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An isothexlllal ice aalorheter has been designed and constructed for use in 

obtaining heat capaaity data within + 5s in %he temperature range 100 - 1000 OC. 

Relative enthalpies are nteasured by %he anman% of mlume change thse oemz1p8 in 

a lwo phase ice-water nixbroe which gains he& f r o m  a heated sample, 

synthetic sapphire ealorimetzfe s$andakd the ealorimter was checked for 

peroformanee and was found fa give heat capaaity values with an accuracy greater 

I 

Using a 

t- 95% 



c momcTION 

In  confornrance With the pmgzam initiated at ORNL for the purpose of 

obtaining physical property data for materials a t  elevated temperatures 

(100 - 1000°C), an lee C ~ Q r h E t e F  has been designed, osnstructed and teated 

for use in detemining heat capaoity values wf th in  -+ 54$. 
I) 

The ice calorimeter was originated by Robert Bunsen (1) in 1870. The 

ice calorimeter belongs t o  a class of isothermal. calorimeters i n  which the 

heat quantity is measured by the arnounf of an isothermal phase change the 

heat produces. 

of ice and water undergoes a phase change pmportional t o  the amount of heat 

gained f r o m  a heated s%anple. 

volume change in the two phase mixture, 

,difference i n  densi.t;i.es ~f ice ma water a,$ PC. 

In the case of the ice calorimeter, ice in  a two phase xnixbum 

The phase change is measured by means of a 

!Phis is  possible because of the 

To determine t h e  pmpo*rbionality constant .e0 be used in calculating the 

heat exchaage from t h e  indicated mlume &age, the densities of ice and water 

at O'C, and the latent heae of f'uB,fon of' waeeap mst be used, This infornmtion 

is hewn quite accurately (2) ( k )  (5) 
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the weight of the sample, the enthalpy of' t h e  capsule, the temperature before 

hpp ing ,  %be v o ~ u m ~  change, the e n a l p y  of the sample above OOC is 

?"he basic componenes of the apparatus are a8 Pollows: 

1, 

2, 

l?wmace for heating t he  sample t o  the desiredtemperature, 

CaloaPimter for measuring the heat. contained by the capsuled sample. 

3. Volume change indicator for deteebhg volune changes that occur in  
%he two phase ice-water spatem, 

While %hem are the fundmen-baL features off the ~ b p p a r a t u s ,  precautions 

must be taken t o  insure that the eoqmnen%s Will their  intended purpose. 

Thus, considering the heating phase of %he s q l e ,  it is necessarythat the 

sample be heated t o  a uniform tempemtare; and &hat the temperature measured 

represent %he actual sample temperature, 

As %he ealorfmter f a  t o  be prirnariky used for measuring relative enthalpies 

of liquid me'bals and mlten salts, a pmblexi of seeondazy nature is introduced. 

That is, %he sample m%erial is not easily belled. and must be sealed i n  a 

suitable az,apsxCl.e. This necessitates %he aete&m%ion of the enthalpy-temperature 

rela-bfon %;DP %he capsule = t e r g a l  as W e  capsUe enthalpy mast be subtracted 

f'mm We %OW enmlpy  Q% the filled tzapmz2.s to obtain the desired sample 

en-bhalpy, 

the to%al  entWpy; and. a f s  ~eqra%ras a @apmLLe af large volume capacitybut 

with smXL.3. aa@%wiL golunae. 

enough t o  withstand a certain tmcmut of corrosion. 

1% would be desirable &o b v e  $he eap@ule enthalpy smal l  compared t o  

On t he  other .hard %he capsule wall must be th ick  
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Bo Capsule 

The followfng design feakmes f ~ r  the capsule mst be considered: 

2. En%halpy ratio of capsule t o  sample must be made small, 

The capsule was designed with a 1/36 inch Flail thickness; &Ithou&, 

f o r  some sample nrti%erials $his thichess couEa be substantially reduced. 

W f t h  the wa3LB thickness decided, the general shape of the capsule was 

chosen as a frustuz(I sf' 8 coneo The tapes peMts t h e  capsule t o  wedge into 

precision of their  work Pb became a silrrPfe mt=ter to mdff'ytheir apparatus for  
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This assembly is then suspended by % b e  steel rods and. is immersed in an 

ice baa, A water proofed tube of alundum connects %he ~bs$eBI%s%9p to %be top 

cpf the bath conta,iner, This tube provides a passagewa;JPbe%ween $he ftuma,ee 

and $he calorZmeter -likwugh which the apsule is  dropped, 

Luci%e is used as the calorimeter container material because of its 

transparency and ease ~f fabrlation. When the calor 

degassed water, it is i m p ~ r k a t  that no air  bubbles be tmpped and vfsw% 

inspeetion is readily possible if'the container is traasprexrt, 
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The e a p i l h r y  tube is very ueefal when slow volume B are to be 

measured, su& that; o c w  when the calorimeter is approsehing equilibrium, 

found satisfactory if the glass system is cleaned periodically, 9% ammn-b 

of water evaporated fpom%be buret;tes at  r o o m  temperature is smU compared 

t o  %he volume change cham@teristic of an entha3py de%e%%nfm%fon. 
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t h i s  is the heat loss that  occurs (auping a capsule clrop, Both csp-es 

experience radiation and convection lcbsses when passing fmmthe furnace 

t o  the calorimeter, As %he capsules have %he same external stmc-, at 

the same t-erature, arnd are llsfopped fa the same masner, the e m r  should 

be approximately the same a& should therefore disappear in the eubtrsdion 

of enthalpy values. 

The results of the en-py measm&s for sgn2;hetic sapphire are 

shown in  €3- 6, M a g  of the pofrta were obtained fi9081 a cslorinxeter 

system where evaporation fmmd;he burdzbes was considerable. 

evaporation vas caused by %he furnace which mung near the burette system and 

heated the burettes, The empm'bion was indiwbed by the eondensation of water 

droplets on the cold side of the bmetke. 

that can be offered far %he high enf2mJ.W values as mff'icient data are not 

available fram the remining cdLor%xwbers t&%& are no% subjeet to the Furnace 

heating of the bure-ttes, 

This excessive 

Presently %his is .&he! only reason 

In sppite of tb3.5, the aserasacy of %he entblpy d a h  is satisfactory for 

the pp0gma.1 planned, As the slope of %he e&hdkpy-tem.pemttxre curve is the 

desired result [ ep = (*I 1 the MM~S of' -!&e slope, detemdned 

analytically f r o m  %he Leas% squares enWpy-%eqem- eguation, are compEbred 

t o  t h e  values &.rived $J17ormthe Bureau of' E?tan&P&s enWpyo%emperature equation. 

This eonparison is shown in %ble Io 
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P ORMS C F e 
- T 'C - NBS ORE& Deviation 

400 0.23-9 OI 2854 + 4*97 
500 0,2799 0,2898 + 3.54 
600 0,2865 0 . 2941 + 2.65 
700 0,2919 00 2985 + 2.26 
800 0,2960 0.3028 + 2.30 
900 00 2995 0.3072 + 2.57 

mese data have been caleuh-bed f r o m  the following eqyations: 

As the sesuP%s given in  Tabla 1 am within the desired accuracy (t 5$), 

only several entbalw csmparSsons are contemplated for the remining calorimeters. 

Currently, one of t he  calor*%ers is being used for experimental purposes 

t o  improve the ice bath. fi%er pm3ionged periods of operatfon the ice bath 

becomes impure, apparen%ly$ a d  causes a lowering of the melting point. 

evidenced by the freezing of' ice fn the  calorimeter caused by the lower melting 

This is  

point of the external ice bathe EeentuaJly ice freezes in the copper connecting 

tube and plugs the line, The normal volume changes inside the m,lorimeter then 

causes the calorimeter container eo rupture, 
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While t he  freezing problem can be aofd@d by freqpently changing the 

ice bath, it is hop& 'th% by increasing %he them1 resistance between the 

two fce regions the eP2ec-b of the s m U  tempemfaxre gradient can be 

neglected entirely, Some Inmatfw m%erfals are being tested for this 

purpose, 

The impurities init%- presen% in t h e  fee used  pay be the cause of 

the freezing problem and this possfbflity is being investigated, * 

rmhe program for meast8mmn% af &a% capacities is to be included in a 

elassifted repork by EJlaJor A. Re Fri%hsen (8RNL4339), which W i l l  outline the 

physic&!. pmper&ies pmgram a% QBNL b general, 
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