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Abstract

A sorption calorimetric method proposed by Wads® and Markova allows determination of water activity. Calculation of water activity is
based on Fick’s first law. The correct form of the Fick’s law takes into account not only vapour diffusion itself but also bulk flow of vapour.
A new formula, which uses the correct form of the diffusion law for direct calculation of water activity, is proposed.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction parameters are us¢t]. One of the corrections which affects
calculated value of water activity deals with the fact that the

Method of sorption calorimetrid,2] is used for study of  Fick’s first law has different forms for the diffusive motion

sorption of water vapour on solid, liquid and liquid crys- relative to the binary gas mixture or to stationary coordinates

talline samples. In sorption calorimetric experiments three [3]. This correction, proposed by Wadsd and Mark¢ih

parameters are determined independently: water content inmakes use of the correct form of Fick's law for practical

a studied sample, activity of water in the sample and par- calculations. Though it solves the problem, the proposed

tial molar enthalpy of mixing of water (sometimes referred procedure is rather complicated and requires application of

as differential enthalpy of sorption of water). Therefore this numerical methods. Below another approach is described,

method is a unique source of experimental data not only which allows direct calculation of water activity using an

about process of sorption itself, but also about equilibrium analytical formula.

thermodynamic properties of studied substances. Being uni-

versal from point of view of state of studied samples and

obtained thermodynamic information, the method is some- 2. A new formula

times less accurate than methods, which provide more spe-

cific data and applied to some particular classes of sub- A sorption calorimetric cell consists of two chambers

stances. For example, the method of titration Calorimetry (Sorption and Vaporisation Chambers) connected by a tube.
can provide more accurate data about enthalpy of mixing in Water vapour diffuses in the nitrogen atmosphere from the
liquid solutions, but it cannot be used for simultaneous de- vaporisation chamber through the tube to the sorption cham-

termination of water activity; the sorption balance can give per. For calculations of water activity in the sorption calori-
an accurate sorption isotherm (water activity—water content metric experiments Fick's first law is us¢8l:

dependence), but cannot be used for direct determination of
enthalpy of mixing. Nw = xw(Nw + Ng) — cDVxy 1)
In order to improve the accuracy of the method of sorption

calorimetry, several procedures of corrections of calculated WNereNw andNg are the molar fluxes of water vapour and
nitrogen, respectively; is the molar density of the gas mix-

ture, D is a diffusion coefficient of the gas mixture arg
* Tel.: +46-40-6657946; fax:-46-40-6658100. is the molar fraction of water in the vapour. The first term
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resulting from the bulk motion of the vapour and the second andk is
term is the molar flux of water resulting from the diffusion 1 Dt

i i i ic k= ——In—— 9
superimposed on the bulk flow. In practice the first term is Nmax _ 0

. g . w Pt Pw

often neglected for simplification. In that case for a steady o . o _
state the flux of water vapour is proportional to the differ- Substitution of this expression inkq. (7)gives the follow-
ence of water contents in vapour phases of sorption and va-ing formula:

porisation chambers, and therefore to the difference of wa- (Nyy/ Nimax)
Lo . . . . . 0 0 Pt
ter activities in the sorption chambay, and in vaporisation  awpy, = pt — (pt — py) < —3 ) (10)
chambera\(,b’): Pt — Py
No < al) — ayw =1 — ay @) Since the rate of vapour transfi, is proportional to the
B =

thermal powetP released in the evaporation cell, then the
When a drying agent, for example molecular sieves, is placedactivity of water is:
into the sorption chambet,, = 0 andN,, reaches its maxi-

’ . " pt— (pr = pO)(pt/ (pr — o) /™™

mum valueNy'®* (this experiment is the maximum flow cal- g, = 5 (11)
ibration). Combininggq. (2) for unknown activitya,, with Pw
the same equation for zero activity, one gets the expression
f : : .
o 8w N p 3. Discussion
aW=1—%(=1—WX (3) . i
Ny P In spite of the fact thaqgs. (3) and (11pave very different

whereP is the thermal power of vaporisation (proportional forms, in practice they give similar values of water activity.
to Ny) andP™® s its maximum value. Formula (3) is often I order to compare the two formulas, water activities were
used for calculation of water activities in sorption calorimet- calculated using values of thermal powers from (P&,

ric experiments (see for examji#l). Nevertheless, since in ~ Which in both cases gives values of water activity from 0
the experiments the water vapour moves from one chambert® 1. The difference of activities calculated usiBig. (11)

to another, for strict calculations of water activity the first (corrected activity) andeq. (3)(not corrected activity) vs.
term of the right-hand side d&q. (1)should also be taken not corrected activity is presentedHig. 1. The calculations
into account. In that case the rate of the water vapour trans-Were performed for 25 and 6€. For E)he_lower temperature
fer Ny, at the liquid—vapour interface (rate of evaporation) is the correction is small—about 0.3% in the middie range

13]: of activities, while at 60C it is higher than 2.5% in the
same range. The correction is very small in the extreme
Nu1 = cb In (@) (4) values of activity—i.e. when activities are close to 0 or 1.
22— XB1 In the latter case the vapour flow is very low, therefore the
wherec is a constantz; is a coordinate angig is a concen-  correction to the bulk flow is insignificant. In the former case

tration of B, which is air or nitrogen. Indexes 1 and 2 refer to the flow is high, but its highest value, reached whgn= 0
positions corresponding to vaporisation of water and water iS determined in maximum flow calibration. Therefore the
sink, respectively.

In order to derive an expression for water activity, one

should use perfect gas laws and definition of water activity: 0.03
_ _ 0 o
Pt = pw + pB = awpy + ptxB ) 00251 60 °C
_ 0
xg = 2 9whw (6)
pt 0.02

wherep, is the total pressur@,, andpg are partial pressures o
of water and nitrogen, respectivelyf, is vapour pressure of < o015t
the pure liquid water. Taking into account that at the paint

water activity is 1, one comes to the following expression: o.01f
Nw(z2 — z1)
0 0 w
= pi — — xp| —— 7
awpy = pt— (pt— py) € D( ) (7) 0.005} 059
Parameterg, c andD not change during experiment, there-
fore their combinatiort = (z2 — z1)/cD is also a constant. % 02 04 06 08 1
In order to find this constant, a maximum flow calibration a

w

should be performed. Then , _ _
Fig. 1. Difference in values of correctedd. (11)) and not corrected

0= pt — (pr — pS) exp(NI¥k) (8) (Eq. (3)) activities of water vs. not corrected activity at 25 and @0
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discussed correction is taken into account evefdn (3) of water activity can be calculated using an analytical
but only when water activity in the sorption chamber is formula.
zero.
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