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A New High-Temperature Calorimeter.
Raleigh L. McKisson and LeRoy A. Bromley

Méy 1, 1950

Abstract

A high-temperature calorimeter, designed for use in the temperature interval
 600°Ke to 1500°K., is described. This calorimeter consists of a thermostat of
molten tin surrounding a cavity in which the sample is placed. The ecalorimeter
is resistance-heated and control of the thermostat temperature to ¥1/2 °C. is
effected by means of a modified “singie-Speed floating® control. Egquations which

allow calculation of ‘the data are derived and their use explained.
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Introduction

Alloys and intemmetallic compounds represent an important group of ehgmical
substénces about which relatively little is known. While it is true that much
effcrt-haé béen.directed toward the measurement of basic thermodynamic daté pertain=
ing to alloys, one finds relatively poor agreement in the reported heats of forma-
tion. . A summary of such data was made by McKisson and Bromley(e), and it is
apparent that there is a need for work in this field. ‘

Attack of the problem of heats of formation of alloys is readily carried oub
by convenﬁidnal calorimetry, although the complications of gas evolution, reaetién
rates, and the fact that the desired result is obtained byitaking‘the small
difference of.large-numbers, frequently gives the final result a high degree of‘
inaccurAé - However, if one could measure the heat Iiberation.whén the elements
were mixed; one would bé directly measuring the desired quantity, and.although
these meééurements be 6f lower ffecision than those of conventional calorimetny,
the result might be moré[reliableo Such measurements would have to be made at
elevated témpéréturesjso that a high-temperature calorimeter must be developed.

Few calorimeters have been designea which permit the measurement of heats.bf
reaction at elefated températures°' Those which have been applied to the measurement
of heatS'df,fdrmation of inﬁermetallic compounds are the calorimeters_déscribed in
the articles Bj Biltz'ét aie(z), Khbaschewéki and Walter§5), Chipman and Grant(B),
Barber et 310(1>,'and Kawakami(d)o Biltz's calorimeter was used in solution
. measuréments of elements and alloys; and its thermostat was held at aboutb 100°C,
Kubaschewski and Walter devised an adiabatic unit using a nickel-chromium stesli
clock which could be held at temperatures up to 700°C. Heats of reaction were
measured at this temperafure with an estimated uncertainty of *2.5%. Chipman and

Gfénﬁ_used‘a high frequency induction coil as a calorimeter and were sble to measure
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the heat of solution of silicon in molteﬁ iron at a temperature of 1600°C. Bromley's
vcalorimeterg deseribed by Barber et al., was patterned after that of Chipman and
Grant;.but was constructéd on a smalier scale*o, Bromiey succeséfuliy oﬁératéd this

~ apparatus at 1150°C. " Tt was 1atér'0perated at about 600°C. yielding results with
a probable error of *6-8% in direct measurements of the heats of formation of the
intermetallic compounds NaSn and LiSn. vKaWakami'usedvan electric tube furnace as
the basis of his calorimeter, andnﬁéasured the heats of.isotﬁérmal mixing of metals
at around 700°C. | | -

- Of the calorimeters above, §n1j that of Kubéschewski seems acceptable; although
hig measurements, consisting of measuringhthe (Hp --H298)'function for elements
separately, then, measuring the same function when the elements are allowed to
‘reast, also gives the result as a difference of larger numbers. Biltzﬁs calorimeter
. is iimited t$.100000 ‘Bromley found that thé-Opération of his calorimeter was not
altogethew satlsfactory in that the power supply, an Ajax 20 kx. spark-gap converter,
was erratic and dlfflevlt to -control to the required eonstaney of power output.
'Kawakami;uses a calorimeter of very small heat capacity, and a very small thermo~
stat, so that it seems that good temperature éontrol would be quite diffieult;;

After.éh exémination-of'these ealorimeﬁers, and their.means of'measuring'thé
‘heats of formation of alloys, it was decided that the measurement method outlined
by Barber et 310(1) had promise; that is, the actual measurement of but a small
fraction of the désired heat of reaction, and conversion to the desired heat pf‘“"*
reaction by use of heat capaeity data of high accuracy. This is effected by adding
cold sampiés to a hot melt, whieh then uses a 1argé fraction of the liberated heat
in heating up the samples.

Ths 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 gramse

** private communication, unpublished work of Lo A. Bromley.
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temperature bath of molten tin, completely surrounding the sample chamber, except
for a loading tube'Openingo TheSe internal parts are surrounded by a layer"of
powdered graphite insulation whlch is. contalned in a wateracooled shello The
temperature of the bath is maintained w1thin 5L°C. of the desired equillbrium

temperatnreo

‘Derivation of Eguations

" The data ohteined.fron.the apperetns consist of a temperature-time trace of the
crncihleland its charge together with a number of checks of temperatures on this
curve from readings taken on the potentiometer (Leeds and Northrup Prec131on Poten=
tiometer)o The problen is, then, to devise a method,of calculating the heat
liberated in a reactionpnsingvthis-datao. McKisson(7) previously analysed a system
similar to.the one eoncerned here, and this derivation will follow a similisr
approacho o - o |

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

surroundings are at temperature, t 1s°
- = a-gle~(m4 - t4) + hAQ(T -t L | (1)

We can éxpand'(r4 - tﬁ)jip;te;ms.of'(rv--t),'and letting

&

we £ind, R lv.‘ o _ " '

(T4 - £4) = 42T+ 62T e 450 4 aTh ()
The:error'introdﬁced'when‘the first two terms of the expansion (Eqn. 3) are

used for. (T& - tA) in Eqno (1) cén be readily determined. In general, this error

will be less than 2% Then Eqna (3) becomes

(o by ¥ h s e2art - | (4)
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Nc»w; suﬁastituting Bqn. (1,} and Eqn. (2) into Eqn. (_1); we find,
=q =a~A‘je[4t,3AT + 6t2AT2], + hAéAT; R “ | , (5)
or ‘ L N | )
-q = (“-A;ls_ t3 + hEQ)AT + (6a¥Ale tZ)ATzo ' | (6)

The Boltzman constant, o, is a constant for all conditions. The emissivity,e,.is
a function of T, but can be considered constant during a run. The effective area
for radiative heat transfer, Ay, and £he effective area for convective heat transfer,
52, are functions of eelﬁwheighto The conveetion heat-transfer coefficient hy is
a function of melt =he1ght melt temperature, T, and AT, but the dependence on AT
is small, In spite of the varlabillty of these quantities, they can be considered
to be constant during an individual addition.

Now let |

3

(4oh et” + hay) = _P,' o (.7)

and _ ‘ , o
(60-4, €t%) = R | | S ®
 Substituting Eqn. (7) and Eqn. (8) in Eqn. (6), we find

-q = PAT +RA_T2. | | )

Equation (9) gives an expression which relates the rate of heat trahsfef from
the erucible, in calories per minute, to the temperature difference between the

crucible and the cavity, AT, through the quantities P and R. Now since

a=9, (10)

plotting q against time, © will give an area which isrproportienal to the heat
liberated in the reaction. Such a plot may'Be constructed if P and R are known:

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

Alet hA2 | (1)

P
R 60ﬁﬂ1<5t2

In Eqno (11) if we assume hA2 = 0 we can calculate the minimum value of the

ratio (P/R) ss

NN B o (12)

Equation (12) shows that the'ratie of‘P/B will be greater than 250°K. at tempera-
tures suitable for opefetienlef*the caloriheter.‘ In general, RAT® represents a
correction term in equatlon'(9),:an§ as such, it 1S not necessary that R be known to
high accuracy. With this 4in mind, we.can analyse the system by means of heat
transfer correlatlons given'by McAdams(é) and the ratio P/R can be estimated from
this analysiso The results of such an analysis are shown in Figure 1l. Detells of
this ealeulation are. given by McKlsson( ). These values are used only in estimating
R, once P is knowno The problem, then, is to dbtain the best value for P.

When no heat is be1ng liberated in the system, the express1on relatlng the heat,

Q, to the’ heat capacity of the system is:

. :;dQ é~cpar,:,~; L (1)

When Eqn. (13) is combined with Eqn. (9) and Eqn. (10), we find

B “;q =-cp %1 - PaT % RAT2 S o @)
Now, sinee '.'""3..';l'j;[i'.
AT =T t), - (2)

then -

apT =dte K o - - (15)
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Combining Eqn. (14) end Eqn. (15), and rearranging; we find -

daT

EAT + RAE2 ' Cp _ : ) S , v

Equation (16) is integrable, yielding

@ 1. P _+RAT | '
R e R | an
or,
CeecFbaTTmeR-Pre o (8

Equation (18):can be.re-written,

_.% AT , |
A RN (7, A L S (19)

Equation (19)-indicates the relation beﬁween © and AT for the system when no
reaction is taking place. Using,Eqn. (19),»we!§an‘pio# e jg@_ln T+ Ag BYAT and
draw the-bestistraight line whose slope is T(r/bp);:»In plade of AT one mgy use -
Amvo, the millivolt difference veading of the melt thermocouple over the equilibrium
millivclt_vglue. When Cp is known this yields P, and the q vs. © plotjégn.be made
as previéﬁély described. The Cp of the system can be determined from fhe»additi§n
of an inert material to the melt. _Thetprocedure:is outlined below: .. ’ _-

82) Plot the»T = © curve or the Amv. - @ curve using the daﬁa of én addition”
of an inert material (see Figure 2), an& eétimate the’average temperature of the
addition. } | _

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

: . ,
AT : AT ) s
(¢) Calculate values °fv1 T and plot In T GRS e (Fige 3)..

¥ 1If A mve is used in the expressions here written in terms of AT, then P, R and

(R/?) should be converted to the proper units. Amv can only be substituted for
AT if there is a linear relation between mv. and temperature. -
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In Figure 3, an 1neorrect choice of the true final equilibrlum temperature was
chosen fol the ealculation of the solid pointeo On such a plot if the chosen flnal
equilibrium uemperature is incorrect, a curved llue is foundo A eurve GOnvex down-
ward indlcates the equilibrium temperature was too hlgh a curve convex upward |
1ndleatee the equilibrium temperature was too low. This effect is notlced only
" when the thermostat temperature changes during the addition, and if the 1nit1al
. temperature was taeken as reference (as was the case for the solid points in Fig. 3)
then these dev1ations occur. In such cases, the lines are straightened out byv
adjuseing the equilibrlum temperature to 1ts final valuee.
N {a) Extrapolate the in —-—Y§7§SZE vs. © curve back to low values of e and
plot the eorresponulng extrapclated curve of AT vse © (Flgure 2)e
e) Estlmate Ati on the T vse e curve by adJustlng G« so that Area I equals ’
Area II (Figwe 2 S
f) Calculate the value of Cpi eorreSpondlng to Aty from the known heat content

f the 1nert mate“ial

AE

inert'g (¢

bt~ ®pine m) Aty o (20)
In Eqno (20), Cpi rt is calculated at the average temperature of the addition.
The heat capaeity, Gpi, which is operative in the warming process is larger: than the
heat eapaeity found by the method of mixtures, and it is larger by just the heat
| capaeity of the inert material addede B |
) g) Evaluate the slope of the 1n -—;f7§7§32— vs. 8 curve, calculate‘Pi from”
-this slope and the value of Cpi calculated from Eqno (20), and find the correspondw
' ing valus of R, Rig from the P/R ratio. | o | -
| h) Calculate values ofqy, |
o ‘qi = PgAT + RiATZ ‘ - (21)
end plot qg‘ueo (Figur@ 4), including values corresponding to the extrapolated

AT's from d)e
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i) Find Atii and eii on the q; vs. © eurve.in the Sémevmééner thgt A?iignd Gi
were 10¢ated on the T vs. © curve. Since areas-on'the'q vse. O plot are_equivaleﬁt
to heaf,'this procedure is equivalénfh%b fihdiﬁg the.AT_for an in;tanténeous‘tempefai"”
.ture equilibrafion when the inert métérial.is added. In geherai eii will be |
.slightly smaller than €5, and At will be slightly larger than Ats. Further, the
total area under a q vs. @ plot for an 1nert addition should be equalbtb"thé heat |
required to heat>the ineft.méterial ffém its base teﬁperatufe to the>fiﬁa1 tempera-
tureo | : | | | | l |

j) Calculate the value of Cpii usiné Aﬁii in Eqn. (20). Then calculate the
corrected values Pyy and Rsyo | | \ o

k) Evaluate the values of CP using Eqn; (21) and repeat steps h) through j)
until su&cessive calculations show P and Cp to"be constant. 'iﬁ most easesé‘it'is
not necessary to calculate Q349 since ©3 and €35 will differ only slighﬂly,vif at
1. v , : | o

The_finél values of P and Gp calculated as above apply only to the allegy melt.'
to which the inert material was added. In order that an individual heat of reactive
addition be calculable; a value of P for that particular addiﬁion is needed. The
estimation of P for any particular addltion can be effected by 1nterpolatlon between
quantities dlrectly determlned. These points must be taken: from the addltion of |
non-=reacting materiai, since this is the only way one-can'be certain thgt there are
no rate of reaction effects to’affeet ?f Anvinitialnpoint can be readiiy 6btain;d
by adding a piece of the melt métal to the crudfble‘éontaihing only this metaif
Other points must be taken by the addition of an ipert'materigle

Once the values of P for the various additioné are dbtained, the:heat éffeéts
can be readily calculated by constructing the q = 6 plot. A difficulty is énéounter-
ed in making thé q = © plot in that it is impossible to measuré an érea>0ut to

infinite time. 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 region. This derivation is explained fully by McKisson(S) and only
the result will be used here. This heat, Qj s is found to be calculable by Eqne
22, |
Q' = AT C.. S © (22)

Design

‘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 construction. The first phase usually requires the bulk of the work for equip-
ment to_be;used at room temperatﬁre, but for high temperature applications, the
second phase becomes dominant. High temperature equipment is of_neqessity_much
less complex because of the difficulty of maintaining alignment of mechanisms when
large temperature gradients are present. Further, since conventional building
materials are not suitable for use in equipment operating above 1000°C., a chal-
lenge is presented in the selection of a suitable group of materials which can
withstand these temperatures for an extended period. For these reasons, it be-
hooves a designer of high-temperature equipment to consider very earefuliy the
various chemical reactions possible at operating temperatures, and to éttain.the
greatest simplicity in any mechanisms which must function in the ?egion of high
 temperatures, or high temperature gradients.

| An extended discussion of the considerations involved in the design appears

in the thesis of McKisson(s),'and a Summafy of the conclusions follows.

The internal configuration of this calorimeter is Subject to the limitatiqns“
cutlined in the section on the derivation of equatiohso The problem is to main-

tain a cavity with a constant wall temperaiure. This can be very closely attained
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by using a'goo& heat cbnductor in a massive cavity wall sc that the large ﬁeat
capacity can absorb heat with a relatively small change invtemperaturg, and thé
rapid conduction of heat minimizes local variations in wall temperature. These
conditiqns‘Werevfulfulled by using an inner graphite chamber with wall thickness
of 3/4%, surrounded on all sides by a vat of about 70 lbs. of ﬁoltén tin (used
only when operating temperature is above 450°C.). The tin is contained in an
external graphite vat with an awerage wall thickness of 1/2" (see Fig. 5). The
composition heat dapécity is about 7000 cal/dege. C. The molten tin is circulated
by four stirrers and thus thermal equilibrium is constantly maintained.

‘ ’Tﬁe reactibn crucible is placed inside the inner chamber, and for all systems
herein'déscribed, consisted of a 1/32" wall 1 5/8" I.D. x 2.5" high molybdenum
crucible, sitting on a zircon stand (see Fig. 5). This size was chosen since it,
has a capacity of about 4 g.-mols of metal. and these crucibles are readily avail-
able. This amount of melt is sufficient to give sensible heat effects, even with -
systems in which ﬁhe heat of mixing is small, and the consumption of starting
materials is not excéssiveo |

The heating unit, which surrounds the tin vat, consists of a graphite spiral
machined from a cylinderxl/Z'indh thick, 10 1/4 inch inner diameter and 15 1/L
inch high. The cross-sectional area of the spirsl is 1/2" x 3/4" and it has an
effective length of -38.9 ft. Its resistance at room températuré is about one-half
chmo, | ‘ |

The electrical insulators upon which the heating unit rests are made of
alumina. .The insulatof=separators, which are inserted in the heating spiral every
one=third turh for support, are also made of alumina. The insulation on the
molybdenuﬁ power leads consists of cylinders of McDanel High-temperature porcelain.
These parts will limit the exﬁended period operating temperature to an estimated

1620°K. (1350°C.), and will probably limit the short-period operating temperature
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to about 1670°K. (1400°C ), since graohite attacks both alumina and porcelain at
this temperatureo ' A |

r“The calorimeter cage, Wthh surrounds the heating-unit, consists of a cylinder
of graphite, set 1nto a graphite bottom, and closed by 8 graphite tope’ The cylin-"
der has a wall thickness of 1/2 inch, a helght of 17 3/L 1nehes, and gn inner
aiameter of 12 1nches. The cage is’ supported from below by four in diameter
graphite rods. The top of the cage is tapped for the graphite protection tubes
which enclose each of the stirrer shafts and the thermocouples. The vent and the
gas inlet tube also are threaded ‘and screw into seats on the cage tOp.”ux ‘

Between the top of the inner graphite chamber and the cage t0p, an aux1liary
heating element is provided to help compensate for the heat losses in the” 1oading
tube. This heater element is a molybdenum wire, wound on an alumina core. Longer
1ife would be expected if the molybdenum mere replaced by platinnm, The loading'
tube consists of three alumina cyllnders, as shown in Fig. 4, each two inches I.D.
with a l/Z" wall and 4" hlgh. ThlS loading tube passes through the cage top and
| the insulation to the top of the calorimeters o o "

The insulation used is graphite powder, about 100 mesh Ornfiner}”'It*is'an“
excellent 1nsulator, but ‘quite messy to handle. The cage is completely.surrounded
by an eight-inch layer of thls powder. The external container for the insuldting
powder is a cylindrical GOpper shell, 29 inchesvin diameter, 35'inches"highﬁ“and‘{’“"
1/16 inoh thick upon which copper tubes are soldered to serve as ‘cooling céils:
The cooling water flow can be regulated so that the shell is cool to the touch.

The sample dispenser unit Fig. 6, rests on the top of the loading tube, and’
carries the samples to be added down to w1th1n 2% of the top of the melt vefore
dropping them into the melt. It cons1sts essentially of a 1/2" I.D. stainless-
steel tube, to which is affixed a racks A'gear‘train connectsbthe rack and an

operating crank. The sample tube runs on two sets of three ball-bearing‘gUides'
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and one can addva sample and return the tube to its rest position inpleseAthan

. two_secondso The lower end of the sample tube rests in the sample chamber tetween
_aaeiﬁiénéi "This chanber '1s eficlosed and 1s provided with ‘trio ¢1amps Which ‘can be
manipplated externaily, and has storage space for several sampleso' 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
chambero This frame rests against the wall of the loading tube, leaving enough
room for passage of the sample tube.. The lower ‘parts of the frame, the stlrrer,
and thelthermocouple.well are made of molybdenum; the upper parts are made of
Stainlessietee}tépThefauxiliary equipment consists of the main power suppiy, the
“controlwunitkﬁor tne'nain power supply, the storage vat for tﬁevtin bath'metal,
the gas. system, ‘and the reeordlng 1nstruments .

The main power supply con51sts of a 220 Vo, To5 KoVoA. Variac, whose secondary
feeds a bank ofﬁthree 431 voltage_stepfdown_transformers,.w1red in parallel.. The
output from these three transformers is wired in parallei and is fed into tpepmain
. heating coil of the calorimeter. ) | .

The control of the main power supply is obtained by varying the NVariac
setting to correct the temperature of the heating element. This. temperature is
continuously read by a Wheelco Potentlotrol unit which Operates from a thermo—
couple in contact‘w1th the main heat;ng elemento The Potentiotrol un1t 1s w1red to
control_a»reversible,motor which is geared to the Variac shaftg- When the tempera-
temperature of the heating elenent is low, the motor increases the eom.ff delivered
by the Varlac, when the temperature is high, the e.m.f. is decreased s In addition
to this control moveable limiting switches are mounted so that the maximum varia-
tion in the Varlac eom.f. can bexset to give the best degree of constancy in the
temperature cycle of the tin;batho

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

ing end-plates on an 8% extra heavy steel pipes 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 delivery
tube dischargipg into the tin batho The reverse operation is effected by the usé
of vacuum.> "

The gas system used consists of a tank of argon and a tank of helium, each
piped through manometers and drying tubes to the calorimeter. TheAdrying tube on
the argon line consists of a bubbler unit in which the gas bubbles through the
liguid alloy of sodiuym and potassium to rembve'water and oxygen. The dry argon
then flows-into the heating element region, énd also into the innef‘graphite cham-
ber, 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 ﬁnit.» Thus
the argon fills the inner graphite container displacing ang 1ighber gas -and over-
flows into the Saﬁple chamber where it meets the helium which displaces heavier gas
in the upper part of the diSpenSer unit. The sample chamber ddéé not haﬁé 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 Micrdmax controller-
recorder, the Leeds and Northrup Precision potentiometer, and a timer. In normal
operation, the NMicromax unit is used to record the temperaturenﬁime:trace”of'the
sample, the Wheelco unit controls the tinwbath.femperatufe»as preﬁiohsly aescribed,
and the poténtiometer in conjunétion with the timer is used to read the tempera-

" tures of the sample, at known times. The Micromax trace, and the pbtentidmeter—'
timer réading,'constitute the data obtained from the‘oalofimetero‘

A %hermocouple selector switch is used with each instrument so that any
thermocouple may be connected to any instrument. In addition, the Micromax unit

is Wired.so that 3% can be used to control and record the temperature of the
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heating unit, -Further, since the rangé of expected operating temperatureé eiéeeded
that of the Micromax unit and the Wheelco unit, a "buck-boost" system of eo.m.f. |
was desigheéo 'This system allows the cperétor ﬁo “boosi':" or-"b't;ck" “the é.‘m;f,"éf o
the selected thermocouple by amy amount réquired so that the resultant e.m.f. is in

the range of the instrument.

Discusgion

The overall calorimeter design proved satisfactory with but few exceptions.

It was anticipated that the problem of a suitable heating element wbuld be a diffifl
cult ons. A unit consisting of'eigﬁt 1/2" D. x 15" long globar elements in ‘
paraliel was tried first. The low resistance sections of the elements were found
%o attaék'mblybdenum, and since molybdenum was the only available material at all
suitable for use in making bus bars, elements with 15" of heating section. were used
and the ends cut off. This presented the problem of making suitable contacts. since
the contact resistance of molybdenum and the silicon carbidé rod was higher than
ﬁhe resistance of the rod. The firét.attempts congisted of trying'tqlelectrq—.
plate a thin layer of metal on the end of the rods. Nickel, chromium,;and,plaﬁinﬁm
were tried but none of these yielded a suitable plate. Then copper was ﬁried, and/
this plated on, giving a nice-looking plate, which could be covered by any‘qf.thev> {
above metals. However, 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 very
stable carbide so that this approach was successful in getting some titanium metal
to adhere firmly, and with low contact resistance between the titanium and the

silicon carbide. However, the surface was so rough that an appreciable contact
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resistamee=wae.enoOuntered between the molybdenum and the titanized end of the
silicon carbide rodo¥'fhe final contact was made by wrapping a piece of platinum
foil around the end of the titanized rod Sllpplng the wrapped end under the
molybdenum clips in the molybdenum bus bar (bus bar was laminated molybdennm,
3/4% x 3/16“ in total sectlon, and hav1ng 8 contact clips equally spaced on the
outer circumference) and then addlng a few drops of molten tin to each 301nt after
the unit was assem‘bledo The faet ﬁhat tin has a low melting point alloys w1th:_
platinum. and has | 1ow vapor preqsure makes it 1dea1 for- this- appllcatlon._ The .
Hin mel%s; contacts both the rod and the. molybdenum at the same tlme, and alloys
with the platinumg making a good oon’cact° Thls element. was. Operated at a tempera-Ef
ture of. about 600°Co in an argon atmosphere w1th a control of £1.5%C. in the tin
bath when the control thermoaouple,was placed next to one o?_the.heatingeelementsg _
However, when e mixed_atmdsbhere of argon endfﬁydrogen was used at this tempera-
ture it resulted in a break down. - Firet,‘the hydrogen gas (or possibly water |
vapom 1n the. hydrogen gas: or in the argon) attacked the gas intake port area and
norroded th1s region badlyo The lamlnated molybdenum bus bar was fastened to—.
gether wlth‘tgntalum§rivetsg‘slnce these were,moreoea31ly fabricated andidsed tham y
molybdenum;vemd tmedhydrogengattaeked‘these_rimets.to_smeh'an]extemm:thamophe'bus_ .
bar fell” apart.o Alth'éugh this, at fi‘r'st sight, seems disastrous, the bus bars .-
eould be readlly repaired by using molybdenum rivets. The molybdenum pamts them=-
selves. were practlcally unaffected except for;a.very llght surfaoeecoetimg%of v

N

oxide, presmmably MoG2

‘The second heating element trled st one of molybdenum w1reo,'The fact thet
the molybdenum attaok in the. globar unit.was 1ight gave the false impress1on that
the atm@sphere im ‘the region of the heating ‘element was relatively free of oxygene
The molybdenmm wi:e heater wa34madeloﬁco.OSOﬂ,dlameter wire9 and was opemeﬁed .
satisfactorily et_temperaturee up to 2QQ?CO However, this element wes_imedvemh

tently burned out, and upon unpacking the calorimeter it was found that the entire
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surface liﬁing the heating element region was coated with the oxide of molyb-
denum MoO3 Although, at the time, the argon ‘had been off for several days, the
destruction of the element was proof that oxygen attack was an everupresent peril
to such an elementsﬂand particularly so because of the small mass of molybdenum
involved. It beeame epparent then that a massive element was desirable, if the
materielzwere'eusceptible tO'aftack by oxygen or water vapor.

-vThe<third andbfinal heating element used consisted of a graphite spiral. This
_ element was very.successful and was operafed at 600°C. for over a month, and at
1050°C;.for'twp days. Upon examination,'after the heatings, the element proper
was‘p;edtiéaliy‘unchapged although the contaet between the power lead and the
contact tab ﬁas vefy‘péoro"The'fact that this contact was poor was noted several
days before‘breékdown;‘bpﬁlit was possible to Operafe at 600°C. for a week and at
1050°C. for tﬁo dﬁys_in spite of this partial failure. |

The run:at 1050°Ga ﬁas en aﬁtemﬁt to measure fhe heat of formation'of eerium—‘
silver’aildys but befere the run was well started, it was noted that the calori-
meter was Behaving peeuliarlyo’ The runlwas étopped and the calorimeter opened,:é;:_
when it,ﬁes hetedfthat,tﬁé inner cavity had flooded with tine
'When ihe ealérimefer‘waéuunpaéked; the difficulty was readily located. The

collar on the iﬁhef;deeity_ﬁad corroded to such an extent that the tin had run- |
over threughnfhe.top of the inner chamber and had partially filled the chambere. _
This break-down wasvthexresuit of fwo offects, the abrasion of the stirrer sup-
port wﬁose lower‘ena rested against the collar, and the greater attack by oxygeﬁ
of the'airﬂwhile fhe'parts.wére-at the higher temperature,’and the argon flow was
turned low. Duringithe operation of the calorimeter at 600°C., for a month this
attack must‘haveebeen small, but at the higher temperature which would cauee much

more vigorous conmvection currents in the loading tube, the resulting attack was

sufficient to result in breakdown.
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The difficulties mentioned above can be overcome. A new design of the con-
tact ié.desirablé, and the most promising design is one which utilizes a spring
or w@igﬁtaloaded conbact §£ larger»afééjthaﬁitﬂe previous one. The redesigned -
contact tab would have alhemispheridalidebréSsidh cut in.ii, into which a matching
hemispheie'of'mélybd@num seats.v.ThelSeéﬁ'woﬁld'be coated with siiicoh powder,
whose purpdg@:ié_t@_provide a_firm»bbndybetwéen the two maférials; since silicon
forms ailoys'Wiﬁh,melybdennm, andfformé ;ilié§n]carbide with the carbon. The
pressure on % h@ seat would maintain a good contacto | |

Slnee the diffi@ulty with the collar of the inner chamber is primarlly due
to inward»leakage'of air into. the sample_qhamper and thence into the lqading tube,
all possible sources of leakage‘must'be Corréétedeﬁ The most probable- leak is in
the asbestos gasket beiween the loading. tube. 1iner and the sample chamber.’ This
could be replaced by & sponge rubber gasket Whlch should improve the seal at this
point. TIn addition, the tube liner sections could be cemented“together.;‘A third
alteration consiste of redeéigﬂiﬁg.thersample?transfer mechahism s0 that.when-
they are in use less air'is'displaéed.byntheir;mdvementsj

It was antieipated that the cooiing éf.th¢ ea19fimeter*with-the tin bath in
place might céuse eiﬁher the_vat;pr}fhé-inner‘chambef to crack When_the-tin soli-
dified. The tin did sclidify once due to ‘the development of the:bad: connection
in the heatingﬂcqiio_ A check was mad¢ upo§;reemeiting and indications were that
neither element'craeiéde When the calorimeter was_unpacked'after1the-105d°0.
trial,'tﬁéSe conelusions were verifiedo Nb tln was present outside the vat, and
the 1eve1 of th@ solid tin in the vat was Just below the top level of the broken
part, indicating that the tin merely ran_over,the tOp-of_the.1nner_chamber, and
not through‘a.crEckp since the level in the Cﬁémber was quite a bit below the
level in.ﬁhé %atal _ , |

It éppearsg then, that the ﬁiﬁ may?be.allow9d to solidify in the calorimeter

without damage. This solves the question of whether to keep the calorimeter warm



2]
UCRL=-588

over & short period of dis-use or whether to transfer the tin to the storage vat.

A preliminary estimate of the power requirement was made before design of
the main power supply, which estimate resulted in a caloulated power requirement
of 'about 4 kw. to maintain the calorimeter at 1500°K. In.the runs at 600°C.
(STO@Ko) the power requirement was about 1.8 kw., at 1050°C. (1320°K.) the power
requirement was about 4 kw. Hence the powef supply of 7.5 kwe. will probably be
sufficient to operate up to 1300°C. (1570°K.).

The e&ﬁtfoi.system used with the grabhite'heating element was adequate in
that the temperature variation of the tin bath could be 1limited to 10;5°C° at
600°C,. .for pericds of an hour or more. An improvement might be obtained by using
a voltage regulator in the 220v. 1ineo'

;;The preliminary data for the run at 1050°C. indicate a maximum variation of
one :°Cs over a period of two hours. This degree of control is quite satisfactory
at this temperature. |

The system sodium-tin was chosen for investigation to examine the opergtion,
of the calorimeter. The results of this investigation are reported by McKisson ‘
and Bromley(lo), and on the basis of these results, it is felt that the calori-
meter operates successfully. It is of interest to note that the ealorimeter?g
use is not limited to measurements in alloy systems, but could be applied as well
to measurements of mixed oxide systems, or mixed halide systems; provided, of .
course that the system being investigated WaS-liquid below 1300°C. Further, it
should.be'possiblé to use the calorimeter for‘méasurement.of heat effects of mater-
ials which are‘not[themselves‘liquid at 1300°C., if a suitable solvent could be

found.

Conclugion

A new high-temperature calorimeter has been designed, constructed, and operated
with some measure of success. MNeans have been presented by which its faults may be

correcteds
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Definition of Symbolg

Area of crucible system for radiative heat transfer,

2
T LI S ST S -

" Area of crucible system for convective heat transfer,

Cm02

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./dege

Prefix, differential operator.

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

Heat centent at 298°K, cal./mol., kcal./mol.

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

Heat transfer coefficient for convection BTU/hr. 1.2 °Fo,

cal./mine em® °Ce

~ Natural logarithm.

Millivoltse.

Difference of mv. from the equilibrium value, millivolts.

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

cale/mine dege, cal./min. mve
First approximation of P, cal./min. deg.; calo./min. mve
Second approximation of P, cal./min. deg.; cal./min. mve
Heat, cal.

Heat in the 9tail® of the q ~ & plot, cal.
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q Rate of heat transfer, cal./mins
q First approximation of rate of heat,t?ansfer, cal./min.
qi4 . Second approximation of rate of heat transfer, cal./min.
R | ~ Parameter developed in equations, defined by Eqn. (8),

| cals/mine dege?, cale/mine. mve<
R, - First approximation of R, cal./min. deg.z, cal./min. mv.?
Rii Second approximation of R, cal./min. deg.z,

cale./min. mve>

T Temperature of crucible, °K.
AT Temperature difference, (T - t), °K.
ATO Temperature difference between a point on the ideal

region of a cooling curve and the equilibrium

~ temperature, °K.

t . Temperature of cavity,"K.

Ati First approximation of temperature drop of mixing, when
..inert mgterial is added, (T - %) at 91, °Ke

Atii Second approximation of temperature drop of mixing,

when inert material is added, (T - t) at 854, °Ke

e Emissivity, dimensionless.
e Time, min.
e, _ . First approximation to the time for the fictitious

"instantaneous™ reaction, min.
64 Second approximation to the time for the fictitious

"ingtantaneous" reaction, min.

e Time corresponding to temperature difference ATo’
mine
et Boltzman constant, BTU/hr. fte2 °F.4, cal./min. cm.?

OK.4
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