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A high=temperature calorimeter, designed for use in the temperatur: interval 

600°Ke to 1500°Ko, is describedo This calorimeter consists of a thermostat of 

molten tin surrounding a cavity in which the sample is placedo The calorimeter 

is resistance~heated and control of the thermostat temperature to ±1/2 °Co is 

effected by means of a modified "single-speed floatingn controle Equations which 

allow calculation of "the data are derived and their use explainedo 
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Alloys and intermetallic compounds represent an important group of chemical 

substances about whicll relatively little:Js knowno While it is true that much 

effort. has been directed toward the measurement of basic thermodynamic data pertain-

ing to alloy:s.9 one finds relatively: poor agreement in the reported heats of forma

tiono A summar,r of such data was made by McKisson and Bromley(9), and it is 

apparent that there is a need for work in this fieldo 

Attack of the problem of heats of formation of alloys is readily carried out 

by conventional calorimetry,~~ although the complications of. gas evolution, reaction 

rates.9 and the fact that the desired result is obtained by. taking the small 

difference of large numbers, frequently gives the final result a high degree of 

inaccuracy:o However.9 if one could measure the heat liberation when the elements 

were m:lxed.9 one would be directly measuring .the desired quantity~ and although 

these measurements be of' lower precision than those of conventic~mal calorimetry .9 

the result might be ll'\ore.reliable .. Such measurements would have to be made at 

elevated temperatures so that a high-temperature calorimeter must be developedo 

Few calorimeters have been designed which permit the measurement of heats of 

reaction at elevated temperatures. Those which have been applied to the !lleasurement 

of heats of formation of intermetallic compounds are the calorimeters described in 

the articles by Biltz et alo(2), Kubaschewski and Walter( 5)!J Chipman and Grant(3), 

" Biirber et al o (l) .9 and Kawakami(4) o Biltz n s calorimeter was used in sol uti on 

· measurements of elements and alloys$ and its thermostat, was held at about lOO~C o 

Kuba'schewski and Walter devised an adiabatic unit using a nickel=chromium steel 

clock which could be held at temperatures up to 700®C~ Heats of reaction were 

measured·at this temperature with an estimated uncertainty of ±2.,5%o Chipman and 

Gr~nt used a high frequency induction coil as a calorimeter and were able to measure 



the heat of solution of silicon in molten iron at a temperature of 1600°0. Bromley's 

calorimeter9 described by Barber et alo 3 was patterned after that of Chipman and 
. * ~ ,· 

Grant$. but was constructed on a smaller scale o. Bromley successfully operated this 

apparatus at 1150@c.** It was later operated at about 600cCo yielding results with 

a probable error of ±6~8% in direct measurements of the heats of formation of the 

intermetallic compounds NaSn and LiSn. Kawakami used an electric tube furnace as 

the basis of his calorimeter, and measured the heats t>f isothermal mixing of metals 

Of the calorimeters above, only that of Kubaschewski seems acceptable 3 ·although 

his measurements.~~ consisting of measuring .. the (HT - H298 ) ·function for elements 

s.eparately 9 then9 measuring the same function when the elements are allowed to 

.rea~t 9 also gives the result as a difference of larger numbers. Biltzus calorimeter 

is limited to lOO~~>Co Bromley found that the operation of his calorimeter was not 

altogether satisfactory in that the power supply, an Ajax 20 kxo spark-gap converter, 

was erratic .and difficult to control to the required constancy of power output. 

Kawakami uses a calorimeter of very small heat capacity, and a v~ry small. thermo

stat, so that it seems that good temperature control would be quite difficult. 

After an examination of these calorimeters, and their means of· measur:Lng the 

heats of formation of alloys, it wa's decided that the measurement method outlined 

by Barber et ale'(.l) had promise; that is, the actual measurement of but a small 

fraction of the desired heat of reaction, and conversion to the desired heat 'of 

reaction by use of heat capacity- data of high accuracyo This is ·effected by adding 

~ samples to a ~ melt, which then uses a large fract'ion of the liberated heat 

in heating up the sampleso 

Th'.6 new calorimeter consists essentially of a resistance=heated constant 

* . Chipman and Grant used a melt of 65=90 lbs .. , Bromley used a melt. of 100-200 grams. 

** Private communication, unpublished work of Lo Ao Bromleyo 



temperature bath of molten tin~ completely surrounding the sample chamber, except 

for a loading tube openingo These internal parts are surrounded b,y a layer of 

powdered graphite insulation which-is contained in a water-cooled shello The 

·temperature of the.bath is maintained withiri. 1°0. of the desired equilibrium: 

temperatureo 

Derivation of Eguations 

· The data obtained from the apparatus consist of a temperature-time trace of the 
. . . 

crucible and its charge, together with a trumber of checks of temperatures on this 

curve from readings taken ~n the potentiometer .. (Leeds and Northrup Precision Poten

tiometer). The problem is~ then, to devise a method of calculati~ the h~at 

liberated in a reaction using this data. McKisson(7) previously analysed a system 

similar t.o the one concerned here, and this derivation will follow a similiar 

approach .. 

The rate of heat transfer.from the crucible at temperature, T, when the 

surroundings are at temperature, t, is: 

(1) 

. . ~- - .· . 

We can expand (~ = t4) in te;rms of (T - t), ·and letting 

(2) 

we find.ll 

(3) 

The :error, introduced when the first two terms of the expansion (Eqn. 3) are 

used for (cr4 = t4) in . Eqn. (1) can be readily determined. In general, this error . ' . . . 

will be le.ss than 2%. Then Eqn. (3) becomes 

{.f = t4)~ 4t3LlT + 6t2LlT2• (4) 



or 

Now9 substituting Eqn. (4) and Eqn. (2) into Eqn. (1)., we find, 

=q =o-A]_E:~t36T + 6t26r2]. + hA
2

6T.9 
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(5) 

(6) 

The Boltzman constant.9o-, is a constant for all conditions. The emissivity,€, is 

a f'unc;t,ion of Ty but can be considered constant during a run. The effective area 

for radiative heat tnnsfer9 A1, and the effective area for convective heat.transfer, 

A2, are functions of melt~height. The convection heat-transfer coefficient, h, is 

a function of melt=height9 melt temperature 9 T, and 6T, but the dependence on 6T 

is small. In spite of the variability of these quantities 9 they can be considered 

to be constant during an individual addition. 

Now let 

(7) 

and 

(8) 

. Substituting Eqno (7) and Eqn. (8) in Eqn. (6), we find 

(9) 

Equation (9) gives an expression which relates the rate of heat transfer from 

the crucible, in calories per minute, to the temperature difference between the 

crucible and the cavity9 6T, through the quantities P and R. Now since 

plotting q against time, G will give an area which is proportional to the heat 

liberated in the reaction. Such a plot may be constructed if P and R are known• 

Examination of Eqn. (7) and Eqno (8) shows that the ratio of P to R can be 
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calculated asg 

(11) 

.. . .•. ·. 

In Eqn~ (11) if we: assllJil~ .hJi.:i = O, we can calculate the IilinirnUIII value of the 

ratio (P/R:) as 

( 'r!/R) . = ·.~. ... 'i .3. ' .• . m !l . (12) 

Equation (12) shows that the ratio of P/R will be greater than 250°K. at tempera

tures suitable for operation of the calorimeter. In general, R6~ represents a 

correction term in equation (9), and as such, it is ·not necessary that R be known to 

high aceuracyo With this in mind, we can analyse the system by means of heat 

transfer correlations given by McAdams(6) and the ratio P/R can be estimated from 
' . . ' . 

this analysiso The resu)_ts of such an analysis are shown in Figure 1. Details of 
' ' . 

this calculation are given: by McKisson (8 \ These values are used on:ly in estimating 

R.9 o:nce .p is known. The p;oblem., then, is to obtain the best value for P. 

When no heat is b~ing liberated.in the system, the expression relating the'heat, 

Q1 to. the·heat capacity of the system is~ 

(13) 

When Eqn .. (13) is combi!led wf~h Eqn. (9) and Eqn. (10), we find, 

. -=q = c _dd! = PAT + R/l~. 'p . .., . ' 
. ·-· . 

(14) 

Now.9 since ) . ') 

(2) 

then· .. 

d.fiT = dTo (15) 



Combining Eqn~ (14) and Eqne (15), and rearranging, we find 

1 - cr- dQ. 
.P 

Equation (16) is integrable, yielding 

9 1 P + MT 
- ... 'til ln ·-· + C C:p r t:.T . ' 

'•· 

~·· . t:.T 
Q = ~ F ln 1 + (R)P)~ - ln P +C., 

Equation (18) ·'can be ·re-written, 

. ;"·: 

• ' ' Q ... ~ ? ln 1 + (~Jp rn + ~i 0 

. ·. ,. 
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(16) 

(17) 

(18) 

(19) 

Equation (19)' indicates the relation between G and t:.T for the system .when no 

reaction is taking placeo Using, Eqne (19), we ·can plot Q. vs. ln 1 + {i/P)t:.'T and 

draw the best straight line whose slope is 7(P/Cp)• . In place of /J.T one may use 

t:.mvo~ the millivolt difference reading or the melt thermocouple over the equilibrium 

millivolt value. When Cp is known this yields P, and the q vs. Q plot· Can be made 

as previously described. The Cp of the system can be determined from the addition 

of an inert material to the melt •. The.procedure is outlined below: 

a) Plot the T ":' Q curve or the t:.rnv. - Q curve using the data of an addition 

of an ine.rt material (see Figure 2), and estimate the average temperature of the 

addition. 

(b) Refer to Figure 1 and find the value of P/R corresponding to this average 

temperature. 

* 
(c) Calculate values of 1 + (i/P)t:.T 

-==-=·=-~------------------------------------------------------~---~---------
* If 1::. mv. is used in the expressions here written in terms of t:.T, then P, R and 

(R/P) should be converted to the proper units. t:.rnv can only be substituted for 
t:.T if there is a linear relation between mvo and temperature. 
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In Figu.-e 3, an incorrect choice of the true final equilibrium temp~rature was 

chosen. for the Galculation of the solid pointso On such a plot, if t~e chosen final 

equilibri·am temperature is incorrect, a curved li~e is foundo A curve convex down-
. I • ' ,• • • ' { • ' • • • • ~ • 

ward indicates the eq~ilibrium temperature was too high, a curve convex upward 

indi~ates the equilibrium temperature was too lowo This effect is noticed only 

when the thermostat temperature changes during the addition, and if the initial 

temperature was ta.ken as reference (as was the case for the solid points in Fig. 3) 
- .,-

then these deviations occur. In such cases, the lines are straightened out bY 
adjusting the equilibrium temperature to its final value. 

(d) Ext~apolate the ln 
1 

+ (i/P)t.T vs. Q curve back to low values of Q and 

plot t.he corresponding extrapolated curve of t.T vs o G, (Figure 2) o 

e)_ Estimate 6t1 on the T vs. @ curve by adjusting @i so that Area ·I equals 

Area II (Figure 2) .. 

f) Calculate the value of Cpi corresponding to 6t1 from the known heat content 

of the. inert material~ 

_·, (20) 

In Eqno (20), Cpinert is calculated at the average temperature of the addition. 

The he~t capacity, C:p
1

, which is operative in the warming process is largertlian the 

heat cap~city' f'ound .by the method of mixtures, and it is larger by just the heat 

capacity of the inert material added. 

g)" Evaluate the slope of the ln 1 +6{R/PJ6T vs .. Q curve, calculate Pi from 

1-this slope and the yalue of Cpi calculated from Eqn. (20), and fiild. the c.orrespond

ingvalue of R.s> R19 from the P/R ratioo 

h) Calculate values of q1, 

,.qi <5 P
1

6T <{F 'R
1

6or2 
. , . 

(21) 

and plot qi VSo Q (Figure 4) 9 including values corresponding to the extrapolated 

t. T u s from d) .. 
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i) Find 6t11 and Qii on the qi vs .. Q. curve in the same ma~er t~at £\~i and 9i 

were located on the T vso Q curve. Since areas on the q vs. Q plot are equivalent 
~ . ~: ''# :· • I . . . i • . • ' ; -

to heat, this procedure is equivalent to finding the £\T for an instantaneous tempera-

ture equilibration when the inert material is added. In general~ Qii will be 
.... 

slig?tly smaller than Qi, and 6tii will be slightly larger than 6t1o Further, the 

total area under a q vso Q plot for an inert addition should be equal to the heat 

required to heat the inert material from its base temperature to the final tempera-

tureo 

j) Calculate the value of Cpii using £\tii in Eqno (20) o Then calculate the 

correct~d values P11 and Rii• 

k) Evaluate the values of qii using Eqno (21) and repeat steps h) th~ough j) 

until successive calculations show P and CP to be con~tant. · In m~st cases~ it is 

not necessary to calculate qii 1 since 91 and Qii will differ only slightly, if at 

allo 

The final values of P and Cp calculated as above apply only to the al1qr melt 

to which the inert material was addedo In order that an individual heat of reactive 

addition be calculable~ a value of P for that particular addition is neededo The 

estima.tion of P for any particular addition can be effected by interpolation between 

quantities directly determined. These points must be taken.from the addition of 

non=reacting material, since this is the only way one can be certain that there are 
·, 

no rate of reaction effects to affect P. An initial point can be readily obtained 

by adding a piece of the melt metal to the crucible containing only this rnetalo 

Other points must be taken by the addition of an inert material. 

Once the values of P for the various additions are obtained, the heat effects 

can be readily calculated by constructing the q = Q ploto A difficulty is encounter-

ed in making the q =. Q. plot in that it is impo~sible to measure an area out to 

infinite timeo However, it is simple to calculate the heat liberated from any 

.) 
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given time out to infinite time if one assumes that the curve is an exact cooling 

curve in this regiOno This derivation is explained fully by McKisson(S) and only 

t,he result will be used here o 
i . . . 

This heat, Q , is found to be calculable by Eqn. 

22, 

. (22) 

Desigp. 

The design of an instrument can be divided into two phases, the design of 

the working parts and their interrelationships, and the selection of the materials 

of constructiono The first phase usually requires the bulk of the work for equip-

ment to be.used at room temperature, but for high temperature applications, the 

second phase becomes dominanto High temperature equipment is of necessity much 

less complex because of the difficulty of maintaining alignment of mechanisms when 

large temperature gradients are presento Further, since conventional building 

materials are not suitable fpr use in equipment operating above 1000°Co, a chal-

lenge is presented in the selection of a suitable group of materials which can 

withstand these temperatures for an extended periodo For these reasons, it be-

hooves .a designer of high-temperature equipment to consider very carefully the 

various chemical reactions possible at operating temperatures, and to attain the 

greatest simplicity in any mechanisms which must function in the region of high 

~· temperatures, or high temperature gradientso 

An extended discussion of the considerations involved in the design appears 

in the thesis of McKisson(B), and a summary of the conclusions followso 

The internal ponfiguration of this calorimeter is subject to the limitations 

outlined in t.he section on the derivation of equationso The problem is to main-

tain a. cavity with a constant wall temperatureo This can be very closely attained 
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by using a good heat conductor in a massive cavity wall so that the la~ge heat 

capacity can absorb heat with a relatively small change in temperature, and the 

rapid conduction of' heat minimizes local variations in wall temperature. These 

conditi?ns· were f'ulf'ulled by using an inner graphite chamber with wall thickness 

of' 3/4~, surrounded on all sides by a vat of' about 70 lbso of' molten tin (used 

only when operating temperature is above 450@0 .. ). The tin is contained in an 

ex·ternal graphite vat with an average wall thickness of' 1/2" (see Figo 5)o The 

composition heat capacity is about 7000 cal/deg. c.. The molten tin is circulated 

by four· st.irrers and thus thermal equilibrium is constantly maintained .. 

. The reaction cruc:Lble is placed inside the inner chamber, and for an systems 

herein described, consisted of' a 1/32'! wall 1 5/8 11 IoDo x 2o5" high molybd~num 

crucible, sitting on a zircon stand (see Figo 5). This size was chosen since it. 

has a capacity of' about 4 go-mols of metal and these crucible.s are rea~ily avail

able. This amount of' melt is sufficient to give.sensible heat effects, even with 

systems in which the heat of' mixing is small, and the consumption of starting 

materials is not excessiveo 

The heating unit, which surrounds the tin vat, consists' of' a graphite spiral 

machined from a cylinder 1/2 inch thick, 10 1/4 inch inner diameter and 15 1/4 

inch higho The cross-sectional area of the spiral is 1/211 x· 3/4" ~nd it has an 

effective length of·J8.9 f'to Its resistance at room temperature is about one-half 

ohmo 

The electrical insulators upon which the heating unit rests are made of 

aluminao .The insulator=separators, which are inserted in the heating spiral eve~ 

one=third turn for support, are also made of aluminao The insulation on the 

molybdenum power leads consists of cylinders of' McDanel High~temperature porcelain. 

These parts will limit the extended period operating temperature to an estimated 

1620°Ko (1350cCo), and will probably limit the short~period operating temperature 

J 
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to about 1670°K. (1400°0.), since graphite attacks both alumina and porcelain at 
-~ ' .. ~ 

this temperature. 
•• \' ,· • '1. ( 

The cal~rimeter cage, which surrounds the heating-unit, ·cam:lists of a cylinder 
• . • ' . • • I • I . t , : . ·• !- ~ ~:. • 

of graphiteso set into a graphite bottom, and closed by' a'graphite top.· The cylin-

der has a wall thickness of 1/2 inch, a height of 17 3/4 inches, and an 'inrier 

diameter of 12 inches. The cage is support~d frombelow by-foilr 1" diameter 
r .. ' ~ ' 

graphite rods. The top of the cage is tapped for the graphite protection tubes 

which enclose each of the stirrer shafts a:qd the thermocouples. The vent-and the 

gas iDlet tube also are threaded and screw into seats on the cage top. 

Between the top of the inner graphite chamber and the cage t<;>p, an a'uxiliari 
" . 

heating element is prov~ded to help compensate for the heat losses in th~·loading 

tube. This heater element is a molybdenum wire, wound on an alumina core. 'Longer 

life would be expected if the molybdenum were replaced by platinum. The loading 

tube consists of three alumina cylinders, as shown in Fig. 4, each two inches I.D. 

with a 1/4" ~all, and 4" high. This loading tube passes through the cage top and 

the insulation to the top of the calorimeter. 

The insulation used is graphite powder, about 100 mesh or finer. It'is an 

excellent insulator, but quite messy to handle. The cage is completely surroUnded 

by an eight-inch layer of this powder. The external container for the intmi~ting 
.- . . . ' . . . . . '- ' . . . ~- ~, ... , .. I 

powder is a cylindrical copper shell, 29 inches in diameter, 35-inches high, and 

1/16 i~~h thick, . upon 'which copper tubes are soldered to serve as cooiing c6ils • 

The cooling ~ater flow can be regulated so that the shell is cool to the touch.·· 
.. r ~ • r:; '.. .. ., 

The sample dispe-nser unit, Fig. 6, rests on the top of the loacUng tube, and 
.f ·. 

carries the samples to be added down to within 2n of the top of 'the melt before 
',_. 

dropping t~em into the melt. It consists essentiali'y of a l/2i' IoD. stainless~ 
. . . . . . . 

steel tube, to which ls affixed a rack. A gear train connects the rack and an 

operating crank. The sample tube runs on two sets of three ball-bearing guides 

'; }'. '·-
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and one can add a sample and return the tube to its rest position in less than 

two seconds.. The lower end of the sample tube rests in the sample chamber between 

additi~ns: ''This :~li~mber''is 'enclosed and is provided with ;two clamps which ;can be 

manipulated externally~ and has storage space for several samples.. The clamps are 

used to transfer the samples from ·the sample store to the sample tube. A frame 

carrying a stirrer and a thermocouple well for the melt is supported by the sample 

chamber., This frame rests. agains:t the wall of the loading tube, leaving enough 

room for pas sag~ .o~ the sample tube., The lower parts of the frame, the . stirrer, 

and the,the~ocO,uple well are made of molybdenum; the upper parts are made of 

stainless , ste~~.. >The, auxiliary equipment consists of the main power supply, the 

.contr<?~, ~ni~,,;f()r ~he main power supply, the storage vat for the tin bath metal, 

the gas. system, and ,the recording instruments . 
. . ,_. •' '.. . . 

. , . The . Il)ain po:wer supply consists of a 220 v .. , 7 o 5 Ko V.oAo Variac, whose secondary 

feeds a bank of.three 4:1 voltage step-down transformers, wired in parallel.. The 

output from these three transformers is wired in parallel and is fed into tpe main 

heating coil of the calorimetel'• 

The control of the main power supply is obta~ned by varying the.Variac 

setting to correct the temperature of the heating elemento This,temperature is 

continuously read by a Wheelco Potentiotrol unit which operates from a thermo-.. '· . . . 

couple in 90ntact .with the main heating elemento The Potentiotrol unit is wired to 
' ~~ . . . 

control a reversible motor which is geared to the Variac shaf~~ When the tempera-

temperature of the heating element is low, the motor increases the eornofo delivered 

by the Variac; ~hen th~ temperature is high, the eemofo is decreased~ .In addition 

to this control, moveable limiting switches are mounted so that the maximum varia-

tion in the Variac eomofo .can be set to give the best degree of constancy in the 

temperature cycle of the ti.n bath. 

The storage vat for the tin bath metal consists of a closed vat made by weld

ing end-plates on an gu extra heavy steel pipe.. This vat is heated by a gas burner 

,) 
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system and both.pressure and vacuum are available. One can empty the vat by 

melting the tin~ and applying gas pressure~ which forces the tin out a delive~ 

tube discharging into the tin bath. The reverse operation is effected by the use 

of vacuum. 

The gas ~stem used consists of a tank of argon and a tank of helium, each 

piped through manometers and d~ing tubes to the calorimeter. The drying tube on 

the argon lin~ consists of a bubbler unit in which the gas bubbles through the 

liquid alloy of sodium and potassium to remove water and oxygen. The dry argon 

then flows into the heating element region, and also into the inner graphite cham

ber.ll providing an inert atmosphere around the heating element, and around the 

sample. The drying tube on the helium line consists of a column of phosphorous 

pentoxide. The dry helium then flows to the top of the sample dispenser unit. Thus 

the argon fills the inner graphite container displacing an~t lighter gas and over

flows into the sample chamber where it meets the hel~um which displaces heavier gas 

in the upper part of the dispenser unit. The sample chamber does not have a gas

tight seal with the loading tube and the two gasses escape throUgh this joint, and 

thus provide the calorimeter with an inert atmosphere. 

The recording instruments are the Leeds and Northrup Micromax controller ... 

recorder, the Leeds and Northrup Precision potentiometer51 and a timer. In normal 

operation, the Micromax unit is used to record the temperature~time trace of the 

.• sample, the Wh.eelco unit controls the tin=bath temperature as previously described, 

and the potentiometer in conjunction with the timer is used to read the tempera-

'- tures of the sample, at known times. The Micromax trace, and the potentiometer- · 

timer reading, ·constitute the data obtained from the calorimeter. · 

A thermocouple selectorswitch is used with each instrument so that any 

thermocouple may be connected to any instrument. In addition, the Micromax unit 

is wired so that it can be used to control and record the temperature of the 
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heating unit. Further, since the range of expected operating temperatures exceeded 

that of the Micromax unit and the Wheel co uni tj) a "buck-boost" system of e om of. 

was designed. This system allows the operator to 11boost 11 or nbucktt 'the e.'m.f. ·of 

the selected thermocouple by a~ amount required so that the resultant eemofo is in 

the range of the instrumente 

Discussion 

The overall calorimeter design proved sat~sfactory with but few exceptions. 

It was anticipated that the problem of a suitable heating element would be a diffi

cult one. A unit consisting of eight 1/211 D. x 15" long globarelements in 

parallel was tried first. The low resistance sections of the elements were found 

to attack m"olypdenum~ and since molybdenum was the only available material at all 

suitilble for use in: making bus bars., elements with 15" of heating section ... were 11sed 

and the ends cut off. This presented the problem of making suitable conta~ts.since 

the contact resistance of molybdenum and the silicon carbide rod was high,~r .~han . 

the resistance of the rodo The first attempts consisted of trying tq electro.

plate a thin layer of metal on the end of the rods. Nickel, chromiu:n, :and platinum 

were tried but none of these yielded a suitable plate e Then copper was tried, and.· 

this plated on, giving a nice=looking plate, which could be covered by any. of the 

above metalso Howeverj) the contact resistance of such plated contacts was not 

appreciably lower than that of the molybdenum=silicon carbide contact and. this 

approach was abandoned. 

The next approach consisted 'of dipping the ends of the rods into a crucible 

of molten titanium metal. This metal alloys with silicon and also forms a ver,y 

stable earbide so that this approach was successful in getting some titanium metal 

to adhere firmlyj and with low contact resistance between the titanium and the 

silicon carbideo Howeverj) the surface was so rough that an appreciable contact 

j 
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resistance was encountered petween the molybdenum and the titanized end of the 

silicon carb:Lde rod.- The final contact was made by wrapping a piece of platinum 

foil around the-end of the titanized rod~ slipping the wrapped errdunder the 

molybdenulrt clips in the molybdenum bus ba;r _ (bus bar was laminated molybdenum, 

3/4'~~ x 3/16tv·fnt~~'ot~1 :-section, and having S contact clips equally spaced on the 

outer circumf'eret1ce) and __ then adding a.- few drops of molten tin to ,each joint _after 

the unit was ~ssembled. The-fact that tin has a low melting point.ll alloys with 

platinum and h~s ·a_ low. vapor pressure makes _it ideal for th:i-s-applic_ation. The_ 

tin melts; conta~ts :both the rod and the mol~denum at. the same time~ and.alloys 

with the platinum, making a good contact. _-This element_ was operated a_t a tempera!"" 

ture of ap out 600 °C o ·in a11 argon a trno sphere with a control o~ ±1. 5 °C o in the tin 

bath when. the control thermoc~ouple was placed next. to one of the heating elements. 
-

However, when a jllixed atmosphe:re of argon and hydrogen was used at this tempera- _ 

ture it resulted in a break down.. F;irst_, the hydrogen gas (or possibly water 
, 

vapo1· in the hydrogen gas- or in, the argon) attacked' the gas intake port a:r~a and 
' . .. . .. . . ' .. ' ' 

~orroded this region.badlyo The laminated l!lolybdenurn bus bar was fastened· to

gether with t1:mtalum rivetsS> since these were more. easily fabricated and. used than 

molybdenum, and the hydrogen_attacked these rivets to such an:extent that. the bus 

bar fell- apar:to -Although. '!:,his, at first sight, seems disastrous.9. the bus bars 

could be readily. repaired by using molybdenum rivets o The molybdenum p~rts them:-. 
' ' . ' ' ' 

selves. were .pr~ctiGB:lly unaffected except .for a very light surface C()aM,ng, of 
···.; . 

oxide, p1'9srunably Mo02 o 

The s~ce>nd heating ·element tried was one .of' molybdenum wire o .· The fact that 

the molybdenum attack in the globarunit- was light gave the- false impression that 

the ·atmosphere in the_ region of the heating element was relatively fre~ of oxygen. 

The molybdenum wire hea.te:r: was made of 0.050". diameter wire 51 and WE!S oper~ted 
• ' • I • ' ,; • • • ' • 

satisfactorily at temperatures up t•o 209@0.. However, thi.s. element was .inadver-
~ .. '• . 

t,ently burned out.$1 and upon unpac:king the calorimeter it was f'oun~ that the entire 
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su:r;face lining the heating element regionwas coated with the oxide of molyb-

Although, at the time, the argon had been off for several- days, the . . 

destructio~ of the element Y_VBS ~roof that oxygen attack was an ever-present peril 

to such an element~·and particularly so because of the small mass of molybdenum 

i.nvolvedo It became apparent then that a massive element was desirable, if the 

ma.te.rial. were susceptible to attack by oxygen or water vaporo 

TJ:le third and final heating element used consisted of a graphite spiralo This 

element was very successful and was operated at 600°Co for over a month, and at 

1050°Co .for two dayso Upon examination, aft~r the beatings, the element proper 

was practically unchanged although the contact between the power lead and the 

contact tab was very pooro The fact that this contact was poor was noted several 

days before breakdown, but it was possible to operate at 600°Co for a week and at 

1050°Ce tor two days in spite of this partial failureo 
. . 

The run at 1050°Co wa~ an attempt to measure the heat of formation of cerium-

silver allqys but before the.run was well started, it was noted that the calori-

meter was behaving peculiarlye The run was stopped and the calorimeter opened, 

when it was noted that the inner cavity had flooded with tino 

'When the calorimete.r was unpacked, the difficulty was readily locatedo The 

collar· on the inner ·cavity had corroded to such an extent that the tin had run· 

over through the top of the inner chamB~r and had partially filled the chambero 

This break-down was the result of two ef'fects, the abrasion of the stirrer sup

port whose lower'end rested against the collar, and the greater attack b.Y oxygen 

of the.air while the parts were at the higher temperature, and the argon flow was 

turned lowe During the operation of the calorimeter at 600°Co, for a month this 

attack must have been small, put at the higher temperature which would cause much 

more vigorOus convection currents in the loading tube, the resulting attack was 

sufficient to result in breakdown. 

~· , .. 

J 
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The difficulties mentioned above can be overcome.. A new design of the con-

tact is desirable 9 and the most promising design is one which utilizes a spring 
·. . . . .. ' 

or wei'ght .. loaded contact of larger area than the previous one.. The redesigned 

contact tab would have a hemispherical depression cut in it, into which a matching 

hemisphere of· molybdenum seats.. .The sef!.t WOuld· be coated with silicon powder, 

whose purpose is to provide a firm. bond'between the two materials9 since silicon 

forms alloy~ with molybdenum.\) and form~, silicon .carbide with the carbon.. The 
·.' 

pressrure on the seat w.ould. maintain a good contact .. . ' 

Since the difficulty with the collar of the inner chamber is primarily due 

to inward leakage of air into the sample charn'Per and thence into the l9ading tube, 
. . ' 

all possible sources of leakage must be correctede The most probable le.ak is in 

the asbestos gasket between the loadi:rgtube liner and the sample charnbero. This 

could be replac~d by a sponge rqbber gasket which should improve the seal at this 

point.. In addition.\) the tube liner seot~ons could be cemented together. A third 

alteration consists of redesigning the.sample transfer mechanism so that when· 

they are in use less air ~s displaced by .:t.he.ir movemento 

It was antieipated that. the cooling of the calorimeter with the tin bath in 

place might cause either the vat o~·the inner chamber to crack when the tin soli• 

dified.. The tin did solidifY once due to the development of the: bad,·connection 

in the heating coilo A check wa~ made upon re':"'melting a!td indications were that 

neither element cracked.. When the calorime"ter was unpacked after the 1050°0. 

trial 51 these conclusions were ,verif'J:ed.. No t.in was present outside the vat, end 
-~ 

t.\ the levef of the solid tin in the. vat wa~ just below the top level of the broken 

part 51 indicating that the tin me:rely ran over.the top of the inner chamber, and 

not through a crack 9 since the level in the chamber was quite a bit below the 

level in the wate 

It appears 9 then9 that the tin may be allowed to solidify in the calorimeter 

without damageo This solve~ the question of· whether to keep the calorimeter warm 
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over a. short period of dis~use or whether to transfer the tin to the etorage vato 

A preliminary estimate . of the power requirement was made before design of. 

the main power· supply~ which estimate resulted in a calculated power requirement 
. . . . ' . \ \ .. . 

of 'about 4 kw'o to maintain the calorimeter at 1500°Ko In the runs at 600°Co 

(870°Ko) the power requirement was about 1.,8 kwoj at 1050°C. (1320°Ko) the power 

requirement was about 4 kwo Hence the power supply of 1.5 kwo will probably be 

sufficient to operate up to 1300°C. (1570°Ko)o 

The control system used with the graphite heating element was adequate in 

that the temperature variation of the tin bath could be limited t,o ±Oo5°Co at 

600°Co .for periods of an hour or moree An improvement might be obtained by using 

a vol.tage regulator in the 220vo linee 

:;The preliminary data for the run at 1050°Co indicate a maximum variation of 

one -~Cd over a period of two hours.. This degree of control is quite satisfactory 

at this temperat~reo 

The. system · sodfum-·tin was chosen for investigation to examine the operation 

of the calorimetero The results of this investigation are reported by McKisson 

~nd Bromley(lO) ~ and on the ba<3is of these resultsj it is felt that the calori= 

meter operates successfully" It is of interest to note that the calorime~erns 

use is not limited to measurements in alloy systems.9 but could be applied as well, 

to measurements of' mixed ~ide systems.9 or mixed halide syst.ems' provide_d 9 of 

course that the system being inv~stigated was liquid below 1300°Cg Furtherj it 

should. be possible to use the calorimeter for measurement of heat effects of mater-

ials which are not themselves liquid at 1300°Co.9 if a suitable solvent could bE? ,~1 

found .. 

Conclusion 

A new high=temperature calorimeter has been designed~ constructed~ and operated 

with some measure of success.. Means have been presented by which its faults may be 

correctedo 
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Area of crucibie system for radiative heat transfer, 

.. ~ .. ~- . ' ' 2 . em •... , 

Area of crucible system. for conve.ctive· heat transfer, 

cm.2 

Constant of integration. 

Constant. 

Heat capacity at constant pressure, cal./deg. 

First approximation on heat capacity of system, cal./deg. 

Second approximation on heat capacity of system, 

cal./deg .. 

Heat capacity of inert material cal./deg. 

Prefix, differential operator. 

Heat content at T, calo/mol., kcal./mol. 

Heat content at 29S°K9 cal./mol., kcal./molo 

Heat content change of inert material, cal .. /mol., 

kcal./mol. 

Heat transfer coefficient for convection BTU/hr. ft. 2 °F., 

calo/min. cm2 °Co 

Natural logarithm. 

Millivolts. 

Difference of mv. from the equilibrium value, millivoltso 

Parameter in developed equations, defined by Eqn. (7), 

First approximation of P, cal .. /min .. deg .. , cal./mino mv. 

Second approximation of P, caL/min .. deg., cal./min. mvo 

Heat, cal. 

Heat in the ~1 taili1 of the q - ~plot, cal. 

f 
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l. 

T 

t.T 

t.T 
0 

t 

Rate of heat transfer, cal./min • 
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First approximation of rate of heat.transfer, cal./min. 

Second approximation of rate of heat transfer, cal./min. 

Parameter developed in equations, defined ~ Eqn. (8), 

cal./mino deg.2, cal./min. mv.2 

First approximation of R, cal./min. deg.2, cal./min. mv.2 

Second approximation of R, cal./min. deg.2, 

cal./min .. mv.2 

Temperature of crucible, °K. 

Temperature difference, (T - t), °Ko 

Temperature difference between a point on the ideal 

region of a cooling curve and the equilibrium 

temperature, °K. 

Temperature of cavity, •K. 

First approximation of temperature drop of mixing, when 

inert material is added, (T - t) at ei, °K. 

Second approximation of temperature drop of mixing~ 

when inert material is added, (T - t) at Qii' °K. 

Emissivity, dimensionless. 

Time, mino 

First approximation to the time for the fictitious 

"instantaneous" reaction, min. 

Second approximation to the time for the fictitious 

"instantaneous" reaction, min. 

Time corresponding to temperature difference t.T , 
0 

mino 

Boltzman c'onstant, BTU/hr. rt.2 °F.4, cal./min. cm.2 

°Ko4
o 
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