAT OF FUSIOR (cal/gm) E.pis* = 

!ElRWAL COHDUCTIVITY 

K (BTU/hr f t  OF) 

vIscosm 
c (Cent ipoises ) (Centistokes 1 0 - 

Ekponentlal Form (centipoises) 

F (lb. /ft-hr) ft2/hr 0 - 

*%notes experimental values. Other va lues  given are calculated or estimated. 

* * d w . g  - 
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Mixture Component Bbl $ W t .  $ Avg. M.W. Liquidua Temp. 

38 BaF 50 19 e 53 107.5 510'C (95OOF) 
48 74 63 
2 5.84 zrF4 

uF4 

DENSITY 

SOLID AT ROOM !BWERATIJRE (gm/cc) 4.04 
LIQUID (p = grn/cc, T = OC) 

LIQVn, (p = 1bs/ft3, T = OF) 
p = 3.83 - O.OOOglT 
p 240-1 - 0.0315T 

4 l4F.A.E VOLUMETRIC COEFFICIEEmt OF LIQvn> ~ ~ S I O ~  (1pC x 10 ) 2.84 

EIWKAWY, BEAT CAPACITY AlBD HEAT OF FUSIOH 

SOLID - 
Enthalpy (cal/gm) %-Eo~c* = 
Heat Capacity (cal/gm OC) c * r  

Heat Capacity a t  3WoC (572OF) 
P 
P 

= 0.19 

Lnm 
Enthalpy (cal/m) %-Hoot* = 

C + '  

c = 0.26 
P 
P 

Heat Capacity (tal/@ OC) 
Heat Capacity at  70O0C (=%OF) 

5%" = HEAT OF FUSIOH (cal/p) 

K (BTU/hr f t  OF) 

vIscosm 
0 C (Centipoises ) (~ent i s tokes)  F (lb. /ft-hr) ft2/hr 

600 8.5 1100 21.3 

0 - - 
700 5.4 1300 12.8 
800 307 1500 8*5 

Ekponent ial Form ( cent ipoises ) 

*Denotes experimental values. Other values given are calculated or estimated. 

& ,,*+ r r l  
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Mixture Component h l  $ Wt. $ Avg. M.W. Liquidus Temp. 

39 W F  65 23.69 115 2 61ooc (113OOF) 
ZrF4 15 21.80 
uF4 20 54.51 

DEI\TSITY 

SOLID AT ROOM !l%M?EMm (m/cc) 4.64 
LIQUID (p = gm/cc, T = OC) p = 4.55 - Oe00102T 

p = 285.2 - 0*0354T. LIQUID (p = lbs/ft 3 T = OF') 
~ A R  ~ ~ L ~ J ~ ~ I E T R I ~  C ~ ~ ~ C I E E Q T  OF LIQUID E X P ~ S I O H  (ipc x 16) 2.66 

EEIPPBALPY, HEAT W A C T I Y  AXD HEAT OF FUSIOB 

SOLID (goo - 610'~) - 
Enthalpy (cal/m) %-EoOc* = -2.9 + 0.172T (Ref. 4) 
Heat Capacity (eal/gm OC ) c * = 0.17 
Heat Capacity at 30O0C (572OF) c -IC = 0.17 

P 
P 

L a m  (653O - 924OC) 
hthalPY (call@> 
Heat Capacity (cal/gm OC) 

Heat Capacity at 70O0C (=%OF) 

%-H o * = 22.3 + o.igg~ O C  

P 

P 

c * = 0.20 
c * zo.20 

H E ~ T  OF FITSIO~ (call-) l$,-Hs* =42 

!BERMAL COIIWC!TIQITY 

IC (BTU/hr ft OF) 

vIscosm 
OF (lb. /ft-hr) ft2/hr (Centipoises )  enti ti stokes 1 - c 0 - 

Eqonential Form (centipolses) 

*Denotes experimental values. Other values given are calculated or estimated. - 
if* - 'f 
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Liqufdua Temp. Mixture Conrponent b l  $ W t .  $ Avg. M.W. 

40 R&F 53 20.83 106~8 5i2Ooc (968'~) 
ZrF4 43 67* 42 
uF4 4 11.75 

DEZSET 

SOLID AT ROOM TEMPERATURE: (ggt/cc) 4.09 
LIQUID (p = gm/cc, T = 'C) 
LIQUID (p = lbs/ft  3 , T = OF) 

p = 3-90 - O*OOOg;lT 
p = 244.5 - 0.0319T 

M3AH VOLUPIZETRIC COEFFICIEEJT OF LXQUD EX€!!SIOB ( 1 p C  x 10 4 ) 

SOLID (70° - 520Oc) 

2-83 

HEAT CAPACITY AlBD IBAT OF FUSIOB 

- 1  

Enthalpy (cal/gnn) I$-Hooc* = 0.0 + 0.182~ (Ref. 4) 
Heat Capacity (ca l /gm OC) * = 0.18 
Heat Capacity a t  30O0C (572'F) P += 0.18 

LIQUID (571O - 8 8 4 O c )  P - 
Enthalpy ( 4 m )  %-Hoot* = 19.4 + 0.2656~ 
Heat Capacity (cal/lpn OC) * = 0,266 
Heat Capacity a t  70O0C (1292OF) P * = 0.266 

P 

HEAT OF FUSIOH (cal/Cpn) 5-Hs* 63 
'EERMAL COIBDIICTIVITSr 

K (BTU/hr f t  OF) 

vIscosm 
C 0 -  enti ti poises ) (Centistohe 1 

600 8*3 
700 5.3 
800 3.65 

Exponential Form (centipoises) 

- OF (lb. /ft-hr) ft2/hr 

1100 20.8 

1500 8.4 
1300 E* 6 

*Denotes experimental valw8, Other values given are calculated or estimated. 
% I  ri*s.*&. - 
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Mixture Component Mol $ Wt. $ Avg. M.W. Liquiaw Temp. 

41 NaF 63 24 97 106.0 595OC (1103'F) 

35.57 
ZrF4 25 39.45 
uF4 12 

DEEISITY 

4.32 SOLID AT ROOM !l?EWEWTURE (@/cc) 
LIQUID (p - @/cc, 1 = OC) 
LIQTJID (p = lbs/ft  3 , T = OF') 
MEW VOLUMETRIC COEFFICIEIBT OF LI&an, EXEAkOSIOB (1pC x 10 ) 

p = 4.15 - 0.00096~ 
p = 260.1 - 0.0333T 

4 2.77 

E m ,  HEAT CAPACITY A D  IBAT OF FflsIOH 

SOLID - 
Enthalpy (cal /m) I$,-EOoc* = 

e * =  Heat Capacity (cal/gm OC) P 
Heat Capacity a t  30O0C (572OF) 

Heat Capacity (cal/gm OC) P 
Heat Capacity at  70O0C ( E p ° F )  

c = 0.17 
P 

LIQUID 
Enthalpy (cal/gm) BT-Eo~c* = 

e * =  
c = 0.24 
P 

HEAT OF FUSION (cal/gra) 5 - H S +  = 

THEXMAL COBDUCTIVITY 

K (BTU/b  ft OF) 

vIscosm 
F (lb. /ft-hr) ft2/hr 0 C (Centipoises ) (Centistokes) - 0 

_. 

Exponential Form (centipoises ) 

*Denotes experimental values. Other values given are calculated or estimated. 
+ - ? #  -Lr 
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Component M O ~  4 W t .  $ A v ~ .  M.W. Liquiaue Temp. Mlxture 

42 RaF 64.5 20.87 129.8 650°C (l202'F) 
ZrF4 6-0 7.73 
uF4 29.5 71.40 

EZBUPYj HEAT CAPACITFP A I D  H&AT OF FUSIOH 

SOLID - 
Enthalpy (cal/ga) %-Hoot* = 
Heat Capacity (cal/gm OC) C Y =  

P 
P 

Heat Capacity at 3WoC (572OF) c = 0.14 - Lam 
Enthalpy (cal lm) %-Hoot* a 
Heat Capacity (cal/gm OC) C * "  

Heat Capacity a t  70O0C (l292OF) c = 0.19 
P 
P 

%-HS* = HEAT OF FUSIOIII (cal/gra) 

THERM!& COIBDUCTIVJ2X 

K (BTU/hr ft OF) 

VISCOSITY 

C (Centipoiaes ) (Centfstokes) OF (lb./ft-hr) ft*/hr - 0 - 
700 100 25 1300 24.2 
800 7- 0 1500 16.1 
900 5.15 

monential  Fonn (centipolsea ) 

*Denotes experimental values. 
, **e*. 

Other values given are calculated or estimated. 

a 
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Mixture Component k l  5 Wt. 5 Avg. M.W. Liquiam Temp. 

43 &F 66.7 21.12 132.6 665OC (lZ29°F) 
33.3 78.88 uF4 

D E Z E E Y  

SOLID AT ROOM TEMPERATURE (@/cc) 5.17 
LIQUID (p = g~/cc, T = 'C) 
LIQUID (p = lbs/ft3, T = OF) 
MEMI VOLUNETRIC COEFJ?ICXE3T OF LlWID EXPUSION (1pC x 10 ) 

p* = 7-51 - O.OOl3T (Ref. 16) 
p* = 345.4 - 0.0451~ 

4 2.83 

EBTHUPY, HEAT CAPACITY AID HEAT OF FUSIOlB 

SOLID 
Enthalpy (cal/gm) %-Hoot* = 

C * '  
P 
P 

Heat Capacity (cal/gm 'C) 
Heat Capacity at 300'C (572OF) =: 0.15 

Enthalpy (cal/gm) $-Hoot* = 
e * =  
c = 0.21 
P 
P 

Heat Capacity (cal/@;m OC) 

Heat Capacity a t  7OO'C (l292OF) 

HEAT OF FUSION (cal/gui) 5 - H s "  

THEZWlL COEJDUCTIVITY 

K (BTU/hr ft OF) 

VISCOSITX 

F (lb./f't-hr) ft2/hr 0 
C (Centipoises ) ( Cent is tokes ) - 0 - 

700 10.25* (Ref e 28) 2-23 1 3 0  24.2* o b  0843 
800 7.O+ 1 0  57 1500 1 6 . ~  0.0580 
900 5 15% 1.19 

3927/TOK Exponential Form (centipoises) p = 0.181e 

*Denotes experimental values. Other d u e s  given are calculated o r  estimated. 

*" W*". # ir- 
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Mixture Component Mol $ Wt. $ Avg. M.W. LiqUid\za Tew. 

44 WaF 53.5 20.47 109.8 54OoC (lodr°F) 
ZrF4 40.0 6293 
uF4 6.5 18.60 

DEpJSI!!!Y 

SOLID AT ROOM TEMPERA- (@/CC) 4-19 
LIQUID (p = gia/cc, T = OC) 

LIQUID (p = lbe/f t  3 , T = OF') 

p* = 4.04 - 0.0011T (Ref.  16) 
p* = 253.4 - 0.0381~ 

vo~mmmIc c o m ~ c m m  OF L I Q ~  EXPAHSIOBT (ipc x lo4) 3-36 

l3lWNWY, HEAT CAPACITY AlpD €WLT OF FUSIOB 

- SOLID (260° - 4g0°c) 
0 +e = -4.1 + 0.189 (Ref. 4)  

Enthalpy (cal/gm) HT o c  
c * E 0.19 
* = 0.19 

P 
P 

-H 0 * = 34.5 + 0.2351' 

Heat Capacity (ail/@ OC) 
Heat Capacity a t  30O0C (572OF) 

LlQVn, (590O - 92O0C) 
Enthalpy (callesn) 5 o c  
Heat Capacity (cal/gm OC) c * 0.24 

:* = 0.24 
P Heat Capacity at 70O0C (=%OF) 

HEAT OF FUSION (cal/gru) 

TEERBXL COI4DUCTNm 

K (BTU/hr ft OF) 1.2 (Liquid) (Ref .  29) 

vIscosm 
F (lb. /ft-hr) ft2/hr 0 

C (~ent ipoieee)  (Cent is tokes ) - 0 - 
8.5" (Ref .  22) 2-71 1100 216 I* 0.0968 

oe 0648 600 
700 5.7* 
800 4.2* 1-33 

1.74 1300 13 7" 
1500 9.7" 0.0474 

850 3.7" 1- 14 
3302/@K 

Exponential Form (centipoises) p = O.lgke 

4.2 at  llOO°F, 2.7 at  13OO0F, 1.9 a t  1500'F PRAND!PL ImMBER 
ELECTRICAL CONDUCTIVITY (ohm-~m)-~ 0.66 a t  llOO°F, 0.97 at 13OO0F, 1.27 a t  15OO0F (Ref. 13) 

*Denotes experimental values. 
g**Y 

Other d u e s  given are calculated or estimated. 
dm 



45 NaF 
ZrFb 

53 
47 

22 . 07 
77. 93 

100. g 520°C (968'~) 

DEZVSITY 

SOLID AT ROOM TEMpERA'fpJRE (gm/cc) 4.11* (Ref. 22) 

LIQUID (p = e3p/cc1 T = OC) 

mm VOLUMETRIC COEFFICDE~ OF L I Q ~  mmsro~ (ipc x 1~4) 

p = 3.71 - 0.0008g~ 
LIQUID (p = lbS/ft 3 T = OF) p = 232.6 - Oe0309T 

2-89 

EBTHAUY, HEAT CAPACITY m T  OF FUSIOB 

SOLID - 
Enthalpy (cal/gm) l$-HOoc* = 

Heat Capacity (cal/gm 'C) c * =  
Heat Capacity a t  300'C (572OF) c = 0.20 

Heat Capacity (cal/gm OC) c * =  

P 
P 

L I Q m  

Enthalpy (cal/iP) %-Hoot* 
P 
P Heat Capacity at  7OO0C ( l 2 9 2 O F )  c = 0.27 

HEAT OF FUSIOH (cal/grn) 5-Hs" = 

K (BTU/hr f& OF) 

VISCOSITY 

- F (lb. /f t-hr) ft2/hr 

1.49 1300 1o.p 0.0567 

0 
C (Centipoise s ) (Centfstokes) 

. o  - 
7.5% (Refo 22) 2.36 1100 18, p 0.0952 

io 07 1500 7.4* O m  0398 

600 
700 4.6% 
800 3.2* 

Exponential Form (centipoisea) 

**notes experimental values. Other values given are calculated o r  estimated. 

,. ...a . ' - 
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Mixture Component Ea01 $ Wt. Avg. M.W. Liquidus Temp. 

C TEST HaF 6.7 33.47 83.7 68OoC (12560F) 
ZrF4 33-3 a. 53 

DEXSITP 

SOLID AT ROOM !EHPERATURE (gm/cc) 
LIQUID (p  = gm/cc, T = OC) 

LIQUID (p = lbs/ft3, T = OF) 
MEAX VOLUMETRIC COEFTICIEHT OF LIQUID  SIOB OB (ipc x lo4) 2.53 

3.70 
p = 3.49 - 0.00086~ 
p = 218.8 - 0.0298~ 

EFFPBAISII, HEAT CAPACITY AloD HEAT OF EWSIOEJ 

SOLID - 
Enthalpy (cal/gm) %-EOoc* = 

c * =  
P 
P 

Heat Capacity (cal/gm OC) 

Heat Capacity a t  30O0C (572OF) c = 0*21 
LIQUID 

Enthalpy (cal/a;m) %-Hoot* 
C * "  
P 
P 

Heat Capacity (tal/@ OC) 

Heat Capacity at  70O0C (l292OF) = a 2 9  

%-%* = HEAT OF FWSIOB (cal/gm) 

CONDUCTIVITY 

K (B!FU/hr f t  OF) 

vIscosm 
C (Centipoises ) (Cent istokes ) - F (lb. /ft-hr) ft2/hr 0 0 - 

Exponential Fom (cent ipoises ) 

*Denotes experimental values. Other values given are calculated or estimated. 

ICL ,%kW*,* 
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Mixture Component fa01 $ W t .  $ A v ~ ,  M.W. LiqUtdate 

46 NaF 62- 5 20.90 125.7 635OC (1175'F) 
ZrF4 12e 5 16.61 
uF4, 25.0 62.49 

DFBSEPY 

SOLID AT ROOM Ilgl6pFs2A'puRz (gm/cc) 

LIQUID (p = 1bs/ftf, T - OF) 
mm vo~mazm~c comrcxm OF ~ ~ z r m  ~ ~ S I ~ B I  (ipc x lo4) 

4. a6 
LIQUID (p = gm/cc, T * 'C) p* = 4.75 - 0.00l2T (Ref' 16) 

p* = 266.6 - 0.0416~ 
3-07 

SOLID - 
Enthalpy (cal/gm) %-Hoot* 

e * =  
le 
P 

Heat Capacity (cal/gm OC) 
Heat Capacity at 30O0C (572OF) c 0~15 

L a -  
h t h a l P Y  ( c a l / d  %-Hoot* w 

c + =  
c = 0.20 
P 
P 

Heat Capacity (cal/eJa OC) 
Heat Capacity at 70O0C (l292OF) 

IC (BW/hr P t  OF) 

vIscosm 
c (Centipoises) jcentfstokes ) 0 - 

Exponential Form ( cent ipolsee ) 

- OF (lb./ft-hr) ft2/hr 

*Denotes experimental values. Other values given are calculated or e s t h t e d .  

hftts .i -.I. 
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. I .  

Mixture Component Mbl f W t .  $ Avg. Y.W. LiqUidW IJeeHtP. 

47 NaF 35 16.75 410 1 335OC (635OF) 
LIF 20 59.13 
BeF2 45 24 12 

SOLID - 
Enthalpy (cal/(pn) I$-EOoc* = 
Heat Capacity (ca l /gm OC) c * =  

P 
P 

Heat Capacity at 3WoC (572OF) c = 0.40 
LIQUID 

&thalPY (cal/rn) %-EOoc* = 
Heat Capacity (cal/gm *C) c * =  

5-53" = 

P 
P c = 0.56 Heat Capacity at 7WoC ( l2poF) 

HEAT OF F'USIOl'? (cal/ga) 

'iBElW& C0BIDUCTIVI"FJI 

K (BTU/hr ft OF) 

vIscosm 

I F (lb./f't-hr) ft2/hr 0 
C (Centipoiees) (~entietokee) - 0 - 

Exponential Form (centlpoieee) 

*Denotes experimental values. Other values given are calculated or estimated. 
bs' 'i Au 

L 
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Mlxture Component Mol $ W t .  $ Avg. MOW. Liquidus Temp. 

48 NaF 50 12.: 00 175-1 733Oc (1351OF) 
50 a8.00 w4 

SOLID AT ROOM m T U R E  (e;lp/cc) 
LIQUID (p = gm/cc, T = OC) 

MUB VOLUMETRIC COEFFICIE~ OF ~lcglm, EXRUSIOB (ipc x lo4) 

5.73 
p = 6.13 - 0 ~ 0 0 1 2 3 ~  

LIQUID (p = 1bs/ft3, T = OF') p = 384.0 - 0.0426~ 
2-32 

SOLID - 
FnthalPY (cal/€P) %-Hoot* = 
Heat Capacity (cal/gm 'C) e * =  

P 
P 

Heat Capacity at 30O0C (572OF) c 0.14 

Enthalpy (cal/g;m) %-Hoot* = 
Heat Capacity ( c a l / p  OC) e * =  

P 
P 

%-Es" = 

c =  Heat Capacity at 70O0C (=%OF) 

HEAT OF FUSIOH (cal/gm) 

THERMAL COYJJXJCTIVJXX 

K (BTU/hr ft OF) 

VISCOSITY 

c (Centipoiees) (Centietokes) 0 - 

Exponential Form (cent ipoisea ) 

F (lb. /ft-hr) ft2/hr 0 - 

*Denotes experimental values. Other values given are calculated or estimated. 

s a 3 2  : - 
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Mixture Coraponent lrbl $ W t .  $ Avg. Mew. Liquidw Temp. 

49 BaF 40 13 85 121.0 !jlO°C (950'F) 
ZrF4 57 78.85 
uF3 7.30 3 

DEXSITII 
SOLD AT ROOM (@/cc) 4.24 

LIQUID (p = @/cc, T = OC) 

LIQUID (p = 1bs/ft3, T = OF) 
p = 4.06 - 0.00OghT 
p = 254.5 - 0.0326~ 

MEAEJ voLuMETR1c com~cmm OF s~&rm, ~ ~ S I O H  (ipc x 16)  2.76 

EXEULET, HEAT CAPACITY ABD HEAT OF FUSIOX 

SOLID 
Enthalpy ( c a l / s )  I$-HOoc* = 

C + "  Heat capacity (cal/gm OC) P 
Heat Capacity at 30O0C (572OF) 

H e a t  Capacity (tal/@ OC) P 
Heat Capacity at 700'C (l292OF) 

= 0.18 
P 

L J Q m  
- t u l P Y  (call€@) %-Hoot* = 

c * =  
= 0.25 

P 

HEAT OF ~ I O H  (cal/grm) %-I%* = 

K (BTU/hr ft OF) 

$ vIscosm 
- OC (Centipoisee) jcentistokes ) 

Exponential Born (centipoises) 

(lb./f%-hr) ft2/hr F 0 - 

*Denotes experimental values. Other values given are calculated or estimated. - f.*< 6: 



-62- 
- -  

Mixture Component b l  $ W t .  $ Avg. MOW. Liquid- Temp. 
70 

DE3'fSlTY 

SOLID AT ROOM TEEapERAfmT#e (gm/cc) 4.10 
LIQUID (p = ~ B / C C ,  T = 'C) p = 3.90 - 0 . 0 0 O ~ T  

LIQUID (p = lbs/ft3, T = OF) p = 244.5 - 0.0319T 
MEW VOLUMETRIC COEEFICIE~ OF L R ~  EXF?AESIQH (ipc x 104) 2.83 

HEAT CAPACEE AHB BEAT OF FWIOI 

- SOLID (137O - 503OC) 
Enthalpy (cal/& 
Heat Capacity (cal/gm OC) 

%-Hoot* = 1.3 + 0.1596T + 5.15 x lo-%? 

c * = 0.1596 + 10.29 x (Ref. 4 )  
c * = 0.190 

P 
Heat Capacity at 30O0C (572OF) 

LIQUID (567O - 892OC) P 

€$-E o * E: 6.2 + 0.3033T - 3.24 x 10 -5 T 2 
E n t h l P Y  (cal/&d o c  
Heat Capacity (cal/gni 'C) c * = 0.3033 - 6,47 x lom5, 

P 
P Heat Capacity at 70O0C (1292°F) * = 0,258 

HEAT OF FUSIOB (cal/gm) %-Es* = 57 

K (BTtT/hr f t  OF) 

VISCOSITY 

F (lb. /ft-hr) ft2/hr 0 - C (~entipoises)  (~entistokes) 
0 - 

2. 42 1100 20.3" 0.0949 
1300 p. 3" 0, 0606 
1500 8.2+ 0.0418 

600 8.1* (~e f .30 )  
700 5.2% 1.60 
800 3.6* 1.14 

Exponential Form (centipoises) p = 0.104e 3798/TQsC 

*Denotes experimental values. Other values given are calculated or estfinated. 

,&$&A. .:. L 

.. 
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Mixture Component lrbl $ W t .  $ Avg. M.W. LiqUidW Tern. 

71 I%F 54.1 22.84 9% 5 520°c (968'~) 
ZrF4 4599 77-16 

DENSITY 

SOLID AT ROOM TEMPERATURE: (gm/cc) 

LIQUID (p = lb8/ft 3 T = OF) 
raw VOLUMETRIC comrcmm OF L I Q ~  m~~srolrc (ipc x lo4) 

3.91 
LIQUID (p = &ta/cc, T = OC) p = 3-70 - 0.0008gT 

p = 232.0 - 0.0309~ 

2.87 

SOLID - 
Enthalpy (cal/e;m) S-EOoc* = 
Heat Capacity (cal/&ta OC) c * =  

Heat Capacity at 3WoC (572'F) c = 0.20 

Heat Capacity (tal/@ OC) e * =  

P 
P 

LIQUJLD 
& t h l P Y  (cal/e3n> %-Hoot* = 

P 
P 

Heat Capacity at 7WoC (=%OF) c = 0.28 

HEAT OF FUSIOH (ail/@) 5 - H s *  = 

!BBRWiL CO?IDUCTIVI!CY 

K (BTU/hr f t  OF) 

VISCOSITY 

F (lb. /f't-hr) ft2/hr 0 
c (Centipoises ) JCentistokes 1 - 

700 4.6 1300 1G. 9 
800 3-2 1500 7.4 

0 - 
600 7.5 1100 18.9 ! 

Exponential Form (cent ipoiaes ) 

*Denotes experimental values. Other values given are calculated or estimated. 
*; 
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Mixture Component - Mol 5 Wt. 5 Avg. M.W. Liquidue Temp. 

72 HaF 20. g 9. 33 94.1 4g0°C (91koF) 
L i F  38.4 io. 58 
ZrF4 35.7 63.41 

5.0 16.68 uF4 

SOLID AT ROOM TEMPERATURE (gm/cc) 4.04 
LIQUID (p = gm/cct T = OC) 

LIQUID (p = ~ b ~ / &  T = OF) 
p = 3.83 - 0.OOOglT 
p = 240.1 - 0.0315T 

4 MEAH VOLTR@3TRIC COEFFICIEHT OF LaUID EXPAlISIOsl (1/% x 10 ) 2-84 

SOLID 

Enthalpy (cal/gm) %-HOOc* = 
H e a t  Capacity (cal/gm OC) e * =  
Heat Capacity a t  300°C (572OF) c = 0.20 

H e a t  Capacity (cal/gm OC) c * =  

P 
P 

LIQUID 
Enthalpy (ca1lm-l) I$,-HOoc* = 

P 
P 

H e a t  Capacity at  700°C (l292OF) = 0.28 

HEAT OF FUSIOEJ (cal/ga) %-HE* = 

THERMAL CO1BDUCTIVITJ5 

K (BTU/hr ft OF) 

VISCOSITY 

C (Cent ipoises ) (Cent is tokes ) OF (lb./f't-hr) ft2/hr 

600 9 .P  3.0 1300 14 3" 0.0714 

800 4.25" 1.36 

- 0 - 
500 20.W (Ref'. 31) 5.88 1100 24.&n 0- 1198 

700 6, o* 1.88 1500 9.8" 0.0505 

Exponential Form (cent ipoises ) 

*Denotes experimental values. Other values given are calculated or  estinrated. 

1 



-65 - 
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Mixture Component MOI $ Wt. A v ~ .  M.W. LiqUidW T e 8 p ~ o  

73 lkF 22.0 11.21 82.4 51OoC ( B O O F )  
L iF  40.5 12-75 
ZrFk 37. 5 76.04 

, 

DEISSITP 

SOLID AT ROOM TEMPEXATURE (gm/cc) 

MEAB VOLUMETRIC COEFFICIENT OF L ~ U I D  ~ ~ S I O B J  (i/oc x lo4) 

3.74 
p = 3.52 - o.ooo86r Ll?4UID (p = gm/cc, T = OC) 

LIQUID (p = lbe/Pt 3 , p = 220.7 - 0.0298~ 91 = OF) 
2-95 

SOLID - 
Wt-lPY (cal/epn) S-HOoc* sa 

c * -  

c - 0.22 
P 
P 

Heat Capacity (cal/gm OC) 
Heat Capacity a t  3OO0C (572OF) 

LI&rm, 
=t-lPs (cal/epn> %-Hoot* 

C * '  P 
P 

Heat Capacity (cal/@u 'C) 
Heat Capacity at 70O0C (=%OF) 0.31 

€EAT OF FWSIOB (Csl/epsa) 

K (BTU/hr ft OF) 

V I S C O S r n  

0 C (CelSbipOi6e8) (Cent iB to& s ) OF (lb. /f't-hr) ft2/hr - - 
1100 23.7 I 500 19.0 

600 9*4 
5.7 
4.05 

700 
800 

Exponential Form (centipolsee) 

*Denotes eqerimental values. Other value8 given are calculated or estimated. 
*,Wf 'Ip 



Mixture Component Mol $ Wt. $ Avg. M.W. Liquidus Temp. 
74 LiF 69 55 13 32.4 505OC (941'F) 

BeF2 31 44.87 

DENSITY 

SOLD AT ROOM T E M P E X 3 A ~  (gm/cc) 
LIQvn> (p = p/cc,  T = OC) 

MEAN VOLUMETRI~ COEFIFXCIEE~" OF LXQW EXPARSIOE (i/oc x lo4) 

2.14 
p* = 2.16 - 0.00040T (Ref. 3 )  

LIQUID (p  = lbs/ft3, Ef = OF) p* = 135.3 - 0.0139 
2.13 

SOLID - 
Enthalpy (cal/gm) %-Hoot* = 

c * -  
c P 0.48 
P 
P 

Heat Capacity (cal/gm 'C) 
Heat Capacity a t  3OO0C (572OF) 

Enthalpy (cal/gm) €+EOoc* - 
c * -  Heat Capacity ( c a l l s  OC) 
c = 0.67 Heat Capacity at  7OO0C ( l 2 9 O F )  

LJ-WD 

P 
P 

HEAT OF FUSION (call-) %-Es* 1 

TEERMAL COmlUCTIVfTY 

K (BTU/hr ft OF) 

vIscosm 
OF C (Centipo*aas) (Csntistokes) - 

600 7*5** -3 90 1100 
700 &OF* 2.60 1300 
800 3.45** 1.89 1500 

0 - 

3 624/T°K Exponential Form (centipolses ) p = 0.118e 

18.P* 
11.6* * 
8.0** 

ft2/hr 

0.1577 
0 0994 
0.0700 

*Denotes experimental values. 
jWWe*ge values, Refs. 3 and 27. 

Other values given are calculated o r  estimated. - 



Mixture Component; bl $ Ut. $ Avg. M.W. Liquid- 

75 LiF  67.0 43-92 39.5 464% (867'~) 
3eF2 30- 5 36.24 

2.5 19.84 uF4 

DE3SZTY 

SOLID AT ROOM TElrlpERAfmlRE (gm/cc) 
LEETID (p = gm/cc, T I: OC) 

mm VOLUMETRIC ~ ~ E F F ~ ~ I E B J T  OF ~IQUID ~ A H S I O H  ( ~ P C  x lo4) 

2.48 
p = 2.38 - 0.0004m 
p = 149.0 - 0.0139~ 3 LIQUID (p = lbs/ft , T = OF) 

1-90 

EHTEALPY, HEAT CAPACITY AZOD BEAT OF FUSIOH 

SOLID - 
Enthalpy (cal/(gn) %-Hoot* 

c * -  
c rn 0.41 P 
P 

Heat Capacity (cal /gm OC) 

Heat Capacity a t  300°C (572OF) 

LIQUID 
Enthalpy (callasn) BT-Eo~c* 

c * =  P 
P 

Heat Capacity (cal/epn OC) 
Heat Capacity at 700% ( U P O F )  c = 0.57 

HEAT OF FWSIOH (cal/gm) %-Hs* 1 

'FHEZWL COBJDM=TIVI!f!Y 

K (BTU/hr f t  OF) 

V I s C O S r n  

_. 0 C (~entipoiees) (Centietokes) 
600 8.4 
700 5.5 
800 3-85 

Exponential Form (centipoieea) 

OF (lb. /ft-hr) ft2/hr - 
1100 21.1 
1300 13.1 
1500 9.0 

*Denotes experimental valws. 
.2#*&. 

Other values given are calculated or eetbated. - 
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Mixture Component Mol $ Ut. $ Avg. M.W. LiqUidW Tern. 

76 BlaF 55.5 45.80 50 .9 kK>OC (752OF) 
BeF2 42.0 %e78 
"4 2.5 15.42 

HEAT CAPACITY ABD m T  OF F(TSI0H 

SOLID - 
Enthalpy (cal/gna) %-Eo~c* = 

"P" = 
Heat  Capacity (cal/gm 'C) 

Heat Capacity a t  300'C (572OF) c = 0.33 

Heat Capacity (tal/@ OC) c * r r  

5%" = 

P 
Lam 

Enthalpy (cal/m) €$-Hoot* = 

P 
P Heat Capacity a t  700'C (EW'F) c = 0.46 

HEAT OF FUSIObT (cal/gm) 

lEERl4U COHDUCTIVITY 

K (BW/hr f t  OF) 

vIscosm 
F (I ./ft-hr) 0 

(Centistobe) - C ( ~ e n t ~ p o i s e s  ) 0 - 
600 
700 
800 

1 0 ~ 5  
6.0 
3.75 

Exponential Fom (cent ipoises ) 

1100 26,6 
1300 14.2 
1500 a. 6 . 

*Denotes experimental values. Other values given are calculated or  estimated. 

1 -.*, * ' 



. 

Q 
-69- 

Mixture Component 2rbl $ Wt. $ Avg. M.W. LiqUidW Tern. 

77 EbF 70 679 59 43.5 59OoC (1094OF) 
BeF2 30 32.41 

DEIfSITP 

SOLID AT ROOM TEkPERAlXEE (@/cc) 
LIQrtn, (p = &ia/cc, T = OC) 
L I Q ~  (p = 1bs/ft3, T = OF) 

IGAI? VOLUMETRIC COEFFICIEHT OF LIQWID EXPAHSIOlrl (1pC x 10 ) 2.43 

2,46 
p* = 2.41 - 0,00050T (Ref ,  3 )  

4 
p* = 151.0 - 0.0173T 

EECHUZY, HEAT CAPACITY ABD HEAT OF FUSIOEi 

SOLID - 
Enthalpy (cal/*) BT-Ho~c* = 
H e a t  Capacity (cal/gm OC) c * =  

P 
P 

Heat Camcity at  300°C (572OF) c = 0 ~ 3 6  
LIQUID 

& t b l P Y  (-/@4 %-Hoot* = 
H e a t  Capacity (cal/gm OC) C * "  

P 
P 

c = 0.50 Heat Capacity a t  70O0C (=%OF) 

HEAT OF FUSIOH (cal/gm) %-Es* = 

'EJERML CORDUCTIVI!FX 

K (BT[T/hr f t  OF) 

v1scosm 
F (lb. /ft-hr) ft2/hr 0 

C (Centipoises ) (Centistokes 1 - 0 - 
600 $.O* (Ref, 3 )  2.37 

800 2.8* 1.39 
700 3.9" 10 77 

1100 12-5" 0 0944 

1500 6.5* 0,0519 
1300 8.6* 0 *0669 

2716/T°K Exponential Fom (centipoises) = O.223e 

*Denotes experimental values. Other values given are calculated or eetiaated. 
- -Fly; - 
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Mixture Component b l  $ Wt. $ Avg. M.W. Liquidus Temp. 

78 M a F  56 57.60 40.8 478OC (892'~) 
LiF 16 10.17 
BeF2 28 32 23 

DEMSllfy 

SOLID AT ROOM TEMPERATURE (gm/cc) 2.42 
LIQUID (p = gm/cc, T = OC) 

MEAX VOLUMETRIC com~cmm OF LIQUID EXF~SIORT (ipc x lo4) 2.11 

p* = 2.22 - 0.0004lT (Ref. 3) 
LIQUID (p = lbs/ft 3 T = OF) p* = 139.0 - 0.0142T 

ESTHAISY, HEAT CAPACITY AHD HEAT OF FUSIOH 

SOLID - 
Enthalpy (cal/#P) I$,-HOoc* 
Heat Capacity (cal/gm OC) c * =  

P 
P Heat Capacity at 30O0C ($=OF) c = 0.38 

LIQrm> 
Enthalpy (cal/gm) %-EOoc* = 
Heat Capacity (cal/gm OC) c * c -  

P 
P Heat Capacity at 7W0C (1292OF) c = 0.53 

%-53" = HEAT OF FUSIOH (cal/gm) 

!lXEZWL CONDUCTIVITY 

K (B!FU/hr ft OF) 

VISCOSITY 

F (lb. /ft-hr) ft2/hr 0 
C (Cent ipoises ) (Centistokes) - 0 - 

600 6,0** 3.03 1100 15 .o** 0.1213 
700 4,0* 2.07 ~300 9 * 5** 0.0788 

2 e 85** ~ 5 0  1500 6,6** 0.0559 800 

3486/~*~ Exponential Form (centipoises) p = O.llle 

*Denotes experimental values. Other values given are calculated or estimated. 

**A&d& values, Refs. 3 and 32. - 
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Mixture Component M o l  $ W t .  $ Avg. M.W. LlqUidtla T e ~ a p .  

Ea3 55.0 48,36 47.8 470'C (878%) 
EiF 
BeF* 27.5 27 07 

15.0 8.14 

2.5 16.43 

DEHSITP 

79 

m4 

SOLID AT ROOM TENPERA!WRZ (gm/cc) 2*70 
LIQUID (p = &m/cc, T = OC) 
LIQUID (p = lbs/ft3, T = OF') 

p = 2.60 - 0.00045T 
p = 162.8 - 0,0156T 

4 MEM VOLUMETRIC COEF'FICJX" OF LI$uID J3XPAHSIOH (1pC x 10 ) 1-98 

EHTHAWY, HEAT CAPACITY Al!D HEAT OF FUSIOH 

SOLID - 
Enthalpy (cal/gm) %-EOoc* = 

c * r  

c = Oe33 
P 
P 

Heat Capacity (cal/gm OC) 

Heat Capacity a t  30O0C (772OF) 

LIQUID 
&thalPY (cal/e;rri> E$-EOoc* = 

e + =  

c = 0.47 
P 
P 

Heat Capacity (cal/(gm 'C) 
Heat Capacity a t  70O0C (l292OF) 

HEAT OF FUSIOH (cal/gm) %-HS" = 

!lYXRWG COIJDUCTIVm 

K (BTU/hr ft OF) 

vIscosm 
F (lb./ft-hr) ft*/hr 0 

C (~ent ipoises )  (~ent i s tokes)  - 0 - 
600 6,6 1100 16,~ 

800 3-15 1500 7.3 
700 4,4 1300 1005 

Ekponential Form (centipoises) 

*Denotes experimental values. Other d u e s  given are calculated or estimated. - 8 7 j& ' . .  



Mixture Component - hl $ w t .  4 Avg. M.W. Liquidw Temp. 

80 RaF 5 1  43.12 49,7 605OC ( l l 2 1 O F )  
L iF  38 19.85 
ZrF4 11 37*02 

DEaSrrY 

SOLID AT ROOM !EZWER4= (gm/cc) 

LIQUID (p = lbe/ft 3 T = OF') 

3.08 
LIQUID (p = gm/cct T = *C) p = 2.95 - 0*00077T 

p = 185.0 - 0 .0267~  
 MEA^ VOLUMETRIC COEFFICIEBT OF LIQUID EZ~PA~~~SIOB (I/% x io 4 ) 3.21 

ERITBAISY, HEAT CAPACITP: AllD EEAT OF FUSIOH 

SOLID - 
Enthalpy (cal/gm) %-EoOc* = 
Heat Capacity (cal/gm OC) C Y =  

P 
P Heat Capacity at 300°C (572'F) c = 0.27 

LIQUJZ, 

Enthalpy (cal/e;nr> %-EOoc* = 
Heat Capacity (cal/gm 'C) c * =  P 

P Heat Capacity a t  700°C (l.2FoF) c = 0 ~ 3 8  

HEAT OF mxon (cal/gm) 

K (BTU/hr ft OF) 

VISCOSITY 

C (~entipoieee) (~entfstokee) 
0 - F (lb. /ft-hr) ft2/hr 0 - 

Exponential Form (cent ipoisea ) 

Wenotes experimental values. Other values given are calculated or estimatedb - =*.: 



Mixture Component - Mol 5 Wt. $ Avg. M.W. Liquidue Temp. 

81 WaF 22 14.91 62.0 57OoC (1058%) 
L i F  55 23 e 03 
ZrF4 23 62.06 

DEI9S'PM 

SOLID AT ROOM TENPEWTIDE (gm/cc) 3.41 

LI&UID (p = &m/cc, T = OC) 
LIQUID (p = 1b*/ft3, T - OF) 
MEAH VOLuMEaRIC COEFFICIEBPT OF LlWID EXF?AHSIOH ( 1 p G  x 10 ) 

p = 3.22 - 0~00081~ 
p = 20.~9 - 0.0281~ 

4 3*06 

EIBTBALPY, HEAT CAPACITY AJXD HEAT OF FUSIOH 

- SOLID ( a06~-368Oc) 
%-Hoot* = -1.5 + 0,239211 + 7.20 x 10 -5 T 2 -tblPY (cal/g;m) 

Heat Capacity (cal/gm OC) c * = 0,2392 + 14,39 x (Ref. 33) 
Heat Capacity at 30O0C (572'F) C* = 0,282 

P 
P 

-5 2 
L I Q m  ( 603Q-8970c) 

EnthalPY ( 4 P )  %-Hoot* = -13.0 + 0,4526T - 5.95 x 10 T 
Heat Capacity (cal/gm OC) 
Heat Capacity at 7WoC (l292OF) 

c * = 0,4526 - 11.89 x P 
P c * =  00369 

HEAT OF FUSIOR (call@) %-Hs* = 

TZFERMAL CONDUCTIVITY 

K (BTU/hr ft OF) 

v1sc0sm 
C (Centipoises) (Centistokes) - F (lb./ft-hr) ft2/hr 

600 12.0* (Ref. 34) 4.4 n o 0  30 0 3" 0 e 1771 

0 0 - 
700 Too* 2.64 1300 16.5* 0 0 0997 
800 4.45" 1073 1500 10*a 0,0638 
900 3*05* 1.22 

4647/T°K Exponential Form (centipoises) p = 0.0585e 

*Denotes experhenlxkl valws. Other values given are calculated or estimatedb - .*y* f -.. % 



%ixture Component - M o l  $3 wt.  $3 Avg. M.W. L i c p i a u  Temp. 

82 IdaF 20 11.93 70.3 545OC (1013OF) 
LiF 55 20 ., 30 
ZrF4 21 49 092 
uF4 4 17.85 

DEaSITY 

3.70 SOLID AT ROOH TEMpHiATURE (gra/cc) 
LI&rm> (p = gn/cc, T = 'C) 

LIQvn> (p = lb8/ft3, T = OF) 
p = 3.49 - 0.00085~ 
p = 218.8 - 0.0295~ 

4 MEAH VOLUMETRIC COEFFICIERT OF LIQUID MPARSIOEI (1pG x 10 ) 2.93 

E2W&UPYJ HEAT CAPACITY ABD BEAT OF FUSIOEI 

- SOLID (98' - 363'C) 
Enthalpy (cal/gm) %-EOoc* = -3.7 + 0.2304T + 4.07 x 10 -5 T 2 
H e a t  Capacity (cal/gm OC) 

Heat Capacity a t  300°C (572OF) c * = 0.255 
c * = 0.2304 + 8.14 x lO'5T ( R e f .  4) 
P 
P 

LIQUID ( 582'-90O0C) 
-H 0 * = -20.1 + 0,4314T - 7-42 x 10 -5 T 2 Is, o c  Enthalpy (cal/gm) 

Heat Capacity a t  700°C (l292'F) c *  = 0 * 327 
Heat Capacity (cal/gm OC) c * = 0.4314 - 14.85 x lom5, 

P 
P 

%-Hs" = HEAT OF FUSIOH (cal/gm) 

THERMAL COBDUCTIVITY 

K (BTU/hr ft OF) 

vIscosm 
(lb. /f t-hr) ft*/hr F 0 - C (Centipoises) (Centistokes) 0 - 

&OO E,O* ( R e f .  34) 4.03 1100 30.3" 0.1626 
700 7.0* 
800 4.45" ~ 6 1  1500 1Q.S 0 0586 

2.42 1300 16.5" ooog3-5 

Exponential Form (centipoises) p = 0.0585e 4647/TQK . 

*Denotes experimental values. Other values given are calculated o r  estimated. 

1 



-75- 
: 't 

Mixture Component M O ~  $ 

DEZfSlTY 

SOLID AT ROOM m T U R J 2  (gm/cc) 3.40 
LIQUID (p - gm/cc, I? = OC) 

W VOLupIEllRIC COEFFICIElBT OF LIQUID J2XMXSIOBI (1pC x 10 ) 3.06 

p = 3.22 - 0,00081~ 
p = 201.9 - 0.0281~ LIQUID (p = lbS/ft 3 , T = OF) 

t 

e, HEAT CAPAC3cpII A D  EE4T OF Ip[JsIOzC 

SOLID - 
Enthalpy (cal/lpn) 
b a t  capscity (crl/gm OC) 
Heat Capacity at 30O0C (572OF) 

LIQUID 
Enthalpy (-l/d 
H e a t  Capacity (cal/gnr 'C) 
Heat Capacity at 70O0C (12g2°F) 

HEAT OF FUSION (Cal/m) 

K (BTU/hr it OF) 

I$,-Eo~c* = 
cp* - 
c = 023 
P 

€+-EOoc+ 
c * =  R 
P 
c -  

HL-%* = 

Exponential Form (centipoieee ) 

*Denote8 exgerlmental valuee. Other values given &re calculeted or estimated. 
.. 



-76- 
, "r' 1' 

Mixture Component lbl $ W t .  $ Avg. M.W. Liquidua Temp. 

84 M a F  27 29.62 3883 3 3 8 O C  (GOOF) 
LiF 35 23 72 
BF2 38 46.66 

SOLID AT ROOM TEMPERATURZ (gm/cc) 2,25 
LIQUID (p = gm/cc, T = OC) p* = 2.22 - 0.0004lT ( R e f .  35) 
LIQUID (p = lbs/ft3, T = OF) 
PiEAa VOLUMETRIC COEFFICIEEBT OF LIQUID QcPAlpSIOLB (1pC x lo4) 2.09 

p* = 139.0 - 0.0142T 

SOLID - 
Enthalpy (cal/gm) I$-lIooc* = 
Heat Capacity (cal/gm OC) c * =  P 

P Heat Capacity a t  3W°C (572OF) c = 0,42 
LIQUID 

(-l/apn) %-Hoot* 
Heat Capacity (cal/gm OC) c * *  P 

P 

I$,-Hs* 3 

c = 0.59 Heat Capacity a t  700°C (l292OF) 

HEAT OF FUSIOEl (CEl/m) 

!LTERhU COEIDIICTIVIfrm 

K (BTU/hr f t  OF) 

vIscosI!f!Y 
0 C (Centipoiees) (Centistokes ) OF (lb. /ft-hr) ft2/hr 

600 7.8* (Ref. 35) 3091 xi00 19.8" 0.1586 
- - 

700 4 e 45" 2.27 1300 10.5" 0.0858 
800 2,8* 1.48 1500 6.3" 0.0530 

Exponential Form (centipoiees) p = 0.0338e 4738/TOK 

*Denotes experimental verluea. Other values given are calculated or estimated* 

4 'rg' 
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Mixture Component M o l  $ Wt. $ Avg. MOW. Liquiaw %lap. 

85 NaF 26.5 24 62 45.2 36OoC (680'F) 
LfF 34.0 19 9 52 
BeF2 37.0 38.50 
m 4  2.5 17 36 

DEplSITp 

SOLID AT ROOM TMPERATURE (gm/cc) 

m m  v o ~ m m m ~ c  c o m ~ c ~ ~ m  OF LRW ~ ~ S I O H  ( i p c  x lo4) 

2.54 
LI$zIID (p = @/cc, T = OC) p* = 2.33 - 0.00018~ (Ref. 35) 
LIQUID (p = 1bs/ft3, ET = OF) Q* = 145.7 - O.OO624T 

EXtWLPY, HeAT CAPACITY AloD HEAT OF FUSIOH 

SOLID - 
azthalpy (cal/gm) €$-Ii()oc* = 

c * =  
c 0-37 
P 
P 

Heat Capacity (cal/gm "C) 
Heat Capacity at 3 O o C  (572OF) 

L I Q m  
b t h a l P Y  (cal/ien> €+-Hoot* = 

c * =  
P 
P 

Heat Capacity (cal/ga OC) 

Heat Capacity at  70O0C (l292OF) c = 0 ~ 5 1  

EJIAT OF FUSION (Wl/@) 5%" = 
THERplAL CORDWTIVITY 

K (B!PU/hr f t  OF) 

VISCOSITX 

0 C (Centipoieels) (Centistofres) OF (lb. /ft-hr) ft2/hr 

11.7" 0 e 0848 

- - 
600 9,0* (Ref, 35) 4.04 1100 22.7" 0,1633. 
700 4095" 2.24 1300 
800 3 05* 1-43. 1500 6.9" 0 * 0506 

509 4 /T°K Ekponential Fom (centipolses) p = 0.0261e 

*Denotes experimental values. Other valma given are calculated or estimated. 

4Q.cI 



Mixture Component Wl $ Wt. $ A v ~ .  M.W. Liquidue Temp. 
86 LiF 35 10 a 87 83*6 445OC (833%) 

- 
NaF 32 16.08 

ag 58.02 
4 15.03 -F4 

w4 
DERS1Ty 

3.87 SOLID AT ROOM TEHPERATURE (gm/cc) 

LIQUID (p = gm/cc, T = OC) p = 3.66 - 0,00088T 
LIQUID (p = 1bs/ft3, T = OF) 
MEWl VOLUMETRIC COEF'FICIEHT OF LIQUID EXPAaSIOEl (1pC x lo4) 

63 = 22g.4 - 0,0305~ 
2.89 

HEAT CAPACITY AlBD IBAT OF FUSIOH 

SOLID - 
EnthlPY (cal/gm) %-Hoot* = 
Heat Capacity (cal/gm OC) c * =  
Heat Capacity a t  300°C (572OF) c = 0.21 

Heat Capacity (cal/gin OC) c * =  
Heat Capacity a t  70OoC (=%OF) c = 0.29 

P 
P 

Enthalpy ( 4 P )  %-Hoot* = 

P 
P 

%-Hs" = HEAT OF FUSIOH (call-) 

K (BTU/hr f t  OF) 

VISCOSITY 

F (lb. /f t-hr) ft2/hr 0 
 enti ti stokes ) - C (Centipoise8 ) 

$00 20e5* (Ref. 36) 
600 10 e 5" 3.35 1300 a5 * 4* 0 e 0811 

1500 PO e 5" 0,0572 7QQ 6045" 2 * u  
800 4.55" 1.54 

0 - 
60 39 1100 26,6* 0 1357 

Exponential Fom (cent ipoises ) 

c 

*Denotes experimental values. 
'h 'a&. . 

Other values given are calculated o r  estimated. 
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ZrF4 
uF4 

Mixture Component +Wl $ Wt. $ Avg. M.W. Liquidus Temp. 

RbF 48 35 e 0 8  143.0 425OC (797OF) 
56.13 

4 8.79 
48 

87 

DEHSITfll 

SOLID AT ROOM T B W E R A m  (@/cc) 4.19 
LIQUID (p = gm/cc, T = OC) p = 4.00 - 0+00093T 
LIQUID (p = 1b~/tt3, T = OF) 
mA.H VOLUMETRIC COEF'FICIEEIT OF LIQUID EXPAlfSIOB ( 1 p C  x 10 ) 2.78 

p = 250.7 - 0.0322~ 
4 

EPIRIIAISY, HEAT CAPACI!f!Y ABD HEAT OF FUSIOB 

SOLID (142O-398Oc) - 5T2 
- 5 - H  0 * = -3.2 + 0,1490T + 3.2 X 10 o c  Enthalpy (cal/gm) 

Heat Capacity (cal/gm OC) en* = 0,1490 + 6.5 x ( R e f .  37) 
c- *= 0.169 Heat Capacity at  300'C (572'F) 

EntblPY (cel/m) % o c  

P 
L S ~  (458O-880~~) 

-5 2 
- 

-H 0 * = -9.8 + O.2844T - 5.4 x 10 T 
Heat Capacity (cal/grrr OC) cn* = 0.2844 - 10.8 x 

Heat Capacity at 7W'C (l292'F) 
s 

c * =  0.209 
P 

HEAT OF FUSIOB (cal/gm) 

K (BTU/hr ft OF) 

%-%* = 35 

THBFMAL COESDUCTIVEX 

1.0 (Liquid, constant gap) ( R e f .  45) 

1 - 0 C (Centipoiees 

VISCOSITY 

OF (lb. /ft-fir) ft2/hr :ent is toke e ) 
I 2,ll 1100 17.8* 0 0844 
I 600 

800 3.3" 1.03 1500 7.6* 700 

- 
7,l* (Ref ,  38) 

11.0* 0 * 0537 
0.0382 

4.65" 1.41 1300 

Ekponential Form (centipoisea) p x O,U& 3590/* 

PRANMZ IfUMEJE€t 3.9 at 11OO0F, 2.3 at lp°F, 1.5 at 1500°F 

*Denotes experimental values. Other valrres given are calculated or estimated. 
c - 



- - Mixture Component k l  9& 
88 8aF 64 

BeF2 31 
5 LFF 

-80- -.. 

62.88 
3.04 

34.08 

42.8 

DEMSITY 

SOLID AT ROOM TEMF'EUTURE (gm/cc) 2.44 
LIQUID (p = gm/cc, T = OC) p* I 2.39 - O.OOO5OT (Ref. 3) 
LIQUID (p = 1bs/ft3, T = OF) p* = 149e7 - 0e0173T 
HEAR VOLUMECPRIC COEFFICTEBPT OF L~JUID MPAHSIOB ( i p c  It lo4) 2.45 

ENTEALPY, HEAT CAPACITY AND BEAT OF FUSION 

SOLID - 
E n t h l P Y  (cal/gm) I$-€IOoc* = 
Heat Capacity (cal/gm OC) c * =  
Heat Capacity a t  300°C (572OF) c = 0.37 

Heat Capacity (cal /m OC) c * -  
Heat Capacity a t  700°C (l292OF) 

P 
P - 

EnthlPY (cal/gm) %-Hoot* 
c P 1 0051 
P 

HEAT OF FUSION (call-) 5 - H s *  

K (BTU/hr ft OF) 

VISCOSITY 

(Centistoke s ) F (1 ./fit--r) ft2/hr 

13 00 lio 3* 0.0887 
1500 70 9". 0.0636 

0 - C ( Centipoise t9 ) 0 - 
3.39 1100 1 7 . 8 ~  0- 1364 600 7.1- 

800 3.4% 1.71 
700 4*75* 20 32 

3435/T°K Exponential F O ~  (centipoises) CL = 00138e 

*Denotes experimental values. Other values given are calculated o r  estimated. 
#-E - Aqexqge values, Refs, 3 and 39. 
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Mixture Component b l  $ Wt. Avg. M.W. Liquidu Temp. 

89 Eal? 63.5 63 12 42,2 535% (995W 
%%F 7.5 4.62 
BeFz 29.0 32.26 

s o L m  - 
Enthalpy (cal/gm) %-EOoc* = 

c * -  
c - 0,37 
P 
B 

B a t  capacity (cal/gm *c) 
Heat Capacity a t  30O0C (572OF) 

LQrm, 
&thalPY ( 4 m )  I$-Hooc* - 

c * -  P 
R 

H e a t  capacity (cal/ga 'c) 
Heat Capacity a t  700'C (l292OF) c - 0~51 

HEAT OF FUSIOII (d-) %-%+ - 
!rImMAL C O W T r n r n  

IC (BTU/hr ft OF) 

- OC (Certtigoieer) (cent f e toke e ) - OF (lb. /ft-hr) ft2h 

0 1340 600 T O O *  ( R e f ,  3 )  3.37 1100 17.4* 
700 4,6* 2,28 1300 10 0 9% 0 0864 
800 3.3" 1500 7.63~ o 0620 

Exponential ~ o r m  (centipoieee) p = 0,121e 3543/TQK 

*Denote6 experimsntal valuer. Other d u e s  given are calculated or estimated. 

i", ..j \ 



Mixture Component lrd01 $ W t .  Avg. M.W. Liquidw Temp. 

DEZTSZtT 

SOLID AT ROOM ! i ! E W E W m  (gm/cc) 
LIQUID (p = &m/cc, T = 'C) 
LIQUID (p = lba/ft3, T = OF) 
mm V O L ~ ~ ~ I C  c o m ~ c ~ m  OF L R ~  amssfo~ ( i p c  x lo4) 1.86 

2.38 
p = 2-30 - 0.00038~ 
p = 144.0 - 0.0132~ 

600 8.W (Ref. 40) 3.86 

800 304* 1, 70 
700 5.0% 2.46 

1100 X)*l* 0,1555 
1sOO 11.9" 0 0 0937 
1500 7.9" 0.0634 

monential ~ o r m  (tentipoiree ) p = 0 .0811e 4008/T°K 
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Mixture component MOL $ W t o  5 Avg. E9.W. Liquidus Temp. 
- 

NaF 53 38.86 57.3 59OoC (1094'F) 91 
LiF 35 15.85 

8 23 0 36 
4 21 93 zrF4 

uF4 
DliNSICry 

SOLID AT ROOM TEMPERATURE (gm/cc) 3.40 
LIQUID (p = gm/cc, T = OC) 

LIQUID (p = 1bs/ft3, T = OF) 
MEAN VOLUMETRIC COEFFICIEEPT OF LQVm EXPANSION (1pC x 10 ) 3.06 

p = 3.22 - 0.00081~ 
p = 201.9 - 0.0281~ 

4 

ENTHALPY, HEAT CAPACITY AND REAT OF FUSIOH 

soLm - 
Enthalpy (cal/gm) $-Hoot* = 

c * =  
c = 0924 
P 
P 

Heat Capacity (cal/gm 'C) 
Heat Capacity a t  300°C (572OF) 

LIQUID 
Enthalpy (csl/gm) €$,-Hoot* = 

C * '  

c = 0.33 
P 
P 

Heat Capacity (cal/gm OC) 

Heat Capacity a t  700°C (1292'F) 

HEAT OF FUSION (cal/gm) %-HS* = 

THERMAL COmDUCTIVITY 

K (BTU/hr f t  OF) 

VISCOSITY 

(lb. /ft-hr) ft2/hr F 0 - c ( Centipoise s ) (Cent i s  tokes ) 0 - 
600 10~5 1100 26.6 

800 4.55 1500 10.5 700 6.45 1300 15.4 

Exponential Form (centipoises) 

Wenotes experimental values. Other values given are calculated or estimated. 
H . I  
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Component Mol $ W t e  $ Avg. M.W. Liquidua Temp Mixture - 

92 El82 49.5 40.61 
BeF2 48.0 44.06 
uF4 2: 5 15 * 33 

51.2 

DENSITY 

SOLID AT ROOM TEMeEXATuRE (gm/cc) 2.56 
LIQUID (p = gm/cc, T = 'C) 
LIQUID (p = lbs / f t  3 

p = 2.46 - 0.00042T 
p 154.0 - 0.0146T T = O F )  

MEAN VOLUMETRIC comrcmm OF L~QUID MPUSION (ipc x lo4) 1.94 

ENTHALPY, HEAT CAPACITY AND HEAT OF FUSION 

SOLID - 
Enthalpy ( ca l lm)  %-Ho~c* = 

Heat Capacity a t  300°C (572OF) c = 0.34 
Heat Capacity (cal/gm OC) c * =  P 

P 
LIQUID - 

Enthalpy (cal/gm) %-Hoot* = 
Heat Capacity (cal/gm OC) c * =  P 

P Heat Capacity a t  7OO0C ( E 9 2 O F )  c = 0.47 

HEAT OF FUSION (cal/gm) 5 - H s *  

TlBRMAL CONDUCTIVITY 

K (BTU/hr ft '3') 

C (Cent ipoi 
600 13.7 
700 7.3 
80s 4-4 

0 - 
VISCOSITY 

F (lb. /f't-hr) ft2/hr 0 - - 8 )  (Cen,,stokes ) 
1100 34.6 
1300 17.3 
1500 9 99 

Exponential Form (cent ipoises ) 

*Denotes experimental values. Other values given are calculated o r  estimated. 

L _ -  . ."& 
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Eibl $ wt .  4 - Mixture Component Liquidua Temp. 

55OoC (1022'F) 93 LiF 
ZrF4 
up4 

50 12h6 
46 75.08 

4 12 26 

LIQUID (p = gm/cc, T = OC) 

MEAN VOLUMETRIC COEFFICIENT OF LIQUID ~ A N S I O N  ( i / O c  x lo4) 2.81 

HEAT CAPACITY AND HEAT OF F U S I O I  

soLm - 
Enthalpy (cal/gm) 
Heat Capacity (cal/gm OC) 

Heat Capacity a t  300°C (572OF) 

Enthalpy (cal/grn) 
Heat Capacity (cal/gm OC) 

Heat Capacity a t  70O0C (1292OF) 

LIQUID 

I$,-Hooc* 
C * '  

c =0.20 
P 
P 

%-Hoot* 
c * =  
c = 0,28 
P 
P 

HEAT OF FUSION (cal/gm) 3 - H s *  

THERMAL CONDUCTIVITY 

K (BTU/hr f t  OF) 

VISCOSITY 

F (lb. /f't-hr) ft2/hr 0 - C 0 - (Centipoises) 

Exponential Form (cent ipoises ) 

*Denotes experimental values. Other values given are calculated or estimated. 

am? - 
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Colnponent Mol $ Wt. $ Avg. M.W. Liquidua TewA. 4 .  Mixture 

94 KF 50 24.51 118.5 
46 64.89 
4 10.60 

zrF4 
w4 

DEEVSITP 

SOLID AT- ROOM !PEWEZATURB (gm/cc) 
LIQUID (p = &m/cc, T = OC) 

mm vo~ tmzm~c  COEFFIC~EWT OF ~ n m  ~ A H S I O B  (ipc x lo4) 

3.83 
p = 3.61 - 0.00087~ 

LIQUID (p = 1bs/f't3, T = OF) p = 226.3 - 0.0302T 
2.90 

SOLID - 
Enthalpy (cal/gm) %-EOoc* = 
Heat Capacity (cal/gm OC) c * r  

P 
P Heat Capacity at 30O0C (57!2'F) c = 0.17 

L I % W  
Enthalpy (=l/€w) %-Hoot* 
Heat Capacity (cal/gm OC) C * "  

I%-%* = 

P 
P Heat Capacity at 70O0C (12Z°F) c = 0.24 

HEAT OF FUSIOH (cal/gm) 

!EEE@AL COETDUCTIVI!CY 

K (BTU/hr ft OF) 

vIscosm 

c (Centipoises ) (Centistokes ) F (lb*/ft-hr) ft*/hr 0 - 0 - 

Exponential Fom (cent ipolses ) 

*Denotes experimental values. Other values given are calculated or estimated. * 



Mixture Component - b l  $ Wt. - $ Avg. M.W. Liquidus Temp. 

95 RbF 50 36.87 141.7 500°C (932OF 1 
46 54 27 
4 8.86 ZrFq 

m4 

DENSITY 

SOLID AT ROOM TEMPERATURE (gpl/cc) 4.18 
LIQUID (p = @/cc, T = 'C) p = 4.00 - 0.00093T 
LIQUID (p = Ibs/ft3, T = OF) 
PIEA~ v o L u ~ ~ a i ~ c  COEFFICIE~ OF LIQUID MPAHSIOB (i/oc x lo4) 2.78 

p = 250.7 - 0.0322~ 

SOLID - 
athalpy (cal/gm) I!$-Eo~c* = 
Heat Capacity (cal/gm OC) C*' 

P 
P 

Heat Capacity at 300°C (57'2OF) c = 0.14 
LIQUID 

Enthalpy (-l/m> I#-HOoc* = 
Heat Capacity (tal/@ OC) c * =  

P 
P 
c -0.20 Heat Capacity at 700°C (=%OF) 

F (lb./f+t-hr) ft2/hr 0 
C (Centipoises) (Centistokes ) - 0 - 

600 7.05* (Ref. 38) 2.06 
700 4 0 35* 1.31 
800 2.95* 0 .g1 

1100 17.9" 0 .,0837 
l300 10.4* 0 0501 
1500 6.8* 0 ., 0338 

4081/T°K Exponential Form (centipoises) = 0.0657e 

*Denotes experimental values. Other values given are calculated or estimated. - 
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Mixture Component Eibl $3 *wt .  $ Avg. M.W. Liquiaw Temp. - 
96 NaF 53 56.66 39.3 535'C (995OF) 

LiF 24 15.83 
BeF2 23 27.51 

DE3SITM 

SOLID AT ROOM 73MPEBA- (gpl/cc) 2.43 
LIQUID (p = gm/cc, T = OC) 

LIQUID (p = lbs/ft3, T = OF) 
p = 2.34 - 0.00039T 
p = 146.5 - 0.0135T 

4 WEAa VOLuEjIETRIC COETFICIEXT OF LIQUID EXFAHSIOB (1pG x 10 ) 1.88 

EEilTBAIsy, HEAT CAPACITY ABD HsAT OF FUSIOB 

SOLID - 
Enthalpy (cal/gm) %-q)oc* = 
Heat Capacity (csl/gm OC) e * =  

P 
P 

Heat Capacity a t  30O0C (572OF) c = 0.38 
L I Q m  

E n t h l P Y  ( 4 6 3 4  %-Hoot* 
Heat Capacity (cal/gm OC) C * "  

P 
P 

c = 0,54 Heat Capacity a t  70O0C (l292OF) 

HEAT OF FETSION ( c a l / p )  %-HS" = 
T€DEWIL CORDUCTIVITY 

K (BTU/hr f t  O F )  

c (Centipoises) (Centtstokes) - OF (lb. /f't-hr) ft2/hr 0 - 
600 5.9" ( R e f .  40) 2.80 1100 14.8" 0.1121 
700 4.l* 1.98 1300 9.7" 0.0749 
800 3.0" 1.47 1500 6.9" 0.0543 

3168/T°K Ezqonential Form (centipoises) p = 0.157e 

*Denotes experimental values. Other values given are calculated or estimated. 

Qlllc 
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s'+'$.'. 

Mixture Component - M o l  $ W t .  $ Avg. MOW. Liquiaw Temp. 

97 NaF 49 55 * 70 37.0 597OC ( 1107Qa) 
LfF 36 25 22 
BeF2 15 19 08 

DENSITY 

SOLID AT ROOM !lZM%RA= (gm/cc) 2.47 
LIQKUI (p = &m/ccy T = OC) 

LIQTJID (p = lbs/ft3, T = OF) 
p = 2037 - 0,00039T 
p = 148.4 - 0,0135T 

4 W VOLUMETRIC C O E F F I C I E ~  OF LIQWID EXPMSIOB (1pC x 10 ) 1.87 

IBWBUPY, HEAT CAPACEIT AXD HEAT OF FUSIOH 

SOLID - 
Enthalpy (cal/e;m) %-Eo~c* = 

c + =  

c = 0*39 
P 
P 

Heat Capacity ( c s l / p  OC) 

Heat Capacity at  300°C (572OF) 

mt-lPY (-l/w) HfHo"c* = 
e * '  

c = 0.55 
P 
P 

H e a t  Capacity (cal/gm OC) 
H e a t  Capacity a t  700°C (=%OF) 

%-53% = HEAT OF FUSIOH (cal/gra) 

THERMAL COEJDUCTIITIfPlL 

K (BTU/hr f t  OF) 

VISCOSITY 

F jlb. /ft-hr) ft2/hr 0 
C ( Cent ipoises ) (Centistokes) - 

1500 

0 

600 5., 65" ( R e f .  41) 2.65 1100 14,0* 0 e 1053 
~ 8 9  1300 9.4* 0 0 0720 

800 2.95" 1.44 6.9" 0.0540 700 3.95" 

31043/T°K 
Exponentis1 Form (centipoises) Ff = 0.173e 

*Denotes experimental values. Other values given tux calculated or estimatedo 
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Mixture Component &l $ Wt. Avg. M.W. Liquidus Temp. 

98 NaF 56 49 23 47.8 505OC (941OF) 
LiF 21 11.39 
BeF2 20 19 67 
VF,, 3 19 * 72 

DESSITJI 

SOLID AT ROOM 7XMPERATUR.E (gln/cc) 2.82 
LZ4UID (p = glp/ccl T = OC) 

LIQUID (p = 1bS/ft3, T = OF) 
p = 2.72 - O.OOO48T 
p = 170.3 - 0.0166~ 

MEAH V O L ~ ~ T R I C  COEFFIC~WT OF LIQUID ~ A H S I O B  ( i p c  x i o  4 ) 2.03 

EEEULPY, HEAT CAPACITY A D  HEAT OF FUSIOH 

SOLID - 
Enthalpy (callesa) 
Heat Capacity (cal/gm OC) 

Heat Capacity a t  300°C (572OF) 

L a m  
Enthalpy (cal/gra) 
Heat Capacity (call@ OC) 

Heat Capacity a t  70O0C (l292OF) 

HEAT OF FUSIOH (cal/gm) 

%-Eo~c* = 
c * r  
P 
P 

c = 0.32 

$-€IOoc* = 
cp* = 
c = 0.45 P 

%-HS* 

'FEEREU CO1BDUCTIVEX 

K (BTU/hr f t  OF) 

vIscosm 

- O F  I C (Centipoises) (~en t i s to~ses  1 0 - 
600 7.3" (Ref. 41) 3.0 
700 4.& 1.94 
800 3.n* 1.34 

lloo 
1300 
1500 

Eqonent ia l  Form (centipolses) p 0.0737e 4012/T°K 

pt9, hr - 
0.1215 
0 0737 
0.0492 

*Denotes experimental values. Other values given are calculated or e s tba t ed .  - * .  



E2RE&PY, HEAT CAPACITY Al!TD HEAT OF F U S I O l  

SOLID - 
Enthalpy (cal/gm) €$,-EOoc* = 

C * '  

c = 0.36 
P 
P 

Heat Capacity (eal/gm OC) 
Heat  Capacity at  30O0C (Fp°F) 

LI$uJD 
Enthalpy (-l/@) I$-HOoc* = 

e * =  

c = 0,22 
P 
P 

H e a t  Capacity (cal/gm 'C) 
Heat Capacity at  70O0C (l292'F) 

HEAT OF FUSIOH ( c a l / p )  5 - H s *  = 

K (B!l!U/hr f t  OF) 

C 0 - 
vIscosm 

(Centipoise8 ) (Centistokes ) 

Exponential Form (centipolses) 

(lb. /ft-hr) ft2/hr F 0 - 

*Denotes experimental values. Other ducts given are calculated or e s tba t ede  - 



-92- 

100 LiF 
NaF 

60 48.08 32.3 
40 5 1  0 92 

652'c (1206'~) 

LIQUID (p = gm/cc, T = OC) 
LIQUID (p = lbs/ft3, T = OF) 
PiEAEV VOLUMETRIC COEZFICIENT OF LIQWID BlPARSIOB (1PC x lo4 ) -  2.71 

p* = 2.42 - 0.00055T (Ref, 16) 
p* = 151-7 - O.Ol91T 

EElXADY, HEaT C;APACI"PP AHD W L T  OF FUSION 

- SOLID (112O-572OC) 
Enthalpy (cal/gm) I$,-%oC* -0.1 + 0.3lglT + 9.94 x 10 -5 T 2 

LIQUID (688'-898'~) P 

Heat Capacity (cal/ga OC) c * = 0,3191 + 19.87 x log5, (Ref. 42) R 
Heat Capacity a t  30O0C (572'F) C *= 0.379 
- 

&thalPY (-l/m> %-Booc* = -78.5 + Oe9249T - 24.62 x 10 -5 T 2 

. Heat Capacity (cal/m OC) "0" = 0.9249 - 49.23 x 10°5T 

Heat Capacity at 70O0C (l292OF) c * 9 0.580 R 

HEAT OF JXJSIOIf (cal/pi) 5-33" = 170 

v1scosm 
ID. /f't-hr) ft2/hr F 0 

7 C (Centipoises) _Scent i s  tokes ) 
0 - 
700 3.2* (Ref, 25) 1.58 
800 2 * 35" 1.19 

1300 
1500 

7.6* 0 * 0597 
5*4* 0.0439 

Exponential Fora (centipiees) p = 0,116e ' 3225/T°K 

*Denotes experimental values. Other values given are calculated or estlmated. - 
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Mixture Component lvbl $ W t .  $ Avg. M.W. Llquidua Temp 

101 I&? 57.6 34.24 43.6 645OC (1193%) 
MaF 3804 36.97 

4,O 28 79 VFq, 

DEXWITY 

SOLID AT ROOM TEMPERATURE (@;m/cc) 3.08 
LIQUID (p = gm/cc, T = OC) p = 2.95 - 0 , o O o q ~  

p = 185.0 - OmO267T LIQUID (p  = lbs/ft  3 , T = OF) 
4 MEAN VOLUMETRIC COEFFICIENT OF LIQUID EXPANSION (1pC x 10 ) 3.21 

ENTHALPY, HEAT CAPACITY AND HEAT OF FUSION 

s3LID (97Q-594Qc) 
-5 2 %-H o * = o + 0,227~ + a7 x 10 T 

( R e f .  4) 
o c  

P 
P 

Enthalpy (cal/gm) 
Heat Capacity (cal/gm OC) 

Heat Capacity a t  300°C (572OF) 

c * = 0.227 -+ 33 x 
-x= 0.326 

LIQUID (655Q-916QC) 
0 * = 
c * = 0.53 
c * = 0,53 

068~9 -t- 0*$31a o c  
P 
P 

Enthalpy (cal/gm) 
Heat Capacity (cal/gm OC) 

Heat Capacity a t  70O0C (1292OF) 

HEAT OF FUSION (cal/gtn) %-HS* = 56 

THERMAL CONDUCTIVITY 

K (B"U/hr f t  O F )  

VISCOSITY 

F (lb. /ft-hr) ft2/hr 0 
C (Centipoise s ) (Centistokes ) - 

700 
800 2,6 1500 

0 - 
3.5 1300 8.4 

6,o 

Exponential F Q ~  ( cent ipoises ) 

*&notes experimental values. Other values given are calculated or  estimated. - 
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Mixture Component M O ~  $ Wt. $ 

102 LiF 50 30.85 
KF 50 69.15 

-3 IBAT CAPACITY A D  €EAT OF IWSIOX 

SOLID ( 107°-466%) - 
Enthalpy (cal/gm) 

Heat Capacity at 3WoC (572'F) c* = 0.305 

EntWlPY ( = l / a p n )  

I$-EOoc* = -2.3 + 0.281717 + 3.82 x 10 -5 T 2 
0.2817 + 7.64 x (Ref. 4) %* = 

0 * a -23.8 + 0.5839T - 10~28 x 10 -5 T 2 

Heat Capacity (cal/gm 'C) 

P - L l Q m  552°-89300c) 

o c  
P 
P 

Heat Capacity (cal/gm OC) c * = 0.5839 - 20.56 x los5, 
Heat Capacity at 700°C (l292OF) c * =  0.440 

HEBT OF FWIOR (cal/gm) E&*= 93 

SiERHAL COBIDUCTITPITY 

K (BTU/hr ft OF) 

- OC (Centipoiees) Jcentistokee ) 

600 4.75 
700 2a9 
800 1.95 

Exponential Form (centlpolses) 

1100 12.1 
1300 6.9 
1500 404 

n2/hr 

*Denotes experimental vcrlwe. Other values given awe calculated or estimated. - 
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a!!!!!@ 
Mixture Component BW $ Wt. $ A v ~ .  M e w .  Liquidus Temp. 

103 LIF 48 23.55 52.9 560°C ( 1040°F) 
KF 48 52 0 70 
uF4 4 23 0 75 

DElOSITY 
,$ 

SOLID AT ROOM TJBPERATURE (gm/cc) 2.85 

LIQUID (p = gm/cc, T = OC) 
LIQUID (p = lbs/ft3, T = OF') 

p = 2.75 - 0.00073T 
p = 172.5 - 0.0253T 

MEW vommm~c C O E P ' F I ~ ~ T  OF LIQITID MPMSIO~O (ipc x lo4) 3-24 
EHTHADY, HGAT CAPACITT ABD m T  OF FEJSIOH 

- SOLID ( 127O-465OC 1 
Enthalpy (cal/gm) %-EoOc*= 0.1+ 0.234T + 4.9 x 10 -5 T 2 

s - H o ~ c *  = -82.4 + O.657T - 19.7 x 10 -5 T 2 

Heat capacity (cal/gm 
Heat Carpacity at 30O0C (5'p°F) 

c * = 0.234 + 9.7 x lom5, (Ref. 4) 
c * = 0.263 
P 
P 

LII&UID (563O-882OC) 

h - l P Y  (-l/w) 
Heat Capacity (cal/gn~ OC) 

Heat Capacity at 7W°C (l292'F) 
c * = 0.657 - 39.3 x P 
P c * -  0.382 

HEAT OF FUSIOH (cal/ga) %-Es* = 68 at 5OO0W* 

THWMAL COl!JD~TXVITY 

K (B!FFJ/hr f t  OF) 1.4 (solid sphere and slab)(Refo 45) 

OF (lb. /ft-hr) ft2/hr - OC (Centipoieem) (Centistobe ), - 
600 5.25 
700 3.2 
800 2.15 

E&ponential Form (centipoleee) 

1100 13.2 
1300 7.6 
1500 5.0 

*Denotes experimental values. Other values given are calculated or e e t s ~ t e d .  
m e  major break in the enthalpy-temperature curve 
was at 5000~~ 
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Mixture Cotnponent EBOI 4 W t .  $ Avg. W.W. Liquidua Temp. 

104 LiF 43 15 77 70.7 475'c (887'~) 
RbF 57 84.23 

DEI9SZf.T 

SOLID AT ROOM TEKPERATURE (@a/cc) 

mm VOLUMETRIC com~cmm OF L ~ g v n >  EXPAIPSIOH ( 1 p c  x lo4) 3.65 

3.27 
LIQUID (p = p/cc,  T = OC) p* E 3.30 - O.OOOg6T (Ref. 22) 
LIQUID (p = lb8/ft3, T = OF) p* = 207.1 - 0.0333T 

- SOLID ( l34*-42O0C) 
mtblpy (cal/gni) 
Heat Capacity (cal/gm OC) 

Heat Capacity a t  300°C (572OF) 

LrClm (497'-878'~) 
EntMlPY (-l/m) 
Heat Capacity (cal/gm 'C) 
Heat Capacity at 70O0C (=%OF) 

HEAT OF F[ISIOH (cal/gtn) 

K (BTU/hr f t  OF) 

-5 2 T I5p-gOoc* = -1.1 + 0.1849T + 2-45 x 10 
c * -  0.1849 + 4.9 x (Ref. 37) 
c *  = 0,200 
P 
P 

-5 2 €+-Eooc* = -22.9 + 0.3969T - 8.1 x 10 T 

0.3969 - 16.1 x C * = 
c * = 0.284 
P 
P 

1.2 (Liquid) (Ref. 43) 

VXSCOSITY 

- OC (Centipoiees) \ Zentistokes ) - OF jlb. /ft-hr) f ?/hr 
_. 500 9.0* (Ref, 38) 3.19 1100 11.49 3 "  

5 50 
600 4.5" 1.65 
650 3.4* 1.27 

6 . 3  2.24 1200 8.2* 0.0491 

4678/T°K Eqonential  Form (centigoleee) p E 0.0212e 

pRAIsMTL IwMBEz 2.9 at llOO'F 

*Denotes experimental valuee. Other vslues given are calculated or estimated. 
5 - 



Mixture 

105 

Component 

M F  
RbF 

wt. $ Liquldue Temp. 

660°C (1220'F ) 

AEIJSTIY 

SOLID AT ROOM -TURF: (gm/cc) 

LIQUID (p = 1bs/ft3, T = OF) 
MEAH VOLUMETRIC C O E F F I C T E ~  OF r;zym ~ A H S I O I  ( ~ / o G  x lo4) 

3.56 
LmUID (p = gm/cc, T = OC) p = 3.36 - OoOOo84T 

p = 210~7 - 0~0291~ 
2.57 

E-1 HEAT CAPACXTY AND HEAT OF FUSIOH 

SOLID - 
&th.alPY (cal/m) %-Hoot* = 
Heat Capacity (cal/gm OC) cp* 
Heat Capacity at  3OO0C (572OF) 0 ~ 8  

P 

Enthalpy (cal/gm) %-Hoot* 
Heat CQPacity ( c a l / p  'C) cp* - 

%-%* = 

Heat Capacity a t  700'C (l292'F) c = 0~25 
P 

HEAT OF FUSION (cal/m) 

TE[ERMAL COIODUCTITIEfT 

K (BTU/hr f t  OF) 

VISCOSITY 

1 C (Cent ipoieeer ) (Centistokes ), - OF (lb. /f't-hr) ft2/hr 
0 - 

Exponent is1 Form (cen.t;ipolsse ) 

Wenotes emerimental values. Other va l~zes  given are calculated or estimated. 

IL ?y. I 
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Mixture Component Mol $ W t .  $ Avg. MOW. Liquidus Temp. 
106 LW 44.7 22.23 52.2 560'~ (1040'F) 

KF 40.3 8.85 
MaF 11.0 44.86 

4.0 24 . 06 uF4 

DEMSIp3cy 

SOLD AT ROOM TEMPlBATIlRX (gm/cc) 2.90 

LIQUID (p  = gm/cc, T = OC) 

MEW? VOLUMETRIC COEFFICIEBTII OF LIQUID ~ ~ S I O 1 B  (1/% x 10 ) 

p = 2.80 - 0.00074T 
LIQUID (p  = lbs/ft3, T = OF) p 175.6 - 0.0257T 

4 3.26 

EEPHALPY, HEAT CAPACITY AlpD IEAT OF FUSIOH 

SOLID - 
Enthalpy (cal/gm) %-Hoot* = 

c y =  
P 
P 

Heat Capacity (cal/gm OC) 
Heat Capacity at  30O0C (572'F) 

EnthalPS (crl/gm) %-Hoot+ = 
c * =  Heat Capacity (cal/gm OC) 
c = 0.38 Heat Capacity at  70O0C (1292OF) 

= 0.27 

LJQUJD 

P 
P 

HEAT OF FUSION (cal/gml %-Hs" * 

K (BTU/hr f t  OF) 

vIscosm 
OF (lb. /f t-hr) ft2/hr C (~en t ipo iees )  (~ent ie tokes)  - 0 - 

600 5.35 
700 3-2 
800 2.15 

E x p o n e n t ~ l  Fom (centipolsea) 

1100 13.6 
1300 7- 6 
1500 4.8 

*Denotes experimental values. Other values given w e  calculated or  estimated. 
4.: 
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Mixture Component M O ~  $ Wt. $ A v ~ .  M.W. Liquid- Temp. 

107 Elf 11.2 9. 77 480 1 49OoC (914'F) 
KF 410 0 49.59 
LIF 45.3 24 6 39 
uF4 2.5 16.32 

DEaSrmY 

SOLID AT ROOM TEEapERAToRF: (gm/cc) 2.74 
LI$UID (p = gm/cc, T = OC) 
LIQUID (p = lbS/ft 3 T = OF) 

p = 2.67 - 0.00072T 
p = 167.5 - 0.025OT 

m.m VOLUMETRIC c o m ~ c m m  OF LI$UID ~ U S I O N  ( i p c  x lo4) 3-32 

EEl%UPY, HEAT CAPACITY AND HEAT OF FUSION 

SOLID - 
Enthalpy (cal/gm) €$-Booc* = 
Heat Capacity (cal/gm 'C) e * -  

P 
P 

Heat Capacity at 3OO0C (572OF) c = 0-29 
LIQUJCD 

Enthalpy (cal/sm) i$,-Ho~c* ~1 

Heat Capacity (cal/gm OC) cp* * 
c ep 0041 
P 

Heat Capacity a t  700°C (1292OF) 

HEAT OF FUSION (cal/gml %-HS* 1 

THERMAL COI\TDUCTIVI!U 

K (B!LW/hr ft O F )  

vIscosm 
F (lb. /f't-hrl ft2/hr 0 

C (~ent ipoiees)  (Centlstokes) - 0 

600 5*1* (Ref.12) 2.27 1100 12.8* 0 0 0909 
700 3*0* io 38 1300 7. I* 0.0593 

- 

4 507/T°K Exponential Form (centipolses) g = OOO2g2e 

Wenotes experimental valuee. Other d u e s  given are calculated or eetfmated. 

.w. 1 'c 



Mixture Coraponent k 1  $ Wt. $ Avg. M.W. Liquiaus T ~ W .  

108 MF 56.0 22.06 1 0 6 ~ 6  55OoC (1022OF) 370 5 580 80 
605 19- 15 ZrFlC 

uF4 

DENSlTy 

SOLID AT ROOM TEMPERATURE: (gm/cc) 

LIQUID (p = gm/cc, T = OC) 

4016 
p = 3.97 - 0=00093T 

LIQTJID (p = lbs/ft 3 T = OF) p = 24809 - 0.032211 

mm VOLUMETRIC COEFFICIE~JT OF LIQUID MPANSIOH (ipc x lo4) 2080 

E m ,  HEAT CAPACrpY AID HEAT OF FUSIOH 

SOLID - 
Enthalpy ( c a l / p )  %-Hoot* = 

cP* = 
Heat Capacity (ca l /gm OC) 
Heat Capacity at 3WoC (572OF) = 0.18 

P 
L I Q m  

h t b l P Y  (ca.l/asn) I$,-HOoc* 

Heat Capacity at 700% (Irz92°F) c CD 0.25 

Heat capacity (cal/gm OC) cp* = 

P 

5 - H s *  3 HEAT OF FUSION (cal/gm) 

THERMaL C O B D U C T I W E  

K (BTU/hr ft OF) 

VISCOSITY 

(Centipoiaes) (Centistokea) - F (lb./f't-hr) ft2/hr 
0 C 0 - 

600 80 5 
700 5.4 
800 3.7 

Exponential Form (cent ipoises ) 

*&notes experimental values. Other values given are calculated or estimated. - 
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Mixture Component E401 $ Wt. $ Avg. M.W. Liquid- Temp. 
109 NaF 32 16. 96 79.3 535OC ( 9 9 5 3 )  

RbF 31 40.88 

6 23 78 
BeF2 31 18.30 
uF4 

DE3W3!Y 

SOLID AT ROOM TEWERATURE (grn/cc) 3.29 
p = 3.20 - O.OOO&T LIQUID (p = gm/cc, T = 'C) 

MJUH VOLUMETRIC COEFFICIENT OF LIQUID EXPAHSIOB ( 1 p C  x 10 ) 
LIQUID (p = lbs/ft3, T - OF) p = 200.5 - 0.0222T 

4 2.33 

EHTHALPY, HEAT CAPACITY AID HEAT OF FUSIOH 

SOLID - 
Enthalpy (cal/iV) ?$-EOoc* = 

c * =  

c = 0.21 
H e a t  Capacity (cal/gm OC) P 
Heat Capacity at  300°C (572'F) 

Heat Capacity (cal/gm OC) P 
Heat Capacity a t  70O0C (l292'F) 

P 
L I Q m  

Enthalpy (cal/m) HT-HOoc* P 

c * *  
0.30 

P 

THERMAL CONDUCTIVITY 

3 K (BTU/hr f t  OF) 

.A VISCOSITP 

(lb. /f't-hr) ft2/hr F 0 C (Centipoiaeer ) (Centistokes) - 0 - ! 

Brponential Fom (centipoisee) 

*Denotes experimental valuea. Other va lues  given are calculated or estimated. 
. ,. 
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- Mixture component &i $ w t b  $ A V ~ .  M.W. Liquiaw mlnp. 
110 B&F 61.7 37.2 69.6 775OC (1427OF) KF 20.5 17.1 

ZrF4 16.4 39.4 
uF4 1.4 6.3 

DEmSITY 

SOLID AT ROOM TEBQERATURE (e;m/cc) 3.27" (Ref. 22) 

LIQUID (p = gm/cc, T = OC) 
LIQUID (p = 1bs/ft3, T = OF) 

p = 3.15 - 0.000EjOT 

p = 197.5 - 0.02VT 
VOLUMETRIC C O ~ I C I E E J T  OF L Q ~  MPA~OSIOE (ipc x lo4) 3.19 

EEJTHlccpT, HEAT CAPACITY AmD €EAT OF FUSIOH 

SOLID - 
Enthalpy (cal/epn) %-Ho~c* = 
Heat Capacity (cal/gm OC) c * =  
Heat Capacity at  3W°C (572OF) c = 0.21 

Heat Capacity (cal/grPn OC) 
Heat Capacity at  70O0C (1292OF) 

P 
P 

LIQuJD 

Enthalpy (csl/gm) %-Hoot* = 
cp* = 

%-53" = 

C "  P 

HEAT OF FUSIOR ( ca l /g~)  

THERMlL COHDETIVE€T 

K (BTU/hr ft OF) 

VISCOSITY 

C (Centipoises 1 (Cent is toks)  
0 - 

Exponential Form (cant ipoises ) 

F jib. /ft-hr) ft2/hr 0 - 

*Denotes experimental valuee. Other va lues  given are calculated or  estimated. 

V .  -- A 
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. 
Mixture Component bl $ Wt. $ Avg. M.W. Liquid- Temp. 

111 L i F  71 27.86 66.02 

ThF4 
uF4 

BeF2 16 11.39 
12 56.00 
1 4.76 

DrnSITIIY 

3.71 
p = 3.82 - 0.0008n 

SOLID AT ROOM TEMPEWTURE (gpi/cc) 
LIQUID (p  = @/cc, T = OC) 

MEAEJ VOLUMETRIC COEFFICIE~ OF KJQUID E;XPABSION x lo4) 2.52 
p = 239.4 - 0.028411 3 LIQUID (p  = lbs/f't , T - OF) 

EMTBALpy, HEAT CAPACITT AID HEAT OF FUSION 

SOLID 
Enthalpy (cal/gm) %-Hoot* 

C * "  

c = 0.26 
Heat Capacity (cal/gm 'C) P 
Heat Capacity a t  30OoC (572OF) 

Heat Capacity (cal/gra! 'C) P 
Heat Capacity a t  70O0C (l292OF) 

P 
Ln;lmS 

Enthalpy (cal/gm) I$-Ho~c* 

c * =  

c P = 0.37 

HEAT OF FusIOlo  (cal/gm) 5-53" = 
THERMAL COBDTJCTIVITY 

VISCOSITY 

(lb. /ft-hr) ft2/hr * OF C (Centtpoiaes 1 (Centistokes ) - 0 - 
600 13. o* ( ~ e f .  22) 3.90 1100 33.9, 0.1628 

2.18 1300 16.9 0 -0835 
800 4.8* 1.51 1500 11.0" 0 0559 
700 7* 1 

4.666 /T "K 
Brponential Form (centlpolses) p = 0.0620e 

*Denotes experimental values. Other d u e s  given are calculated or estimted. 
, .  
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i +.% 

Mixture component M O ~  $ wt. $ Avg. M.W. Liquidus Temp. 
112 LiF 

BeF2 
50 35.53 36.5 
50 64.47 

35OoC (662'~) 

DENSITY 

SOLID AT ROOM TEWEZ?ATuRE (gm/cc) 2.08 
LIQUID (p = gm/cc, T = OC) p* = 2.22 - 0.OOdcOT (Ref .  3)  
LIQUID (p = lbs/ft 3 T = OF') p" = 139.0 - 0.0139T 
MEAR VOLUMETRIC c o m ~ c m m  OF L ~ W P ,   SIOB OB ( i p c  x lo4) 2.06 

EICWALPY, HEAT CAPACITY AlQD HEAT OF FUSIOH 

SOLID - 
Enthalpy ( cal/gm 1 %-HoOc* = 

Heat Capacity (cal/gm OC) c * =  P 
P 

Heat Capacity a t  3OO0C (572OF) c = 0.46 
L I Q m  

Enthalpy (cal /m) I$-Eo~c* * 

Heat Capacity a t  700% (129!2°F) c = 0.65 
Heat Capacity (cal/lpn OC) cp* = 

P 

%-Es* = HEAT OF FUSION ( c a l / s )  

THERMAL COBDUCTNI!PY 

K (BTU/hr ft OF) 

VISCOSITX 

C (Centipoiees) (Centis tokes ) OF (lb. /ft-hr) ft2/hr 

ll62 1100 56.9" 0.4874 
- 0 - 

600 22.2" (Ref.3) 
50 52 1300 250 2" 0.2200 

5.95" 3.12 1500 13. 3" 0. 1184 
700 10.7" 
800 

6174/ToK 
Exponential Form (centipoises) P = 0.018% 

*Denotes experimental values. Other values given are calculated or estimated. 
',k 

k - 
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I 

Mixture Component pdol  4% Wt. $ Avg. M.W. Llquldue Temp. 
113 I%F 50 47.19 44.5 380°C (716OF) 

BeF2 50 52.81 

DE3lSITII 

SOLID AT ROOM TElrrlpERATuRE (@/cc) 
LIQUID (p = &m/cc, T = OC) 
LIQUID (p = lbs/ft  , T J OF) 
MJWf VOLUMETRIC COEFFICIEATT OF LZlvn> mMSIOIB (1pC x 10 ) 

2.45* (Ref . 10) 
p = 2-25 - OoOOO)+OT 

p 140.9 - 0.013g" 3 
4 

E-, HEaT CAPACITY AND BEAT OF FUSIOH 

2.02 

SOLID - 
Enthalpy (cal/gPa) HT-HOoc* 

c * -  Heat Capacity (cal/gm 'C) P 
Heat Capacity at 3OO0C (572OF) 

Heat Capacity (call@ OC) P 
Heat Capacity at 70O0C (l292OF) 

c = 0.38 
P 

L I Q m  
-thalpY (cal/m) %-Hoot* 

c * =  
c = 0.53 
P 

%-Hs* 3 HEAT OF FUSION ( C S l / @ )  

COBDUCTIVITY 

IC (BTU/hr f t  OF)  

( vIscosm 

! OF (lb. /ft-hr) ft2/hr 
15,3*(Ref .44) 7.61 1100 38.7" 0.3084 

20.1" 

- OC ( ~ e n t i p o i a e ~ )  (centietokes) - 
800 5.25" 2.72 1500 11. p 

oo 1634 
o0 0988 

600 
700 8.4* 4.26 1300 

5009/fK Exponential Form (centipolsea) cr = 0.&93e 

*Denotes experimental values. Other valrres given are calculated or estimated. 

111 h :  
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'5 
Mixture Component Mol $ Wt. $ Avg. M.W. Liquidua Temp. 

m 50 55028 520 6 445OC (833OF) neb 
BeF2 50 440 72 

DEMSm 

SOLID AT ROOM YTBPEBATURE (gm/cc) 

MEAN VOLUMETRIC com~cnm OF LIQUID M P ~ S I O H  (~/OC x lo4) 

2023 

LIQUID (p = gm/cc3 T = OC> p = ao18 - O.OOO~~T 
LIQUID (p = ~ + t 3 ,  T E OF) = 13605 - O o O 1 2 1 ~  

io81 

ENEULPY3 HEAT CAPACITY AMD REAT OF FUSIOH 

SOLID - 
b t b l P Y  (cal/gm) %-Hoot* 
Heat Capacity (cal/gm OC) c * -  
Heat Capacity at 30OoC (572OF) 

Heat Capacity (cal/lpn 'C) c * =  
Heat Capacity at 700°C (l292OF) 

c P c 0032 

c P B 0047 

P - L n m  

EnthlPY ( C W g m )  Ifr-HOoc* c 

P 

HEAT OF FUSION (cal/m) 

K (BTU/hr ft O F )  

v1sc0sm 

(Centipoises) (CentiBtokes ) F (lb. /f't-hr) ft2/hr 

70 77 1100 3902% oo 3187 
3.45 1300 1507* oo 1300 

0 - C 0 - 
600 1503* (Refo&) 
700 60 7% 

3.45 Po 82 1500 70 6* 00 0641 
800 

Exponential Form (centipoisee) P oooo517e 6976/T°K 

*Denotes experimental values. Other va lues  given are calculated o r  estimated. 

*w.;4; r 
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Mixture Component Mol $ W t .  $ Avg. M.W. Liquidus Temp. 

1.- 

115 RbF 50 68.98 75.8 b O ° C  ( 752OF ) 
BeF2 50 31.02 

=SITY 

2.85 
p = 2.75 - 0.0005c~r 
p = 172.2 - 0.0173~ 

SOLID AT ROOM TENPERATURE (gm/cc) 
LIQUID (p = gm/cc, T = 'C) 
LIQUID (p = lbe/ft3, 91 = OF) 
MEAH VOLUMEZRIC COEFFICIEl!C OF LIQUID EX€!AHSIOI! (1PC x lo4) 2.08 

EEPULPY, HEAT W A C I V Z  ABD =T QF F'USIOH 

SOLID - 
Enthalpy (cal/gm) I$-EoOc* = 
Heat Capacity (cal/gm OC) c * =  
Heat Capacity at 300°C (572OF) c = 0.22 

Heat Capacity (call- 'C) c * =  

P 
P 

Lnm 
&*lPY ( 4 6 3 4  %-EOoc* = 

P 
P 

c = 0.31 Heat Capacity at 7WoC (l292OF) 

HEAT OF FUSION (cal/gm) 

K (BTU/hr ft OF) 

C 0 - (Cent ipoises ) 
600 11 3:( Ref. 22) 
700 5.2 
800 2 0 75* 

vIscosm 
OF (Centietokes) - 

4.69 1100 

1.17 1500 
2,17 1300 

6701/ToK 
Brponential Form (centipoieea) p = o.oo534e 

(lb. /f't-hr) ft2/hr 
30 * 3* 0 1977 
12.3 0 ., 0821 
6.1* 0 e 0417 

* 

*Denotes experimental values. Other valrzee given are calculsted or estimated. - . - ,  
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r 
Mixture ComponenL wt. 4g LlqUldW 

116 KF 79 82.30 55.8 73OoC (1346OF) 
BeF2 21 17- 70 

DEmSmrY 

SOLID AT ROOM TEMPERATURE (gm/cc) 
LI&UID (p = ~IU/CC,  T = OC) 

2.38 
p = 2.32 - 0.OOobOT 
p = 145.3 - 0.0139 LIQUID (p = lbs/ f t  3 , T = OF) 

mm VOLUMETRIC C O ~ I C I E E J T  OF LIQU~T> ~ A H S I O B  (1/0c x lo4) 1.97 
ElREbGPY, HEAT CAPACITY Al'iil HEAT OF FUSIOES 

SOLID 
Enthalpy (tal/@) 
Heat Capacity (csl/gm OC) 

Heat Capacity at 300°C (572OF) 

LIQvJa, 
Enthalpy (cal/epn) 
Heat Capacity ( c a l l s  OC) 
Heat Capacity a t  70O0C (=%OF) 

HEAT OF FWSIOIP (cal/gm) 

%-Hoot* = 
c * =  
P 
P 

a 0.27 

I$-HOoc* = 
c * =  P 
P c -  

K (BTU/hr f t  OF) 

vIscosm 
C (Centipoises) (cent %stokes ) F (lb. /ft-hr) ft2/hr 0 - 0 - 

800 2.2* (Ref.40) 1.10 1500 5.0* 00 0401 

~~OO/T'K Exponential Form (centipolses ) 1.1 = 0. O n O e  

*&notes experimental values. Other values given are calculated or estimated. 
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The summary of physical properties presented i n  t h i s  report has been compiled 

for  the various technical groups within the AIP Project who need it. Properties 

have been measured or predicted for  a large portion of the fluoride systems that 

have been of interest  t o  the Project Rhus far. 

measurements w i l l  be made fo r  new fluoride systems as they become attractive.  

It is anticipated that more 

In the meal-t%me, howeverJ fm most cases the thermal properties of such new 

fluoride systems can be estimated sa%fafac$srily f o r  preliminary design purposes 

with the aid of the correlation relations %hat have been developed. 

molten densities have been related uniquely t o  room temperature densities or 

molecular weight which can be calculated (see topical report, ORNL l7W).  

The heat capacities were found t o  be inversely proportional to the average 

molecular weight and direct ly  proportional t o  the average number of atoms i n  

For example, 

the m-we (see topical report, ~ 9 5 6 ) ~  

Topfcal reports on the vfscosity and thermal condnctfvity research on 

f luorides  are being prepared. 

molecular weight and also with molar volume along the  l ines  indicated by the 

Viscos2tfes have been found to vary with 
- 

Batchinski relation. The thermal eonductivities have been found t o  vary inversely 

with average molecular weight; In addition, PSquid thermal conductivities have 

been proportioned into atomic and ionic csntribu%ions each of which has been 

separately correlatedo 

L 
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