PACS 66.20, 83.70.H

THE PARTICULARITIES OF BINARY MIXTURE COMPONENT MOVEMENT NEAR THE EXFOLIATION CRITICAL POINT

A.D.Alekhin, L.A.Bulavin, D.B.Konvay, D.I.Malyarenko

Kiev University, Physics Department, 64 Volodymyrivska St., UA{252017 Kiev, Ukraine

Received September 12, 1995

Previously the process of equilibrium establishment in inhomogeneous individual substances and binary mixtures near the liquids critical point was studied. The temperature dependence of equilibrium establishment time in such systems was founded to be nonmonotonical in presence of gravitational field. In the context of fluctuation theory of phase transitions the connection between this time and the velocity of centre mass movement for inhomogeneous substance was revealed. In this report centre mass movement of binary mixture methanol-hexane near the exfoliation critical point in gravitational field was experimentally studied. The component movement velocity dependences on temperature was researched and some particularities of such process was analyzed. Viscosity of mixture was estimated and analyzed as well.

The aim of this work is experimental studying of binary mixture methanol-hexane component velocities of mass transfer near the exfoliation critical temperature (mass concentration of methanol in given mixture was critical: x ≈ 0.33). This velocity of mass transfer was calculated by formula:

v = △z_{0n}θ^{−1}_E , (1)

where △z_{0n} = z_0 − z_n, (n=1,2) - is the value of displacement of components centre mass vertical coordinate: methanol (n=1) and hexane (n=2), as system goes to the equilibrium state. These coordinates were evaluated

by formula: z_n =^{L⋛}_0 ρ_n (z) zdz/ρ_{Cn}L. Here ρ_n (z) is the height distribution

of components numerical density near the exfoliation critical temperature. This characteristic of nonhomogeneous mixture was found from gravitational effect experimental data with help of refractometrical method [1] using Lorenz-Lorentz formula [2]: ρ^{−1} (n^2 − 1) / (n^2 + 1) = xr_1 + (1 − x) r_2 in assumption of components specific volume additivity.

On figure 1 the temperature dependence of component centre mass coordinates is indicated. The values of coordinates are counted from the bottom of a cell.

As it was previously shown for mixture methanol-hexane [1], the temperature dependence of equilibrium establishment time in inhomogeneous mixture under gravity is nonmonotonical [3] (figure 2). As near liquid-gas critical point [4] maximum equilibrium establishment time corresponds not

cfl A.D.Alekhin, L.A.Bulavin, D.B.Konvay, D.I.Malyarenko, 1996

ISSN 0452{9910. Condensed Matter Physics 1996 No 8 (11{16) 11

Figure 1. Temperature dependence of component centre mass coordinates.

to critical temperature (△T = T −T_C = 0), but temperature △T ≤ 10K. In accordance to [3], temperature dependence θ_E (△T ) is described by relation: θ_E (△T ) ∼ △M (△T ) τ (△T ) △z (△T ) . (2) When L^∗ =^ρC^{gL}_pC ≫ t^{βδ} = ↠ △T TC ↞βδ in equation (2) △M (△T ) ∼ △T [4] - is mass of substance, moving in vertical direction as system tend to an equilibrium state; L - is cell’s height; τ (△T ) ∼ △T^{−ν} - is relaxation time at the critical density level with; △z ∼ △T^{βδ} [5] is width of the layer where ρ = ρ_C (here ν = 2/3, β = 1/3, δ ≃ 5 - are critical indices [6]). Then in this case, relying equation (2), we obtain: θ_E (△T ) ∼ △T^{βδ+1−ν} (βδ + 1 − ν > 0) , (3) i.e. equilibrium establishment time increases as temperature goes away from critical value. This fact was corroborated experimentally (figure 2).

In case when L^∗ ≪ t^{βδ}, mass △M ∼ L = const, τ (△T ) ∼ △T^ν , △z ≈ L [4]. Then from equation (2) we obtain:

θ_E (△T ) ∼ △T^{−ν} (4)

i.e. equilibrium establishment time in system decreases, that was corroborated experimentally as well (figure 2).

Using obtained data of △z (△T )and θ_E (△T ) (figures 1, 2) on the basis of (1) temperature dependence of component mass transfer velocities

Figure 2. Temperature dependence of equilibrium establishment time.

near exfoliation critical temperature was calculated. Results are shown on figure 3.

Obtained temperature dependencies for v (△T ) were compared with its on theoretical calculation in [7] in the framework of fluctuation theory of phase transitions [6] and gravitational effect theory [5]. In accordance to [7] in temperature range where L^∗ ≫ t^{βδ} the temperature dependence of velocity of substance transfer near critical point is described by relation:

v = K_1△T^{1+ν−βδ}. (5)

Here K_1 is constant value for given substance and depends on critical parameters T_C , p_C , ρ_C , cell’s height L and critical indices ν, β, δ. This dependence v (△T ) in (7) is very slight because the power exponent 1 + ν − βδ ≥ 0 in equation (5) is almost zero. As indicated by figure 3, the theoretical result in temperature range △T ≤ 4K is confirmed experimentally.

In opposite case when L^∗ ≪ t^{βδ} in accordance to [7]:

v = K_2△T^ν , (6)

i.e. dependence v (△T ) is multiplied considerably, that is in agreement with experiment as well (figure 3).

Obtained experimental data of fluctuation cluster transfer velocity in a gravitational field for system going to equilibrium state were used to estimate viscosity of a nonhomogeneous mixture near the exfoliation critical temperature. For this purpose the Stokes method of viscosity determination by formula: f = 6πηvR (7) was used. Here f is force of medium resistance, that acts on a probe particle with the radius R and velocity of movement v.

Figure 3. Velocities of transfer of binary mixture component’s centre mass.

As applied to an inhomogeneous medium near a critical point, density fluctuation of substance - cluster with radius R is supposed to be probe particle, moving in vertical direction with velocity v ≈ △z/θ_E . On the basis of such assumption using equation (7) in framework of fluctuation theory of phase transitions [6] in [8] it was shown that viscosity of substance can be calculated by formula: η = k_B T_C 6πv△zωR_C . (8)

Here ω = 1 − ρ_C ρ^{−1}_{F l} , ρ^{−1}_{F l} - is the density of substance inside of density fluctuation. Evaluation of this parameter near liquid-gas critical point demonstrated that ρ_{F l} = (2 ÷ 3)ρ_C [8]. Close to exfoliation critical temperature such a parameter wasn’t calculated. But it can be estimated using relation: ρ_{F l} ρ_C ≤ ρ_M ρ_C , (9)

where ρ_M is the liquid density near melting temperature. In accordance to experimental data obtained for the mixture methanol-hexane, the value ρ_M /ρ_C ≈ 1.2. Then parameter ω in (8) can be estimated as ω ≈ 0.2. Using obtained experimental data △z (△T ) (figure 1), v (△T ) (figure 3), temperature dependence of correlation radius along critical izohore for given mixture R_C = r_0t^{−v} (r_0 = 0.58·10^{−9}m , ν = 0.62), in accordance to equation

(8) the temperature dependence of viscosity near exfoliation critical point was calculated. The results are depicted on figure 4. As indicated by this figure, within △T range from 14^0 to 4^0 value of binary mixture viscosity increased five times. To check obtained results η (△T ) experimental research of shear viscosity η_S of mixture methanol - hexane near exfoliation critical point was performed by means of viscosimetrical method. Obtained data are shown on figure 4. As is seen, calculated by equation (8) values of viscosity considerably exceed experimentally obtained values η_S in whole studied range of temperature.

Figure 4. Viscosity of binary mixture methanol-hexane: 1 – results of calculation by equation (8), 2 – viscosimetrical experiment.

Gained result (η (△T ) ≫ η_S (△T ) ) confirms the assumption done in [8], that the viscosity in equation (8) near the critical point is not shear but the complete viscosity of substance η = (4/3) η_S + η_V ; here η_V is the volume viscosity. Such assumption is acceptable enough for a medium with verydeveloped fluctuations of density and concentration of substance. When movement of nonhomogeneous system centre mass realizes in gravitational field, fluctuation clusters under real conditions don’t change their positions like whole and undividable formations, that perceive only shear viscous tensions. In fact, thickening of substance inside a fluctuation cluster after certain time interval of life decays and forms again in an other place of a cell. In such fluctuation process of centre mass transfer in inhomogeneous substance the main role has to play volume viscosity of substance η_V ≫ η_S .

It needs special noting, that calculated by equation (8) values of viscosity are in agreement with experimental data about the relation η_V /η_S behaviour obtained by acoustic methods in [9] for n-hexane and methanol in the temperature range 30÷50^0C. These data lead to the value of η_V /η_S ≈ 4 at the temperature T = 40^0C.

Analysis made above allows to make a conclusion that suggested method of studying of the centre mass velocity in inhomogeneous system in the gravitational field can be used as well to estimate the volume viscosity of substance near the critical point.

References

[1] Alekhin A.D., Abdikarimov B.Zh., Bulavin L.A. Optical and thermodynamical properties of binary solution near the exfoliation critical point. // Ukr. Fiz. Zhurn., 1991, vol. 36, p. 547 (in Ukrainian).

[2] Volkenshtein M.V. Molecular optics. Gostehizdat, Moscow, 1964 (in Russian). [3] Alekhin A.D., Abdikarimov B.Zh., Bulavin L.A. Kinetics of setting of equilibrium gravity effect in the vicinity of the exfoliation critical point for binary solution. // Ukr. Fiz. Zhurn., 1991, vol. 36, p. 387 (in Ukrainian).

[4] Alekhin A.D. Kinetics of setting of gravity effect in the vicinity of critical point.

// Ukr. Fiz. Zhurn., 1986, vol. 31, p. 720 (in Ukrainian).

[5] Alekhin A.D., Krupskij N.P., Chaliy A.V. Matter behaviours in points of susceptibility extremum at constant fields in the vicinity of critical state. // JETP, 1972, vol. 63, p. 1471 (in Russian).

[6] Patashinskiy A.Z., Pokrovskiy V.L. Fluctuation theory of phase transitions.

Nauka, Moscow, 1982 (in Russian).

[7] Alekhin A.D., Rudnikov E.G. The velocity of mass centre shift for inhomogeneous matter in a gravity near critical stage. // Ukr. Fiz. Zhurn., 1994, vol. 39, p. 700 (in Ukrainian).

[8] Alekhin A.D. Critical phenomena liquid-gas in a gravity field. Doctoral Thesis, Kiev, 1994 (in Ukrainian).

[9] Cholpan P.F., Sperkach V.S., Garkusha L.N., Krasnikov V.I. Investigation of sound absorption mechanism by solutions of a few paraffins. // Ukr. Fiz. Zhurn., 1979, vol. 24, p. 1045 (in Ukrainian).

OSOBLIVOSTI PUHU KOMPONENTIV PODVI„NOGO POZQINU POBLIZU KPITIQNOÕ TOQKI POZXAPUVANN

O.D.Al~ohin, L.A.Bulavin, D.B.Konvaæ, D.I.MalØrenko

U poperednih robotah doslidıuvavsffl proces vstanovlennffl rivnovagi u neodnoridnih individual~nih ridinah ta podviȷnih rozqinah. Bulo vifflvleno, wo temperaturna zaleınist~ qasu vstanovlennffl rivnovagi v takih sistemah v gravitaciȷnomu poli ‚ nemonotonno. V ramkah fluktuaciȷnoÝ teoriÝ fazovih peretvoren~ bulo vstanovleno zv‘fflzok miı cim qasom ta xvidkist ruhu centru mas neodnoridnoÝ reqovini. U ciȷ roboti bulo eksperimental~no doslidıeno ruh centru mas podviȷnogo rozqinu metanol-geksan u gravitaciȷnomu poli poblizu kritiqnoÝ temperaturi rozxaruvannffl. Bulo vivqeno temperaturnu zaleınist~ xvidkosti ruhu komponentiv ta proanalizovano defflki osoblivosti takogo procesu.