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EMANATION THERMAL ANALYSti FOR CHARkCTERlZING DIFFUSION 
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Emanation therm4 analysis (ETA) is used for characterizing Ba-salts of phthalic, 
isophtbalic and terephthalic acids_ It is shown that the emanation thermal charac- 

tcristic~ measured in the temperature range between 298 and 373 K are tit&k for 
estimating diffusion properties of studied organic solids. The ETA results are supplied 
by TG/DTG and DTA curyes and surf” urea measurements. An apparatus for 
determining emanation-thermal dzuxtektics is proposed. 

Many investigators of or_& solids and poiymers are intrrested in the study 

of their diffusion properties_ One of the methods that may be utilited for determining 
these properties is the emanation thermal anal~lisis (ETA), enabling their estimation 
on the basis of inert &as difiksionl* 2. _ - 

; This article prestnts the emanation-thermal characteristics of barium salts of 
phthalic, isophth&ic and teretihthak acids in the_temperatue interval between 298 
and-373 K, In this series of Ba-salts of dicarboxylic acids, the effkct of .positional 
isomerism on the diffusion properties of organic solids is studied, _ 
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- .Barium salts of organic acids used for the ETA mekurements were prepared 
by the following way: The corresponding amounts of organic acids w&e dissolved 
in an equi@ent volume of 6-n KOH solotion, O-5 ml of aqueOuSsolation rxlntaining 
f2?Ch and 22?Ra radi onaclides was added to_ the-.foxmed pota&+ salt -of. the 
organ& acid soluble in water. Barium salt of the acid was then prepared by means-of 
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FigL Appamusformcmmmau ofamna!iontharddlalact~ofsoliQI =gassupply; 
2=flowstabi~~3= floarmds.4=~-~wgmpkholda;5=thrmastat;6=mc;rsuring 
dlam**7 = scintiilation d&azor; 8 = cxxmts-mcter: 9 = flow Illttcf, 

adding an equivalent amount of aqueous solution of BaCI,, to the potassium salt and 
the SoInbility of the formed salt was lowered by adding IO mI of ethylalcohol, The 
crystaIIine precipitate was separated by fihration on porous glass filter, washed with 
water, alcohol, and ether. 

This method of IabeIIing Ieads to a homogeneous distribution of the radic+ 
nuciides in barium sa.Its of or_eani compounds- Samplts of saIts not labelled by radie 
active nuclide and prepared for additional determination of surface area and for 
DTA and TG were prepared in an ado&al way_ 

Apparams 
An equipment schemadcaliy shown in Fig_ 1 was ~dcsigned for the ETA 

mmsurement of the prepared cq6taIline precipitates of barium salts of organic acids_ 
The prepared sample on a porous gIass fiber is placed in a through-flow hoIder (4) 
pIaced into the thermostat (a_ FQ-e+kied nitrogen from ~Zoragc vessel (I) at a ffow-rate 
of1oonlImin-‘, stabilized by a flow stabiiizer (2) and measured by flowmeters (3) 
and (9) is sucked through the sampIe. The stream of nitrogen carries the atoms of the 
radioactive gas resulting from **?h and **%a decay into the chamber (6) of the 
scintillation detector (7) The amount of released radon is determined by a counts- 
meter (8). 

100-400 mg of the sample were used for single determinations. The temperature 
in the thermostat was stepwisc elevated by 15 K h-’ in the temperature interval 
between 298 and 373 I(. The amounts of **?I% and **%a isotopes were _determined 
by measurkg gamma-activity of these samples. These detennktions were karried 
out on the porous glass fikiby a GM--tube co nsekving the same geometry_-From 
the obtained -values of the alpha- and beta-activities of the sampk and a standard 
(Ba+aImitate), the valuts of the e manaXing power weti determine&according to&e 
rcIationr - - . _ _._* - -- -_ -. 
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where E- = 98 O/o- 

Before measuring, the prepared sampIes were stored in a dessicator for 30 days 
in order to reach radioactive equilibrium, 

Surf&e area was determ&ed by argon sorption a& the boiling point of liquid 
nitrogen according to Nelser and Eggertsen3_ The additional DTA and TG wee 

accomplished on MettIer thermoanal-yzer at linear heating rate of 8 K min-’ in ziir 
sucked through the sample- 

; 

Emanation-thermal characteristics of Ba saits of diexylic acids - phtbalic, 

isophtbalic, and terephthalic - are presented in Table I and Fig- 2. 

The v&es of emanating power corresponding to the temperature of 298 K, 
surface area S, azd the ratio E/S characterizing the difikional properties of a corn- 
pound at the given temperature are given in Table 1. 

The emanating power of crystallites of solids may be expressed as 

E = amst, + (D/l)“’ - p l S (2) 

1 ph- 11.11 3.6 - 3.1 



where E is the emanating power, 

const includes the range of recoil ato& in the organic compound, 
D is the diffusion coefficient of radon in the substance, 
i, is the decay constant of radon, 
pisthedensiry,and 
sissurf~ar4s 
The ratio E/Smay, therefore, beconsidered asthecharacteristicofthfzdiffusionai 

properties of the substances, As evident from Table I, the E/S vabes of Ba-salts 
oforganicacidsdecre%? in the following squence: isophthala& phtbabte, and 

terephtbalate- The values of the diffusion co&Gent of radon in the studied substances 
decrewinthesamesequence_ 

Thccourseoftbc~~~ndenctoftmanatingpowerofthese-~triathe 
~~irttrvalbetwcea~Sand373KisprcscntedinFig,ZWbereasthe 
emanatkg pow& of Ba-phthalate @we I) increase exponentiaily with incn+sing 
tempcratunc, it remains prac&aUy unchanged with isophthaktte (curve 2) and tire- 

N~te(cu=c 3)attheidenticalt~mperzitarcin~ rate_T?&.n~inemai3atbg 
power of Ba-phthalate may be explakd & a r&It ofb&h the temperatqc i&&se 
of the diffnsion coeE&nt of this substance bets& 298.&d 327-K (the act&&on 

~thalpy AH of z20+difftio~ equals 20.1 kJ mot+),_ “d t&c partiaI r+cq pf 



Fig 3. TG/DTG and DTA curyes of bariumqhthalatc. 

F~ge 4. TGG and DTA-axvcs of barium isapbtaalak 

water contained in the sample (above 327 K). The decrease in the mass-of the sample 
heated at IinearIy increasing temperature! (see TG curve in Fig. 3) indicated that Ba- 
phthaIate contained 1.5 moiecuks of H,O. It is interesting that no increase in emanating 
power at increasing temperature, was observed with Ba-isophthalate (containing up 
to 3c mokules of H,O), even though a partial dehydration may proceed in this 
range of temperatures (according to the TGjDTG and DTA results in Fig 4). 

Ba-tenzphthalak was prepared as au anhydrous substances No visible effects 
are evident on DTA and TG/DTG curves in the temperature interval betie& 273 and 
773K(theclurws zre not presented). 

CONCLUSIONS 

, Emariation-thermai analysis has been proved to be @able for &mating 
difF;lc;on$I properties of 3a$hthaIate, -isophthaiate and -terephthaiate. 

:DiB&ion characteris#cs of Ba-phthakte, -isophthaiatk and -terepht@datk 
dttermined~ in the tige between 298 and 373 K indicate that positional. isomerism 
of these salts markedly tiects their djfksion prop&k in the soiid stste, jTi;eproposed 
apparatus enabks to perform ihe determination of er&natio&hermal c~tiri~tics 
with minim& handling of the radioktive substan~, 1. ,_ _ -: 

, _ _ _ . - 
- - 
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