
Publisher’s version  /   Version de l'éditeur: 

Review of Scientific Instruments, 33, 11, pp. 1641-1644, 1968-01-01

READ THESE TERMS AND CONDITIONS CAREFULLY BEFORE USING THIS WEBSITE. 

https://nrc-publications.canada.ca/eng/copyright

Vous avez des questions? Nous pouvons vous aider. Pour communiquer directement avec un auteur, consultez la 

première page de la revue dans laquelle son article a été publié afin de trouver ses coordonnées. Si vous n’arrivez 

pas à les repérer, communiquez avec nous à PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca.

Questions? Contact the NRC Publications Archive team at 

PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca. If you wish to email the authors directly, please see the 

first page of the publication for their contact information. 

NRC Publications Archive

Archives des publications du CNRC

This publication could be one of several versions: author’s original, accepted manuscript or the publisher’s version. / 

La version de cette publication peut être l’une des suivantes : la version prépublication de l’auteur, la version 

acceptée du manuscrit ou la version de l’éditeur.

Access and use of this website and the material on it  are subject to the Terms and Conditions set forth at

Calorimeter for simultaneous measurement of thermal properties and 

dimensional changes
Antoniou, A. A.; Litvan, G. G.

https://publications-cnrc.canada.ca/fra/droits

L’accès à ce site Web et l’utilisation de son contenu sont assujettis aux conditions présentées dans le site

LISEZ CES CONDITIONS ATTENTIVEMENT AVANT D’UTILISER CE SITE WEB.

NRC Publications Record / Notice d'Archives des publications de CNRC:
https://nrc-publications.canada.ca/eng/view/object/?id=7a282e73-ee48-469a-aeb1-9ea62f55a372

https://publications-cnrc.canada.ca/fra/voir/objet/?id=7a282e73-ee48-469a-aeb1-9ea62f55a372







-1. A. A x ~ o ~ r o n *  AXD G. G. L I T V ~ X ~  

Nalional Research Colr?zcil, Olluzua, Canndu 

(Ileceivetl 1 l'ehruary 1967; and in final form, 10 July 1967) 

.I calo~irneler is described for the sin~ulLaneous measuremenl of the heat capacity and length changes of 

ai)sorbenL-adsorbate systems betnecn +25 and -45°C. The heat capacity of sodium chloride bet\vccn 0 and 

-28°C is given and is found lo agree n i th  previous results \\illliii 0 6yA. The calorirnc~er is also suitable for studies 

of heals of atlsorption and solid state reactions such as hydration and phase transition 

I I the study of surfaces, rnost investigations are carried to provide an optical path, and (b) provisions had to be 

I X o u t  by measuring a single parameter at  a time.  or- nladc for easy asseinbly and disasse~nbly for eschanging 

relating the results obtained from isolated investigations the specimen and adjustinent of the estensometer be- 

of the same system inlplies that the state of the adsorbent tween runs. For this latter reason the calorimeter was 

and adsorbate is uniquely clefned by the usually ineasured made of two parts and an O-ring used to form the seal. 

parameters, temperature, pressure, surface area, and ad- These recluirements resultecl in a calorinleter vessel with 

sorbed amount, but this is not always the case. The an unfavorably large heat capacity conlpared with that  of 

history of the system or even the rate a t  which changes the systein to be investigated and, therefore, high pre- 

are brought about may have a lnarked effect on its prop- cision 1iras demailded in tenlperature measurement and 

erties. I t  is most desirable, therefore, to measure simul- temperature control of the environment. I n  addition, the 

taneously as many properties as possible, one of them temperature controls had to be reliable for long periods 

preferably specifc heat, because of its fundamental nature. of time because equilibrium could only be reached in a 

I n  view of this, the detailed description of a calorimeter period of hours. Consequently, it required a period of 2 to 

in which thermal properties and dimensional changes of 3 weeks to cover a temperature range of 40". During this 

solids can be measured simultaneously seems to be time the tenlperature of the system had to be controlled 

warranted. I t  has been used successfully for phase change with precision, a t  times without supervision. 

studies of adsorbates between -40 and +5°C,1,2 but it is 

also suitable for studies of heat:, of adsorption ant1 solid CALORIMETER ASSEMBLY 

state reactions such as hydration. 
The calorinlcter vessel C (Fig. 1) which contained the 

iample h was surrounclecl by an  adiabatic envelope D.  The 
EXPERIMENTAL 

platinum resistance thermometer E was attached to a 

'l'he caloriineter was of the adiabatic type, which is reference block F outside the envelope and the asse~nbly 

the best suited for e\periments of long duration such as 

reaction stuclies. For the measureinent of clinle~lsional 

changes, a Tuclrcrman optical estensoincter (made by 

.lminco) best met the recluirelnents of high sensitivit-, 

relatively sinall heat capacity, and easy adjustability. 

The extensoineter is essentially an optical level in 

corporating two mirrors oriented a t  right angles to each 

other, one of which is fi\-ed and the other (lozenge) 

rotatable. A light beam generated in the Tuclcerman 

autocollimator is incident on the fi\-ecl mirror, reflected to 

the rotatable mirror and baclr to the autocolliii~ator 

telescope. The positioil of the image on the reticule scale 

is a function of the lo~enge rotation caused by the dimen- 

sional changes of the specimen. 

The calorimeter design diflerecl froill thc conventional in 

a t  least two aspects: (a) Windows had to be iilcorporated 
- K  
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was enclosed in a second envelope (;, \vhic11 is called the 

shield. 4 similar design was used by Osborne and Ginn ing~ .~  

The whole assembly was enclosed in the vessel I and 

was iinmersecl in an ethyl alcohol bath. The shield, the 

envelope, and the calorimeter wcre constrilcted of two 

parts so that  the lower ones could be removed without 

greatly disturbing the electrical miring. 

The size of the calorimeter4 C \vas determined by the 

size of the san~ple A (70X 1 0 x 5  mm), and the extensom- 

eter B (30X 15x15  min). I t  was spun of brass, had a 

wall thickness of 0.025 c111, ancl a volume of 290 rill. The 

vacuum seal between the upper and lower parts \\as 

attained by the flanges L and a silicon rubber O-ring 

(Armet Industries 205A), which proved to be satisfactory 

in the working temperature range. I n  order to keep the 

inass of the calorimeter as snlall as possible a special 

ring clainp of two halves with a I' cross section was used 

instead of bolts (Fig. 2). By tightening the screws U, the 

circumference of the ring was reduced, pressing the ilangcs 

together. 

The upper part of the caloriilleter contained a 3.75 cm 

diam quartz window J (Fig. 1). The edge of the glass was 

platinized and then scaled to the vessel with Silastic 

cement. The calorinleter could be evacilatecl and vapors 

adinitted through a stainless steel tube H. 

A Tilclierman optical estensometer and sample were 

mounted on a copper holder I<; a set of vanes improved 

the heat transfer. 

The envelope D (Fig. I), and the shield G, were inade of 

brass, 0.040 cm thickness, in two parts. They were held 

together by a sliding joint, a and b. The envelope and the 

shield were therinally shunted by a ring M. 

The reference blocli: F ITas machined of brass ancl the 

heater wire was wound in a recessed cavity C. Copper 

shiins were placed between the windings to improve heat 

conduction. The platiilunl resistance therinometer E was 

housed in a copper sleeve, which was soldered to the bloclc. 

Both the reference block and the shield n-ere suspended 

from the lid of the outer vessel I by Ba1i:elite spacers N. 

The B & S 36-gauge constantan heater wire Iva 

\vouncl and attached with Glyptal resin to the outer 

of the upper and lower parts of the calorimeter. 

covered with aluminuill foil to reduce radiation 1 

then baked a t  150°C. The resistance value of the h 

280 Q. The heater of the envelope and shield w 

in a si~nilar fashion. 

The copper and constantan wires of the ther 

were B & S 36-gauge insulated wit11 silk. Their length nas  

approsiinately 13 cill between the calorimeter and en- 

velope and 12.7 cin betneen the calorinleter and reference 

blocli. The ends of the wires were twisted and soldered 

with thermal-free solder to 0.0025 till thicli small copper 

shims, which wcre attached to the alulllinilm foil with a 

thin coat of Dorv Corning Silastic 731. This method 

proved to be not only convenient, but  also satisfactory, be- 

cause of the Silastic's excellent bonding strength over 

the range of temperature changes, and because of its very 

good electrical insulating properties. As the 1-~wer part 

of the caloriilleter had to be rcmoved between runs, the 

thermocouple junctions 11 ere detached by applying the 

clean tip of a soldering iron, which caused practically no 

change in the amount of solder on the shims. The surface 

of the calorinleter was divided into seven ther~llal zones 

and the shinls of the thermocouples 11 ere placed in each 

one, thus averaging the temperature of the total surface. 

The lead wires of the calorimeter heater were thermally 

attached to the stainless steel tube R for a length of 15 cm. 

The tenlperature along the tube mas controlled with heater 

a t  d so that heat exchange with the calorimeter along these 

leads was prevented. All the other leads were thcrnlally 

I IG. 3. Section of ca101imete1-cnvclopc 
control chart. il-lorc-pcriod, B-start of 
run, C-entl of run and s t a t  of aftcrpcriod. 
Thc  smallcst tlivision rcplescnts 0.002 Co 
temperature dilfercncc. 

N. S. Osborne and D. C. Ginnings, J. Rcs. Natl. Bur. Std. 39, 
453, RP 1841 (1947). 

"he term calorimeter is reserved for only the vessel, C, and the 
whole asscmbly, from A to G, is referred to as the calorimeter 
assembly. 



anchored to the upper part of the shield, then to the lid of outside the vessel, I a t  cl. This prevented not only heat 

the outside vessel and ied through a vacuum seal formed flow to and froin the calorimeter, but  the forination of a 

in a glass tube with Picein was. cold spot that  could have resulted in the distillation of the 

adsorbate froin the specimen. 

TEMPERATURE MEASUREMENT AND CONTROL The temperature of the bath was controlled by a live- 

The temperature of the calorimeter was deternlined by 

measuring the temperature of the reference block and the 

difference between that  and the caloriineter. A Leeds and 

Northrup platinuin resistance therinoineter (calibrated by 

the Division of Applied Physics, Kational Research 

Council, Canada) was used in conjunction with a L ancl 

N inodel G-2 Nueller bridge. A seven-junction copper- 

constantan thermopile measured the temperature dif- 

ference; the emf nras amplified with a Keithley inodel 149 

microvoltn~eter. The anlplified output activated a sensi- 

tive relay5 operating a t  1.5 nliZ ancl heatecl the reference 

bloclc wit11 high or low current. The apparent temperature 

difference betrveen the blocl; and the calorimeter was less 

than 0.0001 CO. 

Adiabatic collditions w r e  achieved by an on-off type 

of control systenl governed by a seven-junction copper- 

constantan therinopile between the calori~neter ancl the 

envelope. The emf oi the thernlopile was ainplified and 

fed into a Speedomas 0.1 nlV recorder. The slidewire shaft 

of the recorder ecluipped with a control clisl; actuated a 

inicros~vitch in the heating circuit. By proper adjustment of 

the low and high heating current, the temperature dif- 

ference between the envelope and the caloriineter was 

fO.OO1 CO. Figure 3 s h o ~ s  the type of control achieved 

during a run. 

Isothermal conditiolls along the tube were maintained 

by a high-low type control. Again, a seven-junction 

copper-constantan thermopile between thc calorinleter and 

points of the tube sonle 8 cnl away froin it served as a 

sensing element. The einf was amplified by a Leeds ancl 

Northrup inodel 9835B microvolt amplifier and ied illto a 

transistor relay circuit%hown in Fig. 4. By supplying 

an additional bias from a dry cell, it  was arranged that 

f 0.3 FV was sufficient to operate the relay. The heater 

controlling the temperature along the tube was placed 

Relay model SV-lC-2200D, made by the Advance Electronic and 
Relay Co., meets this requiremeilt. 

Part of the circuit was developed I)y J. H. McGuire, NRC, which 
is gratefully acknowledgecl. 

junction copper-constantan thermopile between the bath 

and the caloriineter and the emf was anlplified again by 

a Leeds and Northrup inicrovolt amplifier, and its output 

fed into a relay circuit siinilar to that used for controlling 

the teillperature of the tube. By appropriate selectioil of 

the applied bias voltage, the temperature difference be- 

tween the bath and the caloriineter coulcl be maintained 

a t  a selected value. 

The energy input was deterinined conventionally by 

measuring the voltage drop across a 1 Q standard resistor 

in series with the heater circuit and across a voltage 

divider with a Leeds and Northrup K-3 potentiometer. 

The time x a s  measured with a precision s~nchronous 

clocl; and could be read to 0.01 sec. 

OPERATION 

The caloriineter could be operated by a single operator. 

Details of loading are given e l s e ~ l l e r e . ' ~ ~  To cleterinine its 

rate of cooling, the teinperature clrift of the calorinleter 

was observed for about 60 inin. After the energy input, 

equilibrium was assuilled to have been reached only when 

the saine temperature drift was observed as before. The 

heater of the calorinleter and the clock were energized 

through a multiple contact relay (6 HX, Sigma Co., 

13raintree) Mass.). 

PRECISION AND ACCURACY. HEAT CAPACITY 

OF SODIUM CHLORIDE 

The precision and accuracy of the caloriineter were 

cletermined by measuring the heat capacitj. of a sodium 

chloride single crystal (obtained from the Harshaw 

Cheinical Co.). 

The heat capacity was deterinined a t  16 different tern- 

peratures and the regression line obtained. The molar 

heat capacity C, (cal deg-I lllolecl) in the range between 

242 and 273OK is given by the following espression 



. G .  I ~ I T V  

0.045 cal mole-'. '1 ne ~ L I I ~ U L I I C U  

values a t  selected temperatures s h o ~  . - - . - rn in '1 able 1 are 0.3% 
-1- n o w  

higher than those of ~ l u s i u s  et ~ 1 . ~  and 0.6% lower than 
L - ~ L . U  r. 11.0~s cal ueg 
246.0 11.650 

those of Morrison and Y a t t e r ~ o n . ~ ~ ~  249.0 11.670 
253.4 11.704 

COEFFICIENT OF LINEAR THERMAL EXPANSION 
OF SODIUM CHLORIDE 

The average coefficient of linear therinal espansion of 

of the sodium chloride single crystal was found to be 

3.80X 10-501C-' in the teinperature range of 260 and 280°1C. 

This value deviates by 2y0 from the average value found 

by Meincke and Gral~am. '~  

K. Clusius, J. Goldman, and 11. Perlick, 2. Naturforsch. 4a, 
424 (1949). 
' T. A. Morrison and D. Patterson. Trans. Faraday Soc. 52, 764 

255.0 11.712 
260.6 11.751 
262.5 11.765 
267.5 11.798 
273.0 11.837 

The extensometer's sensitivity, AL 

calibrated by the manufacturer. 
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