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Starting in 1980 scientifk urperiments can be carried out 2t tie gravity in the 
Spa&ab_lThere the possibility exists of performing non-contact measuremtnts on 
freely suspended sampies_ This is of patticular i&rest, ifthesampIcs otherwk would 
reactwith cruci%Ie materials A solution caIorimete.r without cruciifcs with-molten 
metals as sokent is proposed in order to mfssure the enthalpies of formation of 
alloys contaiuiug react% metals-- SO~WDC and solute sample-are placed iu an ultra- 
sonic field and mixed. The he&of solution is measured by a difkcntial pIafinum 

_ 
rtslstance thermometer. The proposed calorimeter pexmifs an automatic kpzence of 
numerous Ineasurements_ 

_ - 

Starting in 1980 the scsalfed “Spacelab” will he kaiiable for scientific expexi- 
m&s. The zero gravity (appr. 10e4 terrestrial gravity) present in the Spacelab permits 
the application of support-free measuring techniques, that is, no&ontact measwzs 
ments on levitated sampies. In this manner_ errors can-be avoided, which arise f&m. 
contact of the sample with container materials, especially zt high texn~‘. The -- 
application of this principle to a calorimeter allows the measkement of heat changes 
of such mate&k, which under terrcstriai conditions reset &th t&con&&x mater&I 
-and therefore preyat exact caioric measurements_ Taking as axx example the kietermi- 
nation of tSie dhaipies of _formation of alloys containing reactive elements~ the 

application of this calorimeter wili be described in more &taiL 

-.. _ _. _. 
-._-. _ . I. _. _.. _ 

*Prcscntedatthc2ndUln;~~-c,frddatthcU~~~~~~~March.. 
1977; _. 2 - I -"I __ ._ _ ~- ~. = I I , : y. : _ _ .- 



._’ - _-_ ._ 

‘_ 
:: _ 

CaIorimetricaIIy measured ~nthaIpj~offoiina~onarein~~Ie tod&Mni& 
exactIy the thermodynamic functions of state of composite phases, Exact thermo- 

dynamic functions of state are needed on one hand for the comput&tion of equilibria 

*- 3, i-e_, in metals research for the computation of phase diagrams_ On the other 
hand, they arc important for a detaiIed study of tie chemical bonds in the composite 

Ph== 
In ~Aorimetric determinations of the enthalpies of formation, the phase of 

interest is broqht to an exactiy definabIe final state and +reby the-b_& change is 
measured. Then, the mixture of the components is brought to the same fin& state in 
which the heat change is also measured_ The difftrence’of the two heat changes is the 
required enthaipy of formation_ 

The various calorimetric methods differ mainIy in the exactIy defined final 
stat& 6_ There are combustion calorimeters, in which the sampks are burned in 

o_xygen or fluorine- In other calorimeters the samples are dissokd in aqueous 
solvents_ At hi&er temperatures metallic sampIes can be dissolved in moIten met&_ 

These different methods are not eqwiIy accurate_ Their ‘accmaq depends 
strongly on the ratio between the ma@itude of the measured effects and of their 

difference which is looked for. If the measured effects are substantiaIIy larger than the 
required difference, the accuracy may be poor_ For metallic phases, solution caIod- 
metry in molten metals (Fig_ I) is in most cases the best method_ In some cases 
however, this method cannot be emplOyed with sufficient accuracy_ The.elements in 
the center of the periodic tabfe (33, V, Zr, Nb, Hf, Ta and seveml others) do not 
dissoIve in a molten metal without rezting with any crucible mate&I, even if they 
are dissoived in small concentrations- Since the attack of the crucible is usually 
combined with a large heat of reaction, even a weak attack suffices to disturb the 
measurement 

In these cases, the enthalpies of solution must be determined in an arrangement 

. c - 



without- crucibles- At fkt sighf levitation mehing oSe& a mea&of proeee&g I 

without crucibles. Calorimetry, however, cannot be carried out iu th& -way, since the. 2 

change in.temperature can only partiy be attributed-to thc&hcat of SoWiOn ~f&e 

sampk-Iu fW a very much larger part can be assigned to fi&uations of the energy 
- in&&d in. the sample by the levitation field. On earth, a. strong ekctromagnetio 

6eld is required to levitate metals: The ener_gy induced -in the Ievitated sample depkndi 
on its shapi tid resistivity, During the period of mixing., both the& properties-are 

altered in an incalculabk manner_ Thw, while the sample dissoks in the meli- the - 

fluctnations of the energy induced in the sample become largeand undefined_ 
~’ Here the support-free measuring technique in -the Spacelabcan be advznta- 

geously applied. The main prinkipks of the mciisurement arc thesameaswithtemstrid 

conditions, Contrary- to terrestrM conditions, two -points have to be taken- into 
account: Instead of the crucibIe a positioning system is needed, which stabilizes the 

sample against smaIl residual accelerations. Secondly, the operation of the cakihetex 
should be automatized as far as possible, to get a maximum of measurements during 

the Iimited time of a mission. _ 

: - 

-OPERA-KING PRDXXPLE IN -i-HE SPA- 

The solvent and the solute sample are inserted in a tube furnace at constant 

temperature (Fig 2) and freely suspended side by side, After the sokent metal has 
melted and thermal equilibrium is reached, the sample and soivent are brought~ 
together and allowed to mix, The heat of solution flows through the tube wah and 
produces a temperature difference between inner and outer surface of the%.&_ This 

temperature difference, averaged over the surface and integrated with time is propor- 
tional to the heat evolved. 



Q = k(T, _-__) J AT(t) dt 

-_ ..__ _- 

k(T, _ _ _ _) is a quantity depending on kmpe&re and the geometry of&e apparatus. 
It has to be dettrmined by calibrstion by known heats of solutioa The tcmpemture 
cli&ren~ ATis measured by a differtntial platinum resktance thexmomctcr, which _ 

consists of vapour dep&ed platinum films on the inner and outer s&f&e of the 
furnace tube. The fiims are Iaser cut as shown in Fig. 3 and protected by a vapour 
deposited aluminum oxide film, The platinum re&t&es are wnuected to a.Whea& 

stone bridge, the signal of which isproportionaltotheaveraged temperaturedifference_ 
The tube furnace containing the measurin g system must be controlled to a 

constant temperature of about 1290 K within * 0.01 .K since this wili hardly be 
achievabk, the measurin g system must be constructed-as a twin calorimeter, hi order 
to compensate for fhx&Mions of the furnace temperature_ Thus, the apparatus will 
be an isoperiilic diEerential heat fiow calorimeter simiiar to the calorimetexs 
developed by Tii and Caivet7. 

The smallest expected heats of solution are of the order of 5 J@nple. This 
quantity should be measured within 3 1%. This means that disturbing energies 
shouId be calcuhble within % 0.05 J. 

PCXlTIOXiXG OF THESAMPLE 

Since residual accekrations of about IO? g are present in the SpaceJab, 
supporting fields are m to hold the samples in their prescrii positions, The 
streugth of these supporxing fief& is determined on the one hand by the maximaX 
disturbing acceleration_ On the other hand, the heat-produced by the supporting 
field in the sample and surrounding gas volume should be as small as possible_ The 
critical phase in the experimental run is the time interval in which the sample is 

unmerxd in the liquid metal and dissoks. During this interval, the shapes and the 
physical properties of the levitated body change indefinably, thus giving changes of the 
heat produced by the supporting field. 

For the operatioti of the solution caIori&er in the Spacelab, the su~p&t&g 
fieId mnst permit an automatic sequence of riumerous measurements. There is the 

choice between an electromagnetic or. an acou@c supporting fieId_ Sipce sampks and 
solvent met+ differ ili their diameters and pajrsica proper&s, t.hessupporti& Fork 
of the &Id must either bk +y indepe&ent of &se parameters (awusti~ fidd), or 
it must consist of indi&duaI, IocaJIy adjustal& partial 6eIds (ekctromagn& f&Id); 

A&hot& the ckctr~maguetic system is in principle appXicabIe, it&q&es 
strong limitations on the.materiai of the furnak’knd the electrical prot&i& of&e 

platinum resis%an.ce thermometers and thermocouples_ 
_L_-_i.- -. __ “, .: .._ .-_.. I 

Awustic positioning has the advantage of no wnstruc&Onal restrictionsbikside- 
the acoustic cavity, but it can be less easily automat&&; s ‘.: For this re&n;~ the 
concept _of a Spac4zIab calorimeter -5th acoustic pqsitio@ng wii be cliq nc+ ._~ :_ , __ ._ ..- . . _: _ 

_’ _ - _ ‘__ ; -_. - _ _-. ._% _.. :ti _ .‘_._ ’ .:- _- . . . I ~:- 



Fig.4. !schanatk represntation of the SoWion calorimeter with an d positkming systaa 

-. 

In Fig. 4 the proposed apparatus is represented schematicaNy_ The acoustic 
positioning system with the transducer and reflector is in the centre of the tube 
furnace. The acoustic cavity is limited radiaIIy by an ahnninum oxide tube on x-WZ*” 
are vapour deposited platinum resistors to measure the heat flow. 

A measuring cycle proceeds as follows: Using a mechanical manipulator,.the 
metal to be used as the solvent is brought as a solid into a pressure node of the ultra- 
sonic standing wave. There the metal melts freely suspended- The soIute sample is 
introduced in tie same manner and positioned in a neighboring pressure node. After 
the temperature fiuctuations have disappeared, both samples are brought together 
for mixing by means of a low f~u&cy mxlulation of the ukasonic standing wave_ 
During and after this phase, the temperature di&xence is registered_ After the 
temperature difference has reached zero again, the liquid sample is sucked away%yH-- 

thin tube_ Foliowing this, the next reaction pair is introduced. 
The probiems, which are investigated at present, concern the sekction of the 

type of manipulator, by which the acoustic field is least disturbe& In addition, the 
damping of sample oxilktions and the combination of the two kpks by means 
of low fnquency modulation have to be studied more thoroughly. 

The Spadab calorimeter presented here is not restricted-to the measurement 
of heats of soIution of met@ic phases. GeneraIIy, aU heat effkcts in aggressive sub- 
stakes may he measured- Also thermal analysis or scanning calorimetry Giay be 
tied out in a~simiku way without contact of the sample .m the apparatus. 

This workis part of the Space Processing Prog&m of the Federal Republic: -. 
G&many_ ft was f?nanced by the Bundesrninisterium fGr Forschung un$ Techn&Io&e, 
_repnzxnted by the Bereidr f5ir Pro~kttr3gerschaf&n in der’DmR; K&I, FM% - 
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