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ABSTRACT 

The enthalpy and specific heat of a Be2C-graphite-UC2 composite 

nuclear fuel material have been measured over the temperature range 300 -

1980 K using both differential scanning calorimetry and liquid argon 

vaporization calorimetry. The fuel material measured was developed at 

Sandia National Laboratories for use in pulsed test reactors. The 

naterial is a hot-pressed composite consisting of 40 vol % l^C, 49.5 

vol 2 graphite, 3.5 vol X UC 2 and 7.0 vol X void. The specific heat 

was measured with the differential scanning calorimeter over the tempera

ture range 300 - 950 K while the enthalpy was measured over the range 

1185 - 1980 K with the liquid argon vaporization calorimeter. The normal 

spectral omittance at a wavelength of 6.5 x 10" cm was also measured over 

the experimental temperature range. The combined experimental enthalpy 

data were fit uGing a spline routine and differentiated to give the 

specific heat. Comparison of the measured Bpecifie heat of the composite 

to the specific heat calculated by summing the contributions of the indi

vidual camperents Indicates that the specific heat of the l^C component 

differs significantly from literature values and is approximately 0.6 

cal/g-K (2.5 x 10 3 J/Kg-K) for temperatures above 1000 K. 
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I. Introduction 

Several composite nuclear fuel materials have been developed for pulsed 

reactors at Sandla National Laboratories (1-4). The most recently developed 

composite, Be2C-graphite-UC2» is designed to have better high «nperature 

performance than any of the previous fuels. This fuel is designed to 

operate In a pulsed reactor environment where high flux neutron -ulses 

result in significant thermal stresses* The inclusion of Be^C as part 

of this fuel material Is intended to give the fuel high volumetric enthalpy 

(to permit higher energy pulses and to reduce the temperature rise .luring 

the pulse) while the graphite is designed to increase the thermal src.ess 

resistance (and yield a simpler pellet geometry). This fuel should 

extend the maximum pulse temperature to 2070 K without material degrada

tion. 

The volumetric enthalpy and specific heat were originally estimated 

from published data on the specific heat of the component materials. 

This calculation should give accurate results since previous work has 

indicated that mixture calculations were valid for similar materials (3). 

However, the specific heat of the Be^C component has only been measured 

in an impure state at low temperatures (T < 1470 K) and significant 

differences exist in the literature values (5). Significant variations 

also exist in the data reported in the literature for graphite (6). 

Therefore, the goals of this experimental program were to measure the 

enthalpy and specific heat of the composite fuel and to obtain a more 

accurate estimate of the specific heat of the l^C component. 

II. Experimental Details 

Calorimeter Systems 

A differential scanning calorimeter (model DSC-1, Perkin-Elmer Corp., 

Norwalk, CN) wis used to measure the specific heat at low temperatures 
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(300 - 950 K) while a liquid argon drop calorimeter was used to measure 

enthalpy at higher temperatures (1185 - 1980 K)» A description of the 

differential scanning calorimeter is available from the manufacturer. 

The liquid argon drop calorimeter system was originally designed as 

a sensitive instrument for the measurement of high-temperature enthalpy 

of electrically conductive materials in both the solid and liquid phase 

(3,7,8). Samples were inductively heated in an inert atmosphere while 

being electromagnetically levitated to piovide noncontacting containment. 

However, the electrical conductivity of the BejC-graphite-lK^ material 

was too low to allow electromagnetic levltation; therefore, Beveral 

modifications were required to the original eyBtem and are described in 

a later section. 

The liquid argon vaporization calorimeter system consisted of an 

rf Induction furnace for heating the samples, an inert atmosphere sample 

chamber, an 800 cm glass dewar filled with liquid argon, gas flow 

Instrumentation, and a minicomputer based digital data acquisition system. 

The sample was heated in an inert atmosphere sample chamber then dropped 

tnto the dewar of liquid argon. Heat released by the sample while therm

ally equilibrating with the liquid argon vaporised a portion of the 

liquid. The resulting gas flow was measured by calibrated flow units 

and the flow data stored in the computer. The heat content of the sample 

was determined from the thermodynamic properties of the liquid argon and 

the total amount of gas released. Liquid argon was used as the working 

fluid because of its Inert properties, high sensitivity factor (ratio of 

volume change to heat of vaporization), and high "signal-to-noise" ratio 

for pressure changes (9,10). 



-4-

The samples were Inductively heated with a 20-kW induction heater 

(Lepel High Frequency Labs, New York) at a frequency of 450 kHz, Small 

solenoid-shaped colls (inside diameter -1.5 cm) were used to concen

trate the rf field. The sample was held inside the coil with a mechanical, 

point-contact holder using nonreacting (graphite) points. This holding 

mechanism was solenoid activated to allow release of the samples at the 

same moment the induction furnace was turned off. The contact area 

between the points and the sample was minimized to reduce thermal 

conduction to the sample and the resultant temperature gradients in 

the sample. The possibility of error introduced by this holding technique 

was checked by comparing the enthalpies of graphite, molybdenum, and 

tantalum measured using both the electromagnetic lev!tation and the 

point-holding techniques. The data obtained using the two techniques 

agreed within experimental error (52). The sample temperature waB con

trolled manually by varying the power level of the induction heater 

while the temperature was monitored with an automatic recording pyrometer 

(Model 8642, Leeds and Northrup). The pyrometer output was recorded 

both on a strip chart recorder and stored in the computer for later 

analysis. 

Figure 1 shows both the sample chamber and the calorimeter vessel. 

The sample chamber was connected to the liquid argon dewar through a 

high-speed, vacuum valve. This valve opened at the same moment that 

the sample was dropped and was closed by an electronic timer. The gas 

in the chamber was high purity argon and the pressure in the sample 

chamber was regulated so that no significant flow of gas took place 

between the chamber and the dewar when the valve opened. 
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A constant flow of gas was maintained through the sample chamber during 

the run to remove any beryllium outgassed from the samples* 

The Inner dewar containing the liquid argon working fluid was held 

In a thermostating dewar of liquid argon to reduce heat leaks to the 

system. The inner dewar contained a copper cup and a black, anodized 

copper mesh screen for guiding and catching the samples. A black ano

dized metal foil covered the Inner wall of the dewar and served as a 

radiation shield in good thermal contact with the liquid argon. The 

radiation shi.lds were added after it was observed that at the higher 

temperatures (T _> 1750 K) the samples did not immediately cool but con

tinued to radiate in the rapidly boiling liquid argon, resulting in sig

nificant energy loss to the system. The samples were insulated from the 

liquid by a boundary layer of the vaporized argon for several seconds 

after Initially entering the liquid. The radiation shields absorbed most 

of the radiated energy at all sample temperatures and returned it to the 

liquid argon, reducing most of the variations seen in the original enthalpy 

data. 

A magnetic stirring bar was placed at the bottom of the inner dewar 

to reduce thermal stratification in the liquid and to decrease the time 

to reach thermal equilibrium. 

An electrical calibration heater was mounted on the copper sample 

cup at the bottom of the dewar to enable absolute calibration of the entire 

Measuring system. The electrical resistance beater was wound around the 

copper block and the electrical resistance was adjusted to approximately 

1400 ohms. This resistance value was chosen so that the calibration 

power input resulted In a pressure rise similar to that observed for the 

actual samples. Separate leads were used to measure the potential drop 
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across the beater to enable a true neasure of the power input to the 

dewar, Independent of lead resistance. The current to the heater was 

determined fay measuring the potential drop across a 10 ohm oil-immersed 

standard resistor placed in aeries with the heater current l ine . Power 

was supplied by a constant current dc power supply for a preset time 

using an accurate digital electronic timer. The power input to the 

calorimeter during the calibration period was chacked several times and 

found to be constant within measurement limits* The accuracy of the 

calibration energy input was 0.052 based upon known instrument accuracies* 

Figure 2 shows a schematic of the calibration circuitry and the gas flow 

measurement system. 

The gas flow measurement system consisted of a laminar flow unit 

(50 MJ10 series, Merian Instruments Co., Cleveland, OH) and a capacitance-

type electronic manometer (Model 170K-7 indicator with a 145AH-10 head, 

MKS Instruments, Burlington, MA) for measuring the pressure across the 

flow unit. The MKS pressure head was calibrated against an accurate 

dead-weight tester over the pressure range 0 - 1 0 Torr. A calibration 

curve of the deviations between observed pressures and the actual pres

sures, curve f i t with a third-order polynomial function, was used to 

correct the pressure readings. The laminar flow unit was also calibrated 

over *-he 0 - 1 0 Torr pressure range and the flow rate curve f i t as a 

linear function of pressure. Since the measured flow 1B a function of 

temperature, the flow of gas from the calorimeter was f irs t brought to a 

known reference temperature by passing i t through a controlled temperature 

water bath. After passing through the flow unit, the argon gas was exhausted 

either into the room or to the outside atmosphere. 
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The data acquisition aysten was based upon an HP System 1000 mini

computer (Hewlett-Packard Co., Palo Alto, CA). The gas flow rate, back

ground barometric pressure, and pyrometer output vere read bv digital 

voltmeters (DVM) Interfaced directly to the computer. The computer recorded 

the DVM values and the time at which the readings were taken for latfer 

analysis. 

Sample Materials 

The Be2C-graphite-UC2 fuel material was fabricated by hot pressing a 

mix containing -325 mesh Be2C, -325 mesh graphite (GL 1008), and -325 mesh 

UC2 in a graphite die to 2050"C and 238 Pa (3450 psl) pressure. This 

material was prepared by the Materials Technology Group (CMB-6) of the 

Los Alamos Scientific Laboratory. The final product contained 40 vol X 

(39.06 w X) Be?C, 49.5 vol X (44.58 w X) graphite, 3.5 vol Z (16.36 w X) 

UC2 (0.371 g U/cm3-932 enriched), and 7.0 vol Z porosity. The final density 

was 2.49 g/cm • The microstructure of the material was characterized 

by optical microscopy. Figure 3 shews a micrograph of the sample. The 

UC2 particle sizes (white areas in figure) were less than 20 ym and 

were evenly distributed throughout the material* X-radiography of the 

composites revealed no detectable UC, migration and resulting agglomer

ation during fabrication. The calorlaetry samples were machined from a 

pressed cylinder. The differential scanning calorimeter samples consisted 

of aaall discs (0.61 cm diameter by 0.10 cm thick) and the liquid argon 

calorimeter samples were cubes (0.64 cm on a s ide) . 
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Measurement Procedures 

Eight measurements of the low-temperature (300 - 950 K) specific 

beat of the fuel mater1*1 were taken with the differential scanning 

calorimeter. The temperature measurements were based upon a calibration 

with a aeries of pure substances of known melting points giving a temp

erature accuracy of IX. Specific heat was determined with the DSC by 

recording the difference In power supplied to the sample and a reference 

material holder as a function of time and temperature. The temperature 

was scanned at a rate of 10 K/min over a 10 K range centered about the 

nominal measurement temperature* Three separate temperature scans were 

required to accurately determine the sample specific heat: 1) a blank 

scan, in which only empty sample pans were placed on the sample and refer

ence holders to measure the difference In thermal mass, 2) a scan of a 

sapphire reference sample of known specific heat, placed on the sample 

side to provide a calibration factor, and 3) a scan using the sample and 

an empty pan for reference. Data for the run was recorded directly onto 

the computer which also controled the DSC during the measurement. 

The liquid argon calorimeter was initially calibrated over a broad 

range of Input power using the electrical calibration system prior to 

any sample measurements. The heat output (&h o u C) determined by 

the measured gas flow was found to be within ± 22 of the known elec

trical beat Input (Ah l Q) over a range of 200 - 1000 calories (8.37 x 

Mr - 4.18 x 10 3J). The observed error over this range was curve fit 

with a linear function of the output heat which allowed correction of 

the measured heat output to within + 1Z of the known heat input. Cali

brations were performed frequently during the series of sample measure

ments to check for any calibration shifts. 
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The measurement procedure for either a calibration or vanpie measure-

went consisted of a 25 min background monitoring period, a 5 nin peak 

monitoring period, and a final 60 min monitoring period. The initial 

background monitoring period was used to measure the gae flow due to the 

heat leak into the dewar. The flow rate during this period was fairly 

constant and the computer recorded the flow at a rate of 15 points/tain. 

The typical background heat leak was approximately 10**3 cal/sec (4.18 x 

10 J/nec). The peak period was the interval of naximum heat input 

to the system either from the sample or the calibration heater. The peak 

flow rate during this period was over 1000 times greater than the back-

jund flow rate. During this period, the computer data rate was increased 

to 240 points/din. The final monitoring period began when the pressure 

dropped to a preset level. The computer data rate was then reduced to 

the initial rate of 15 polnta/mln. The final monitoring period continued 

for a minimum period of 60 min or until the flow rate decreased to within 

a preset level of the initial background flow rate. The barometric 

pressure in the room was automatically recorded at the beginning and end 

of each run to correct for changes in the equilibrium temperature of the 

working fluid. This correction will be discussed in a following section. 

A period of one hour was usually required after a run to allow the system 

to return to equilibrium* The computer monitored the background flow 

rate and signaled when a predetermined level of stability was achieved. 

Figure 4 shows a representative plot of pressure vs time during the peak 

monitoring interval for an actual sample measurement. The peak monitoring 

Interval 'ty •* t 2) is indicated by the arrows. 
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The sample temperature was determined from Che measured brightness 

temperature and the measured apectral emlttance of the material at a 

wavelength i • 6,5 x 10 cm. The spectral enittance of the samples was 

determined by drilling a cylindrical hole into the sample to approximate 

a blackbody cavity and measuring the pyronetrlc temperature In the hole 

and at the adjacent machined surface* The hole diameter was approximately 

D.l cm and the length/diameter ratio was approximately 5;1. This config

uration should approximate a true blackbody cavity to within 5Z (11). 

As a check of the technique, the normal spectral emittance of graphite 

was measured over the temperature range 1650 - 2200 K and compared to 

literature values (12). The measured graphite emittances (0.76 - 0.88) 

were In fair agreement (< IX) with the literature values which vary with 

surface quality by - 7X. The emlttance of the Be2C-graphite-UC2 

material was measured over the same temperature range for two separate 

samples. The emittances and tne corresponding error limits determined 

from the differences teen between the two samples are l isted in Table I. 

III. Calculations and Results 

Temperature Measurement 

The true blackbody tenperature of the samples (T) was calculated 

using an equation derived from Wien's formula, 

T(K) - |l(cm) tn(e)/l .«38 cm-K + 1 / T S H <1) 

where X " pyrometer wavelength (6,5 x 10 cm), c " .normal apectral 

•mittance. and T s * brightness temperature. The emlttance was represented 

by a linear regression fit to the data in Table I. In addition, all 

temperature measurement* were adjusted for transmission and reflectance 

losses through the quartz sighting window. 
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Specific Heat and Enthalpy 

' The specific heat data obtained with the DSC were determined by numer

ical integration vs time of the differential power :urve recorded on the 

conputer. The low~temperature enthalpy was calculated by curve fitting the 

specific heat data obtained with the DSC then Integrating with respect 

to temperature. 

The aanple enthalpy data obtained with the liquid argon calorimeter 

were computed from the measured pressure drop across the laminar flow unit. 

The pressure values were converted to mass flow using the calibration func

tion for the laminar flow unit and the density of the argon gas at the refer

ence bath temperature. The naSB flow was converted to heat flow (Q) using 

the heat of vaporization of the liquid argon at the measured equilibrium 

pressure. The heat flow WEB corrected for heat leakage rate Into the dewar 

(i) def — .-H during the initial background monitoring period. The total 

heat at* . - f"iing the peak monitoring period (tj •+ t 2) was determined 

by direc numerical integration using the trapezoidal rule. In the final 

background period, the rate of heat transfer was assumed to obey Newtonian 

cooling and was represented as a function of time t by the equation: 

Q - % - Ae~ B t (t > t 2) . (2) 

The sutured background flow was fit using a linear regression routine to 

determine the coefficients A and B. Although the background flow rate was 

approximately 1000 times smaller than the flow rate in the peak period, 

approximately 10Z of the total energy was released during the final background 

period. The total heat output was given by the equation: 
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*hottt 'f2 <<* ' * 5 d t + / " Ae-Btdt . (3) 
*1 *2 

The enthalpy was computed using this result and the mass of the sample and 

was referenced to the temperature of the liquid argon bath (•> 85 K). The 

resulting equation is given by: 

«I - H85 - i hout/° • < 4 ) 

where m - mass of the sample. The enthalpy was referenced to room temper

ature by measuring Ah o u t/m for a room temperature (300 K) sample and 

subtracting this result from values obtained at higher temperatures as 

follows: 

^T " H300 - (HT " H85> " *H300 "" H85^ " ^ 5* 

This value was corrected for systematic system errors using the correction 

factor determined from the electrical calibration (< 12)* Corrections were 

also made for the volume of liquid argon vaporized in the dewar as a result 

of heat input (< 0.52) and for changes in the equilibrium pressure in the 

dewar (< 12). 

Heat loss occured from the samples during the period of fall between the 

sample chamber and the liquid argon surface. The loss occured due to radia

tion by the sample and connective heat transfer to the argon gas. The 

radiation loss was calculated using the Stefan-Boltzmann law and the 

aeasured specific heat of the sample (13). The convective loss was calcu

lated using an engineering equation based on the heat transfer between 

spheres and air (13,14). The convective loss equation was modified for 

Lota to Ihe argon gas using known properties of argon gas (15). The total 

heat loss from the saaple during the fall period never exceeded 3X of the 

•easured enthalpy. 
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The enthalpy data obtained from the DSC and the liquid argon calori

meter were combined and fit with a spline routine over the entire tempera

ture range 300 - 1980 K (16). The Measured enthalpies and the spline fit 

are shown graphically In Figure 5 and the values are tabulated in Table 

XI. The fit to the DSC data was excellent with all deviations from the 

curve less than 0.3Z. The maximum deviation of the liquid argon calorimeter 

data from the curve was 3*57. These larger deviations were partially due 

to uncertainty in the measured temperature and possible temperature gradients 

in the sample. 

The specific heat was given by the first derivative of the spline fit 

and is shown in Figure 6 (tabulated values are listed in Table XI). As 

one check of the sensitivity of the calculated specific heat to the func

tional representation of the enthalpy, the enthalpy was fit with an alter

nate equation of the form: 

H " a + bT + cT 2 + d/T , (6) 

a representation often used to fit high temperature enthalpy data (17). 

The specific heat determined from thiB function agreed with the spline fit 

specific heat within 1.5Z for T > 700 K, while the error below this 

temperature VEB •> 5%. (The values of the coefficients used in Eq. 6 are 

listed in Table II.) This analysis suggests that the specific heat is 

insensitive to the functional representation of the enthalpy data in this 

experiment. Another possible source of error in the calculated specific 

heat was the uncertainty in the sample emitcance* A sensitivity analysis 

with respect to emittance was performed and the maximum resulting error in 

the specific beat was l,5X. The estimated total error in the calculated 

specific heat is < 5X. 



-14-

Dlscussion 

Calculation of the enthalpy and specific beat of the Be2C-graphite-UC2 

composite requires data for the specific heat or enthalpy of the three 

primary Materials (Be2C, graphite, UC 2) and the heat of mixing* However, 

only United experimental values exist for the specific heat and enthalpy 

of 6e 2C and UC 2 (5,18-20). The Be 2C has only been measured in an 

ixtpure state at low temperatures (X < 1470 K) and the specific heat 

extrapolated to higher temperatures (19)* Uncertainty also exists in 

the data for UC^ which can be affected by UC precipitation at higher 

temperatures (T > 1000 K)(18). Although the heat of mixing of these 

carbides (Ee2C and UC*) with graphite is not known, previous work has 

shown that mixture calculations are valid for other carbide/graphite 

mixtures (3). In these calculations] the heat of mixing is assumed 

to be zero. This method of calculating the properties of the composite 

will be considered valid within the uncertainty limits that already exist 

for the primary materials* Literature values of the specific heat of 

the primary materials are listed in Table III over the temperature range 

300 - 1980 K. The values for each material were curve fit with polynomial 

functions of temperature (Table IV) and integrated to obtain the corre

sponding enthalpy (Table V). 

Table VI lists the enthalpy and specific heat of the composite material 

calculated from the literature values in Tables III and V along with the 

values obtained by the spline fit to the experimental data. This table 

•hows that the experimental enthalpy deviates over 5% from the enthalpy 

calculated using the literature values while the experimental specific 

beat deviates by more than 202 at higher temperatures. The differences 
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between the l i t e ra tu re and experimental specific beat values are s i gn i f i 

cantly greater than the experimental error H a l t of 5Z and indicate a 

deviation in the temperature dependent specific Tieat of one or more of 

the components from the reported values. Although some uncertainty 

ex is t s in the value of the specif ic heat for the graphite component, a 

calculation of the composite specific heat using two separate representations 

of the graphite contribution changes the composite specific heat by less 

than 32 (6,21). Uncertainty In the specific heat of VC^ iff not a significant 

sourco of error e i ther since the UC2 contributes only * 32 to the 

to ta l composite specific heat. Therefore, the most probable source of 

er ror in the "calculated" composite specific beat i s the l i t e r a t u r e value 

for the specific heat of the BejC component. 

The specific heat of Bê C i s estimated from the experimental spe

c i f ic heat data of the composite using the l i t e r a tu re values for the specific 

heat contributions of the other two components and the known weight percent 

of BejC. The resul t of t h i s calculation i s shown in Figure 7. A third-order 

polynomial curve f i t i s shown by the solid l ine through the data points 

which approaches a value of approximately 0.6 cal/g-K (2.51 x 10 J/Kg-K.) 

for T > 1000 K. The calculated specific heat from Ref. 19 (dashed l ine) 

i s also shown for comparison. The uncertainty in th i s derived specific 

heat i s • 10% based upon assumed uncertainties of 5% in the specific 

heat of each component and the experimental values for the composite. 

The arrow at the r ight of the figure showB the classical upper l imit of 

the •oeclfic heat (0.61 cal/gm-K (2.51 x 10 3 J/Kg-K]) calculated from the 

law of Dulong and Pe t t i t and the law of atomic fractions (5). 
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The conclusions drawn froii this study for the composite fuel i^C-

graphlte-UC2 are that the addition of Be 2C results in a significant in

crease In enthalpy over previous fuels studied but that the high tempera-

ture'speciflc heat is less (»20Z at 2G00 K) than expected from data reported 

in the literature* Use of the specific heat data for Be2C calculated 

from the measured composite specific heat should improve future estimates 

of the thermodynamic properties of other Be^C composites. 
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FIGURE CAPTIONS 

Liquid *rgon vaporization calorimeter vessel and sample chamber for 

heating the samples. 

Schenatic of gas flow measurement system and calibration circuit . 

Rg - calibration heater; Rg - standard resistor for current measure

ment; RQ « dummy load resistor for in i t ia l ly setting heater power. 

Photomicrograph showing the microstructure of the Be^O-graphite-UCj 

composite fuel material. The white areas are UĈ * l ight gray i s Be2C, 

dark gray i s graphite, sad black Is void. 

Measured pressure across the laminar flow unit during peak monitoring 

period for actual sample drop, t j • beginning of peak monitoring period; 

t2 • end of peak monitoring period. 

Enthalpy, HJ-H-QQ, of the BejC-graphlte-UCj fuel material. The solid 

curve represents the spline f i t Co the data. All data for T_< 900 K 

were obtained with the DSC. Data for T 2 H85 X were obtained with 

the liquid argon vaporization calorimeter. 

Specific heat of the B^C-graph^te-lK^ composite fuel material obtained 

from the f irst derivative of the spline f i t . Tabulated values are 

l i s ted In Table II. 

Specific heat of Be£C, solid c ircles , obtained from the measured specific 

heat of the composite fuel material and the "calculated" specific heat 

contributions from the literature values of graphite and UC2. The 

solid line through the data points Is a third-order polynomial curve f i t 

given by: 

C - a + bT + cT2 + dT3 (cal/g-K) (T In K) , 

where a - -6.287 x 10~ 3, b - 1.396 x 1 0 ' 3 , c - -1.015 x 10" 6, and d -

2.342 x I D - 1 0 . The dashed line i s the calculated value given by ftef. 19 

The arrow at ll*? right Is the classical limit given by the law 

of DuloQf and Pst t l t . 



TABLE I. Normal Spectral Quittance of tH^C-graphite-lK^ at 650 rm. 

T (k) Emlttance 

1408 0.81 +0.02 
1643 0.79 + 0.05 
1786 0.77+0.04 
1885 0.75 + 0.05 
1961 0.73 + 0.04 



TABLE II. Experlnentally Determined 3ata for the Enthalpy of ^C-graphits-UCj and Spline-Fit 

Generated v;iluea for Enthalpy and Specific Heat 

Experimental*1'2> SpiIne F i t < 3 , 4 ) X Difference (From Spline Pit) 

T(K) aj-HjggCcal/g) Hf-Hjo.,) (cal/g) "*££* » 1 0° Cp(cal/g-K) 

300 0 . 0 0 . 0 — 0.212 
400 24 .2 2 4 . 3 - 0 . 4 1.272 
500 5 4 . 1 5 4 . 0 0 .2 0 . 321 
600 8 8 . 3 88 .2 0 .1 0.360 
700 125.6 125.7 - 0 . 1 0 .389 
800 165.2 165.6 - 0 . 2 0 .407 
900 206 .8 2 0 7 . 0 - O . l 0 .420 

1185 323.4 330 .6 - 2 . 2 0.444 
1241 365 .8 355 .6 2 . 9 0 .447 
1390 428 .9 422 .6 1.5 0 .451 
1498 461.7 471 .2 - 2 . 0 0.451 
1599 523.0 516 .8 1.2 0 .452 
1605 520.4 519 .5 0 . 2 0.452 
1778 598 .6 598 .0 0 .1 0.456 
1899 647 .9 6 5 3 . 3 - 0 . 8 0.460 
1922 656 .9 663.9 - 1 . 1 0.460 
1947 652.6 675.4 - 3 . 4 0.461 
1968 708.0 685 .1 3 .3 0 .462 
1980 700.4 690.7 1.4 0 .463 

( 1 ) 1.0 c a l / g - 4 .184 x 1 0 3 J/Kg-K S I u n l t a . 

(2) Data far T £ 900 K wa« obtained by curve fitt ing the specific heat data obtained on the DSC then 
Integrating over temperature. 

(3) Spline equation: Temperature range 300 - 784 K - -
Hj - H 3 0 0 - 0.2116 (T-300) + 3.268 x 10"* (T-300) 2 - 1.752 x 10"' (T-300)J 

Temperature range 784 - 1420 K - -
"T " H300 " 1 5 9 , 2 + °>'>M (T-784) + 7.235 x 10"5 (T-784) 2 - 3.812 x 10" 8 (T-784) 3 

Temperature range 1420 - 1980 K - -
"T " H300 " * 3 6 , 1 + 0-*50' (T-1420) - 3.524 x 10"' (T-1420) 2 + 1.331 x I0" 8 (T-1420)4 

(4) Fitting parameters to alternate equation of form: H (cal/g) - a + bT + cT2 + d/T (T in K) 
a - -215.5 b - 0.4312 c - 1.0312 x 1 0 - 5 d - 2.5024 x 10* 



. TABLE III. Literature Values of Specific Beat (cal/g-K) for 

Priaary Components of 6e2c~fcraphite-UC2 

T(K) B e 2 C < 5 ) Gr«phlte { 6 ) U C j ( 7 ) 

300 0 .343 0.171 0.056 
400 0 .378 0 .233 0.062 
600 0.448 0 .326 0.069 
800 0.517 0 .378 0 .073 

1000 0.585 0.412 0.076 
1200 0.652 0 .436 0.081 
1400 0.718 0.451 0.088 
1600 0 .783 0.461 0.098 
1B00 0.847 0.469 0 .110 
2000 0 .910 0.474 0 .123 

( 5 ) From reference (19). 
< 6 ) Free reference C I ) . 
( 7 ) Fron reference (20). 



TABLE IV. Polynomial Coefficents for Curve Fit to Literature 

Values of Specific Heat of the Primary Components of 

I^C-graphlte-UCj 

C (cal/g-K) - A + BT + CT2 + DT3 + ET4 (T In K) 

Craphlte ( 6 ) B e 2 C ( 5 > U C 2
( 7 ) 

A -7.92 x 10"2 8.76 x 10~ 2 0.424 0.235 2.13 x 10"2 

B 9.89 x 10"4 5.59 x 10"* 2.48 x 10"5 3.62 x 10"4 1.68 x 10"* 

C -5.22 x 10"7 -2.87 x 10"7 0 -1.22 x 10"8 -2.13 x 10"7 

D 0 [ 5.21 x 10" 1 ; 0 0 1.23 x 10" 1 0 

E 0 0 C 0 -2.26 x 10" 1 4 

(298 - 813 X) (813 - 1863 K) (1863 - 2073 K) (298 - 2073 K) (298 - 2073 K) 



TABLE V. &ithalpy (cal/g) for Prlaary Components of 

BejC-graphlte-UCj Computed from -.ire Values 

by Integration of Curve Fit Polynonla.i. Listed In Table TV 

T(K) te 2C Graphite 

0 . 0 0 . 0 0 . 0 
36.0 20.3 5.9 

119.0 76.9 19.0 
215.1 148.0 33.2 
325.2 227.2 48.1 
448.9 312.2 63.8 
585.8 401.0 80.6 
735.8 492.3 99.2 
898.8 585.3 120.1 

1074.0 679.6 143.5 



TABLE VI. Comparison of Experimentally Determined Enthalpy- and Specific Heat 

of Be^C-graphite-lK^ Computed from Primary Components 

Reported In the Literature 

" I " H 3 0 D ( c a l / g ) C p ( c a l / g - K ) 

TOO L i t e r a t u r e E*p<7> i D i f f ( S > Li tera ture E * p W Z P l f f 

300 0 .0 0 .0 0.219 0.212 - 3 . 2 
400 2 4 . 1 2 4 . 3 0 .8 0.262 0.272 3 . 8 
600 • 83 .7 8 8 . 2 5 .4 0.332 0.360 8.4 
800 155.4 165.6 6 .6 0.382 0.407 6.5 

1000 236 .2 249.6 5 .7 0 .424 0.431 1.7 
1200 3 2 4 . * 337.4 3 . 8 0.462 0.445 - 3 .7 
1400 420 .8 427 .2 1 .5 0.490 0.451 - 9 .1 
1600 523.1 517.3 - 1 . 1 0.5::7 0.452 - 1 4 . 2 
1800 631.7 608 .0 - 3 . 8 0.558 0.456 - 1 8 . 3 
2000 746.1 700.0 - 6 . 2 0.587 0.464 - 2 1 . 0 

' ' From spline f i t to experimental data. 
( 8 ) X Diff - 100 x (EXP - L1T.J/LIT. 

' " From differentiation of spline f i t . 


