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SUMMARY 

"he enthalpies and heat capacit ies of seventeen fluoride mixtures i n  

the l iquid state have been determined using Bunsen Ice Calorimeters and 

copper block calorimeters. 

f luorides of two o r  more of the following metals: 

sium, beryllium, zirconium, and uranium. The enthalpies and heat capacit ies 

of most of these mixtures were studied i n  the so l id  state also. E s t i m a t e s  

of the heat of fusion have been made. 

been developed which represent the enthalpies and heat capacit ies of the 

fluoride mixtures i n  the l iquid and i n  the so l id  state. 

The fluoride mixtures were composed of the 

lithium, sodium, potas- 

General empirical equations have 
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INTRODUCTION 

For a number of years the enthalpies and heat capacit ies of various 

fluoride mixtures have been determined by the ORNL Physical Properties 

Group for  the purpose of predicting the heat t ransfer  character is t ics  of 

these mixtures. This report  i s  a compilation of the data previously re- 

ported i n  the form of memoranda. Equations have been formulated so that 

the enthalpy and heat capacity may be predicted from the composition. 

In  a sense t h i s  i s  a progress report  since these properties are being 

determined presently fo r  other fluoride salt mixtures. 
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EXPEFtIMEZTAL METHOD 

Samples of the fluorides heated t o  constant and uniform temperatures 

were dropped in to  calorimeters. 

of the  samples a t  the furnace temperature and at the f i n a l  temperature of 

the calorimeter were measured by the calorimeters, The derivative of the 

enthalpy with respect t o  temperature yielded the  heat capacity, 

The differences between the heat contents 

The design of the furnaces and of the Bunsen Ice Calorimeters has 

been described previously (1,2). 

Calorimeter w i l l  be given i n  a forthcoming ORNL report. 

vestigation both apparatuses have been modified from t i m e  t o  time. 

br ief  descriptions which follow describe the apparatuses used at  present. 

A full description of the Copper Block 

During this in- 

The 

The samples of the  fluorides were contained i n  tapered metal cap- 

sules, 2 1/2 inches long and 1 1/4 inches average diameter. 

were sealed by he l ia rc  welding i n  an i ne r t  gas f i l l ed  drybox to avoid 

possible contamination with water, oxygen, and carbon dioxide. 

The capsules 

Capsules containing the  samples were heated i n  6 inch long s i l v e r  

l i n e r s  centered i n  tube furnaces 24" long. 

f'urnaces were measured by platinum - platinum-rhodium thermocouples 10- 

cated i n  the s i l ve r  l i n e r s  and were held at the  desired l eve l  by "Simply- 

t r o l "  controllers,  After the capsules had reached the temperature of the  

furnace, they were dropped in to  the calorimeters by e l ec t r i ca l ly  fusing 

The temperatures o f  the  
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the short  pieces of wire on which they were suspended i n  the furnaces. 

This process of heating a sample and dropping it in to  the calorimeter w i l l  

subsequently be referred t o  by the descriptive work "drop". 

I n  the Bunsen Ice Calorimeter the heat l iberated by the sample i n  cool- 

ing from the temperature of the furnace t o  tha t  of the calorimeter melted 

some of the i ce  i n  an ice-water mixture. 

accompanied by a volume change which was  measured by a system of burets 

connected t o  the ca lor imter .  Each m i l l i l i t e r  change was equivalent t o  

878.7 calories.  

The change from i ce  t o  water w a s  

The t o t a l  amount of heat measured by the ice  calorimeters varied from 

1,000 t o  over 30,000 calories.  

measurements was signif icant ly  less when large amounts of heat were l iber-  

ated. Although the i ce  calorimeter i s  i n  general a very precise device 

(3,4), it is fe l t  that when large amounts of heat m e  l iberated,  a non- 

isothermal s t a t e  can ex i s t  giving r i s e  t o  poorer precision. A copper 

block calorimeter was developed t o  remedy this  d i f f icu l ty ;  it w a s  found 

that t h i s  new calorimeter w a s  characterized by far greater precision when 

high quant i t ies  of heat were released than w a s  the  case f o r  the i ce  calori- 

meter. 

which now yie ld  data at a re la t ive ly  high ra te .  

It w a s  found that the precision of the 

Two copper block calorimeters were placed in to  regular service, 



In the copper block calorimeter the heat liberated by the sample heated 

a large mass of copper. 

an iron-constantan thermopile (12 junctions i n  the copper and 12 Junctions 

i n  an i ce  bath).  

The temperature rise of the copper w a s  measured by 

The copper block w a s  contained i n  a s ta in less  s t e e l  she l l  

which was  submerged i n  a water bath. A potentiometer controller activated by 

another thermopile maintained a zero temperature difference between the copper 

block and the water bath t o  minimize any heat exchange between the copper 

block and i ts  surroundings. 

calor ies  per mil l ivol t  by making "drops" with aluminum oxide. 

of aluminum oxide is  w e l l  known (4).  

within - + O.54&. 

The copper block was calibrated i n  terms of 

The enthalpy 

The precision of the calibration i s  

The least squases method was used t o  determine an equation which repre- 

sented the experimental data. 

i ce  calorimeters exhibited enough sca t t e r  so that only a l inear  relationship 

between the enthalpy and temperature was found t o  be significant;  therefore, 

the reported heat capacit ies were not temperature dependent. But the more 

precise r e su l t s  obtained with the copper block calorimeter could be repre- 

sented by a def in i te  quadratic relationship,  

temperature dependent. 

The enthalpy determinations made using the  

Thus the heat capacity w a s  

The individual experimental enthalpy values t h a t  were obtained using a 

copper block calorimeter fo r  the drops of mixture No. 70 are listed i n  

Table 6 and are shown i n  Figure 1, 

with the ORNL copper block calorimeter. 

The re su l t s  are typ ica l  of those obtained 
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EXPERlMENTAL RESULTS 

The enthalpy and heat capacity equations obtained are l i s t e d  i n  Table 

2. 

with the temperature range over which these properties were studied, and 

the  heat of fusion at the reported melting point (5)(6)  a re  shown i n  t h i s  

table.  

The type of calorimeter used, the enthalpy and heat capacity together 

The enthalpies and heat capacit ies of a few salt mixtures have been 

determined by other laboratories. A comparison between the results ob- 

tained at O m  and the outside laboratories are l i s t e d  i n  Table 1. A t  

the  National Bureau of Standards (7) the enthalpy of mixture No. 12 i n  

the l iquid state between 454’ and gOO°C was found t o  be 

= 15.0 + 0.4910T - 4.63 x 10-5T2 cal./g. HT - *ooc 

and for mixture No. 40 i n  the l iqu id  state between 520’ and 9OO0C. 

+ - HOOC = 4.2 + 0.3137T - 3.765 x 10-5T2 cal,/g. 

A t  the  Naval Research Laboratory (8) the enthalpy of mixture No. 12 

i n  the so l id  state between 30° and 455OC was found t o  be 

% - HwOc = -7.99 + 0.264T + 7-25 X W 5 T 2  cal./g, 

and i n  the l iquid state between 4550 and 900°C 

% - H 3 0 ~ c  = -32.98 + 0.7278’111 - 4.962 x 10°4T2 

+ 0.381 x l0-%3 - 1.199 x lO”1oT4 cal./g. 

I n  Table 1 7.99 cal. has been added t o  the enthalpies determined by the  

Naval Research Laboratory so tha t  a l l  enthalpies would have the same base 

temperature of OOC. 
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TABLE 1 

Checks with Other Laboratories 
Ebthalpies cal./g. 

Heat Capacities cal./g. OC 

Mixture No. 12 

ORNL NBS NRL 
Tempegature Ice Calorimeter 

C % - *O0C P 3 - Hoot P % - Ho°C P 
C c C 

100 
200 
300 
400 
500 
600 
700 
800 
900 

25.5 
55.5 
87.5 

121.5 
256.8 
302.1 
347 -4 
392 -7 
438.0 

9 2 9  

9 31 
33 

9 35 
4 45 
45 
45 
45 
45 

27.1 
55.7 
85.7 

117.2 
248.9 .445 255.0 
292.9 435 299.8 
336*0 .426 343 9 2 
378 2 .417 385 6 
419.4 .408 427.2 

.278 
293 

.308 

.322 
0457 
.440 
.429 
.420 
.411 

Hfusion 95.4 99.0 

Mixture No. 4.0 

ORNL NBS ORNL 
Tempegature Copper Block Ice Calorimeter 

C Sr - HO°C P HT - P % - Hoot P C C C 

600 178 7 .266 178.9 269 182.7 25 
700 205.2 .266 205.3 .261 207.5 * 25 
800 231 . 8 .266 231.1 253 232 9 3 25 
900 258.3 .266 256.0 .246 257 * 0 25 



The comparison shown indicates t ha t  the enthalpies obtained at OmL 

with the i ce  calorimeter d i f fe r  from those of the other laboratories by a 

maximum of 5$> and heat capacities d i f f e r  by a maximum of 

comparison i s  available for  the O M L  copper block calorimeter, 

pies  deviate with a maximum of 1$. 

e; a% the extremes i n  the temperature rmge studied (the melting point 

and gOO°C) the heat capacity dffference was as great as 8$, 

Only one 

The e n t h d -  

A t  700°C the  hea% capacity differed by 

Most of the mixtures studied were near eutect ic  composition, and m e l t -  

ing took place isothermally or  over a very narrow temperature range, 

mixture, No. 82, melted over a wide range of temperature (-375 

Figure 2, 

the  l iquid compared favorably with the enthalpies i n  the l iqu id  state of 

the other zirconium base mixtures (Table 4). 

8 heat of fusion simiEm i n  value t o  the other mixtures which w a s  absorbed 

i n  the melting process. 

melting, 

ing point, 

of the l iquid w a s  similar t o  the values of the other zirconium fluoride 

mixtures 

One 
0 

t o  545'C), 
This w a s  a zirconium fluoride base mixture. The enthalpy of 

This indicated tha t  them w a s  

Mixture No, 21 did not exhibit an isothermal 

This m i x t u r e  w a s  not studied i n  d e t a i l  below the reported melt- 

The ml%ing behavior is believed similar t o  No. 82, The enthalpy 

One mixture, No, 3s containing 60 M$ BeF2, exhibited a glass-l ike 

behavior, 

enthalpy temperature curves) of the a l k a l i  f luoride mixtures, However, %he 

enthalpy of No. 3 i n  the l iquid s t a t e  i s  much lower than the l iquid enthal- 

pies  of the  other mixes (Table 

heat of fusion, 

The BeF2 mixtures resembled those of heat capacit ies (slopes of 

Presumably there is  l i t t l e ,  if any, 

Q 
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DISCUSSION OF RESULTS 

It is of i n t e re s t  t o  f ind general relationships between the enthal- 

pies  and heat capacit ies of the various fluorides. For most of the so l id  

elements the  heat capacity at  constant volume i s  equal t o  3R or 6 cal.PC 

per gram atom. 

same value as a l i m i t  which i s  reached at normal temperatures for most 

elements (9).  

greater, being about 6.4 cal .  /"C per gram atom (Dulong and P e t i t ' s  l a w ) .  

The Debye equation also predicts correctly the heat capacity of some com- 

pounds, these being the compounds tha t  c rys ta l l ize  i n  the  cubic system. 

The equation may be modified t o  predict  compounds that do not c rys ta l l ize  

i n  the cubic l a t t i c e .  

of a compound is  approximately equal t o  the sum of the atomic heat capac- 

i t i e s  of i t s  constituent elements. 

The more modern theories of Einstein and Debye have the 

A t  constant pressure the heat capacit ies are found t o  be 

In  1865 Kopp suggested that the  molar heat capacity 

In the case of l iquid compounds which have no def in i te  groups of 

atoms or radicals,  it has been found empirically t h a t  each gram atom con- 

t r ibu tes  approximately 8 cal./OC t o  the molar heat capacity of the com- 

pound (10). 

i n  the SO4 

case of the hydroxides the average heat capacity i n  the l iquid state is  

7.0 cal./g, atom OC (2) .  

I n  general i f  there are def in i te  groupings o f  atoms (such as 
- - 

and OH- ions),  the  average heat capacity w i l l  be less. In the 
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In  order t o  find the contribution per gram atom the average molecular 

weight and the average number of atoms per mixture are needed, The aver- 

age molecular weight has been successfully used i n  correlating the densi- 

t ies of the l iquid fluoride mixtures (ll),, The quantit ies are defined as 

follows : 

- a = f  xi a, 

where E = average molecular weight of mixture 

N = average number of atoms per mixture 
- 

Mi = molecular weight of component 

'i 
x 

= number of ions per component 

= mole fract ion of component i 

When the enthalpy of a mixture i n  uni t s  of calories per gram i s  multiplied 

by Rp the product i s  the enthalpy per gram atom, The heat capacity per 

gram atom be found i n  the same way. Table 3 lists the heat capacit ies 

per gram atom of a l l  the  mixtures investigated together with the values of 

M, and 
- 

Figure 3 shows the  relationship between the  heat capacity i n  gram un i t s  

In  t h i s  figure with the logarithmic i n  the l iquid state and the factor  EDe 
scales the s t ra ight  l i nes  drawn represent the equation 

cP (Efi)(cP) = const = 
0 where c = heat capacity, cal,/g, C P 

0 = heat capacity, calo/g,  atom C cP 
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The fluoride mixtures ma;y be correlated best by dividing them in to  two 

groups: those that contain zirconium fluoride, and those that  do not. 

The latter w i l l  be referred t o  as the alkali fluoride mixtures. 

Zirconium Fluoride Mixtures 

The enthalpies i n  cal./g. atom of the zirconium base mixtures are 

l i s t e d  i n  Treble 4, Most of the mixtures studied. i n  this group consist  of 

sodium and zirconium fluorides with a l i t t l e  or  no uranium fluoride,  

following equations were developed t o  represent these mixtures (Nos. 30, 

The 

31, 40, 44, 70) .  

4 , - - 2 5 c  

cP 

In the so l id  

-3 2 H 0 = -123 + 5.37T + 0.81 x 10 T 

= 5.37 + 1.62 1 0 - 3 ~  

= 5.86 at 3moc 

and i n  the l iquid 

-3 2 - H O -104 + 9.51T - 1.0 x 10 T 
- % -25c  

cp - 9.51 - 2,0 10-3, 

= 8.11 at 700°C 

The enthalpies calculated by these equations are also l is ted i n  Table 4. 

The enthalpies of lgos. 30, 31, 40, 44, 70 are  represented by these equa- 

t ions  t o  within 2$ and a l l  the zirconium fluoride base materials t o  within 

104. 

sented t o  within 15$ except f o r  Mixture No- 33, with a heat capacity of 

The heat capacity of all zirconium f luoride base materials are repre- 
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10-9 cal./g. atom OS. The cause of the high heat capacity of this mix%ure 

is unknown. Since the temperature range in which this mixhre was studied 

in the liquid state was small (610' - 9WoC) and therefore subject to more 
error, it is planned to check the enthalpy of this mixture with the more 

accurate copper block calorimeter. 

The heat of f'usion of these mixtures varied between 1570 to 2040 

calories per gram atom with an average of 1810 c a l ,  

Alkali Fluoride Mixtures 

!The enthalpies in cal./g. atom of the alkali fluoride base mixtures 

are listed in Table 5. Most of mixtures studied consist of alkali fluorides 

with uranium fluoride. Two mixtures contain beryllium fluorided The follow- 

ing equations represent all these mixtures. 

In the solid, 

H o = -340 + 6.76~ %--25c 
c = 6.76 
P 

and in the liquid 

HT =25 H o c =AHf - 1610 + 9.47" (4 )  

cp = 9.47 

Because the he& of fusion varied greatly (from 0 to 1970 cal,/go atom) the 

heat of a s i o n  had to be included in the equation representing the liquid 

to give a satisfactory correlation. The enthalpies calculated by these equa- 
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t ions  axe a lso  l i s t e d  i n  Table 5. 

culated by the equations from 200°C and higher agreed within 10s except 

f o r  Mixture No. 3 at 300°C. 

of a glass and therefore would be expected t o  deviate from the others. 

The heat capacit ies of the  so l id  agreed within 6$ of the equation, 

l iqu id  the enthalpies observed agreed within 5$ and the heat capacit ies 

within 1%. 

For the so l id  state the enthalpies cal-  

This i s  the  mixture that indicated formation 

In the 



-17- 

FUTURE WORK 

I. 

of complex compounds might increase the heat capacity of the  l iquid.  

these complex compounds should be deconrposed between the  melting point 

and the upper temperature at which the l iqu id  w i l l  be used, the heat re- 

quired for decomposition would increase the heat capacity of the l iquid.  

A t  present various mixtures i n  the sodium fluoride-zirconium fluoride 

system are  being measured t o  determine the relationship between heat 

capacity and composition. 

so l id  state i n  t h i s  system. 

The ORNL Physical Properties Group has suggested that the presence 

If 

Complex compounds are known t o  ex i s t  i n  the  

11. 

other zirconium fluoride mixtures w i l l  be measured using the more accur- 

ate copper block calorimeter. 

The heat capacity of m i x t u r e  Ho. 33 which is at variance t o  the 

111, 

w i l l  be determined. 

As new mixtures are developed, t h e i r  enthalpies and heat capacit ies 
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TABLE 2 
Enthalpies and Heat Capacities 

Mixture Caz1orimet;er Temperature Enthalpy = HT - H (caL./g.) 
Heat Capacity = cp (cal./g, OC) 

Heat of Fusion = AHf 

OC 

(caL/g,  

1 

2 Ice 24Oo-48O0 Solid HT - Hoot = -1 + 0.14gT 
cP = 0.15 

5w0 Fusion Nf = 30 
5~0-10000 Liquid % - ~ O C  = -13 + 0,230T 

cp = 0.29 

3 

II l2 

Ice 280'- 10 500 Glass % - %oc = -43 + 0.315T 
Liquid cP = 0.32 

W. D. Powers 
G. C, BlaSock 

CF 51-9-64 

I 
I-J 
Y 

Ice 6oo-4540 Solid % - q o c  -2.6 + 0.271T + 9.8 x 10m5T2 CF 54-5-160 

cp = 0.27 + 19.6 x 10'51: 
= .330 at 3OO0C 

CF 53-7-200 

.. 



TABLE 2 (Conl te )  

Enthalpy = HT - H ( C d , / g * )  
Heat Capacity = c (cal./g. OC) 

Heat of Fusion = Af$ 

Solid 

(cal .  /g. ) 

HT - HOOC = -9 + 0.310T 
cP = 0.31 

Fusion BHf = 88 
Liquid €IT - &JOC 21 + 0.437T 

cp = 0.44 
Liquid* HT - Rooc = -14.5 + 0.27Tf 

cP = 0.28 

Solid HT - H250c = -18.0 + O.215T 
cp = 0.22 

Mixture CaXorimeter Temperature 

14 Ice gOo-45O0 

452' 
500°-10000 

Ice 21 

., 

30 Ice 340'- 500' 

5m0 
Copper 5 400- 89 40 

Copper 5 4O = 4880 31 

510° 
546'-899' 

33 Ice 

*See discussion page 12 

280°-6100 

Mem by: 
W. D. Powers 
G. C. Blalock 

CF 53-5-113 

CF 52-11-103 

Fusion = 56 
Liquid HT - H250c = -3.3 + 0.3178T - 4,28 x 10 -5 T CF 55-5-87 I 

I\) cp = 0.3178 - 8.56 x lOo5T e 
= 0.258 at 700°C 

CF 55-5-87 -5 2 Solid HT - H250C= -4,4 + O.1798T + 2.69 x 10 T 

cp = 0.1798 + 5.38 x 10"5T 
= 0.196 at 3Oooc 

Fusion AHf = 60.8 
Liquid % - IX250cz -9.8 + 0.3508T - 5.39 x 10 " 5 8  

cp = 0.3508 - 10.79 x 
= 0.275 at  700°C 



TABm 2 (Con'%,) 

EnthaLpy 

Beat of Fusion = D H f  

= HT - H (caL/g,  ) 

(calo/g, ) 
Heat Capacity = cp (c&il./g, OC) 

Mixture Ca%or%meter Tempesa%ure 

33 Ice  6100 
6100-930' 

39 
L 

40 

44 

d 70 

Ice  90O-610O 

610° 
653'-924' 

Ice 70'- 520' 

5 a 0  
Copper 571O-884' 

Ice  26O0-4gO0 

Copper 137O-5030 

530° 

Fusion 
Liquid 

Solid 

Fusion 
Liquid 

Solid 

Fusion 
Liquid 

AHf = 42 
HT - %oC = -39.0 + 0.270~ 

cP = 0.27 

cP = 0.17 
+ - QOC = -2.9 + 0,172T 

AHf = 42 
HT - Hpc = 22.3 + O,l99T 

HT - & 5 0 ~ =  -4-6 + 0.182~ 
cp = 0-20 

cP = 0.18 
AHf = 63 

HT - H250c= 14*8 + 0.2656~ 
cP = 0.266 

Solid % - %oc = -4 , l  + 0 , 1 8 9 ~  
cP = 0.19 

Fusion AHf = 63 

A Memo by : 
W, D, Powers 
G. C. Blalock 

CF 53-XL-128 

CF 54-8-135 

CF 54-10-140 

I 

CF 55-5-87 F;' 

CF 54-5-160 

Liquid % - Hoot = 34,5 + 0.235T 
cP = 0.24 

cp = 0,1596 + 10.29 x 
= 0,190 at 300' 

Solid % - H250c= -2.7 + 0,1596T + S015 x CF 55-5-88 

Fusion A &  = 57 



TABLEd 2 (Can't.) 

Enthalpy % - H ( ~ d . e / g ~ )  Memo by: 
W. D, Powers 

Heat of Fusion = AHf (cal./g, ) Go C. Blalock 1 Heat Capacity =, cp (c&L./g. oc> 

CF 55-5-88 Liquid HT - H250c= 2*2 + 0.3033T - 3.24 x 10 -5 T 2 

Solid* HT - H250c= -9.5 + 0.2304 + 4.Q7 x 10 -5 T 2 

Liquid HT - Q50c= -25.9 + 0.4314T - 7.42 x 10 -5 T 2 

cp = 0.3033 - 6.47 x lom5, 
= 0.258 at 700°C 

cp = 0.2304 + 8.14 x 
= 0.255 at 300' 

cp = 0.4314 - 14.85 x lom5, 
= 0.327 at 7OO0C 

101 

102 

Copper 

Ice 

98O-363' 

582°-g000 

97O-594O 

645' 
655'-9160 

Copper 107°-4660 

492' 
532O-893O 

Solid @ - %oC = 0.22Tf + 17 x lom5$ 
cp = 0.227 + 33 10-5, 

= 0,326 at 300% 
Fusion A H f  = 56 
Liquid @ - %oc = -68.9 + 0.531T 

CF 54-8-135 

I 
Iu 
Iu 
I 

cp = 0.53 
Solid HT - Hpjoc= -9.38 + 0.2817T + 3.82 x CF 55-8-8 

cp = 0.2817 + 7.64 x 
= 0.305 at 30O0C 

Liquid HT - H250c= -30.85 + Os5839T - 10,28 x loP5$ 
cp = 0.5839 - 20.56 x 

= 0.440 at 700°C 

Fusion mf = 93 

*See discussion page12 



TABLE: 2 (Can't,) 

Mixture Calorimeter Temperature Enthalpy = HT - H (cal./g.) 
Heat Capacity = cp (cd./g. OC) 
Heat of Fusion =AHf ( c a u 3 *  1 

-5 2 103 Copper 12To-465O Solid % - Q5oc= -5.8 + 0.234T + 4,9 x 10 T 
cp = 0.234 + 9.7 x l f 5 T  

= 0.263 at 300°C 

500- Fusion AHf = 68 
5 63O-882O Liquid HT - %50c= -88.3 + 0.657T - 19.7 x lo”? 

-5 cp 0.657 - 39.3 x 10 T 
= 0.382 at ~ O O O C  

Memo by: 
W. D. Powers 
G. C. Blalock 

(2 55-5-88 

I 
fu 
W 

I 

*56OoC is the  reported melting point. The major break i n  the 
enthalpy-temperature relationship i s  at 500OC (2 10’). 



gABEF: 3 
Heat Capacities 

Mixtaure Component Mole 
Per cent 

Average Average 

Weight of Atoms 
Molecular Number 

R E 

Ratio 
M 
I 

- 
B 

cP 
C d . / g .  atom OC 
Solid Isquid 

300' 7OO0C 

1 

2 

3 

12 

14 

NaF 
BeF2 
uF4 

76,o 
12,o 
12.0 

75 25 2.480 30.34 6,44 9.86 

NaF 
KF 
UFq 

121 . 01 2,825 42.83 6.38 9 985 

85.82 3 * 050 25.0 
60.0 
15.0 

28.14 8.86 

46.5 
11.5 
42,O 

LiF 
BaP 
KF 

41.29 2,000 20.65 6.81 9.35 
I 

F 
I 

LiF 
NaF 
KF 
uF4 

44.5 
10.9 
43.5 
1.1 

44.85 2 033 22.06 6 ,  a4 9.64 

21 4.8 
50.1 
4 L 3  
3.8 

L12.12 3.353 33.44 9.26 

NaF 
ZrF4 
uF4 

50 .o 
46.0 
4.0 

ll0.48 3.500 31.57 

50.0 
50.0 



TABLE 3 (Con't.) 

cP cal./g. atom OC 
Solid Liquid 

w 300° 700°C 

Mixture Component Mole Average Average Ratio 
ti Per cent Molecular Number 
- Weight of Atoms - - 

M N 

141.32 3.500 40.38 6.70 10.90 33 N a F  
QF4 
uF4 

50.0 
25.0 
25 .O 

65.0 
15.0 
20.0 

39 Na;F 115 . 20 3.050 37.77 6.50 7.52 

106.73 3.410 31.30 5.70 8.33 40 53.0 
43.0 
4.0 

44 53* 5 
40.0 
6.5 

109.77 3.395 32* 33 6.11 7-60 

I n> ul 
I 70 N a F  

ZrF4 
w 4  

56.0 
39 * O  

5.0 

104.44 3.320 31.46 5.98 8.12 

82 LiF  
N a F  
ZrF4 
uF4 

55.0 
20.0 
21.0 

4.0 

70 35 2 750 25.58 6.52 8.36 

101 LIF 
NaF 
uF4 

57.6 
38.4 
4.0 

43 63 2.120 20.58 6.71 10.93 

io2 

103 

LiF 
KF 

50.0 
50.0 

42.02 2.000 21.01 6.41 9.24 

52 90 2.m 24.95 6-56 9.53 48.0 
48.0 
4.0 

LiF 
KF 
uF4 



Mixtures NO. 30 No, 31 

Composition (Mole Percent) 

LiF 
N U  

4 

Temperature 

100 
200 
300 
400 
500 
600 

500 
600 
700 
800 
900 

50.0 50.0 

46.0 50.0 
4-0 

410 
970 

1550 
2150 2150 
2830 2760 

5430 5420 
6250 6260 
7060 7040 
7830 7840 

1780 1820 

TABLE 4 
Enthalpies of Zirconium Base Mixtures 

No. 40 No. 44 No. 70 Equations No. 82 
(1) (2) 

53.0 53.5 56.0 

43.0 40.0 39.0 
4.0 6.5 5.0 

55.0 
20.0 

21.0 
4.0 

EnthaJ.-py (cd. /g. atom) = - g 5 0 c  
Solid 

430 430 420 360 
1000 980 980 980 

1560 1620 
2150 2870* 

1570 1550 1570 
2140 2160 2180 
2710 2770 2830 2760 4140* 

Liquid 

5460 5520 5420 5450 5270 
6290 6280 6250 6270 6130 
7120 7040 70 50 7070 6950 
79 50 7800 7830 7850 7730 

1970 2040 1790 * 
Heat of Fusion (cal./g. atom) 

Ro. 2 1  

4.8 
50.1 
41.3 
3.8 

* 

394w 
4860 
5790 
6720 
7640 

* 

No* 33 

50.0 

25.0 
25.0 

1190 
1860 
2530 
3200 

5950 
7040 
8130 

1700 



TAB= 5 
Enthalpies of A l k a l i  Fluoride Base Mixtures 

No. 101 No. 102 No, 103 No. 1 No. 3 Equations Mixture No. 2 No. 12 No, 14 
 omp position (Mole Percent ) ( 3 )  (4) 
LiF 46.5 44.5 57.6 50.0 48.0 

KF 26.0 42.0 43.5 50;o 48.0 
Ne;F 46.5 11.5 10.9 38.4 76.0 25.0 

m4 27.5 b.3- 4.0 4.0 12.0 15.0 
?# 49 BeF2 12.0 60.0 
?I 

Temperature Enthalpy ET - a 5 0 c  (cal. /g. atom) 

Solid 

loooc 400 360 380 400 450 

300 1730 1670 3.730 1590 1650 1720 
400 2370 2370 2410 2290 2300 2390 
500 3010 3070 3080 
600 3910 

200 1010 1040 950 1020 1070 

Liquid 

500 5160 53-70 4950 
600 5180 6090 6140 5940 5860 
700 6160 7020 7100 6110 6880 6860 
800 7150 7960 8070 7mo 77843 7 7 a  
900 8130 8890 9030 8290 8640 8570 

1290 1970 1940 1160 1960 16go 

Heat of Fusion (cal./g. atom) 

*The heat of fusion is t o  be added t o  these values. 

t 

1680 
2350 

640 

1330 
2220 

glass 

3100 
3990 
4870 
5760 
6650 

glass 

340 

1690 
2360 
3040 
3720 

1010 

I 
[\3 
4 

I 

3120+ 
4070" 
5020* 
59709" 
69 10* 
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Capsule 
z 102 
z 101 
z 101 
z 201 
z 102 
z 101 
z 101 
z 101 
z 102 
z 101 
z 102 
z 102 
z 101 
z 102 
z 101 
z 101 
z 102 
z 101 
z 101 
z 101 
z 102 
z 101 
z 102 
z 101 
z 102 
z 101 
z 101 
z 102 
z 101 
z 101 
z 101 
z 102 
z 102 
z I01 
z 101 
z 102 
z 102 
z 101 
z 101 
z 101 

w&:$$ 

TABLE 6 
Experimental Enthalpies - Mixture No. 70 

Temperature *C 

137 
137 
137 
2l.l 
2u. 
2u. 
234 
237 
237 
254 
254 
304 
308 
358 
358 
360 
393 
393 
450 
502 
502 
503 
528 
531 
555 
555 
5 59 
567 
567 
589 
589 
590 
592 
594 
643 
646 
690 
692 
6 9 5  
747 

Enthalpy * - E3593 c d * / g *  

Observed Calculated 
18.0 18.6 
18.0 18.6 
18.3 18.6 
32.2 31.7 
33.2 
33.6 
35.4 
35.4 
36.2 
39.4 
40.3 
49.3 
48.4 
58.8 
59.4 
60.4 
6603 
66.4 
77.7 
88.8 

31.7 
31.7 
35.9 
36.5 
36.5 
39.6 
39.6 
49 .O 
49.8 
59.5 
59.5 
59 -9 
66.4 
66.4 
78.0 
88.8 

88,8 88.8 
89-6 89.0 
ll2,4* 
125 7* 

157 4* 
158 e 4* 

156.w 

162.0 
162 . 2 
167. 5 
167 e 8 
167.9 
168,6 
169.6 
183 4 
184.0 
194.1 
195.1 
1940 6 
208~2 

162.1 
162.1 
168-0 
168.0 
168.2 
168,8 

182 2 
183 e 0 

169.3 

194 a 4 

209.0 

Enthalpy 
Difference 

-0.6 
-0.6 
-0.3 
0.5 
1.5 
1.9 
-05 
-1.1 
-0.3 
-0.2 
0.7 
0.3 
-1.4 
-087 
-0.1 
005 
-0.1 
0-0 
-0*3 
000 
0 .o 
0,6 

-0-1 
0.1 
-0.5 
-002 
-0.3 
-0.2 
0.3 
1.2 
1.0 
-0.3 
0.2 
-1.1 
-0.8 
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Capsule 

z 102 
z 101 
z 101 
z 101 
z 102 
z 101 
z 101 
z 102 
z 102 
z 101 
2 102 
z 101 

Temperature OC 

747 
747 
79 7 
798 
798 
849 
850 
850 
886 
888 
890 
892 

TABLE 6 (Conlt.) 
Enthalpy 

HT - ~350,, c d - / g 0  

Observed Calculated 

208.4 
a9.7 
222.0 
222 3 
221.6 
234 e 8 

235.8 
234.8 

244.2 
245.0 
243.2 
245.6 

*These values not used i n  least squares analysis. 

209.0 
209.0 
221.7 
222.0 
222.0 
234 7 
235.0 
235.0 
243.8 
244 . 3 
244.8 
245.3 

Enthalpy 
Difference 

-0.6 
0.7 
0.3 
0.3 

-0.4 
0.1 

-0.2 
0.8 
0.4 
0.7 

-1.6 
0.3 


