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ABSTRACT

Studies of the hydrodynamic flow of aqueous saiatiof urea and its sulphur analogue i.e., thioutkeough a
naturally hydrophilic membrane like NylBh Biobond membrane are described in terms of hydranyc
permeability values. The permeability values atenpreted in terms of a pseudo-activation procé$e enthalpy
of activation 4H*), entropy of activation4S*), Free energy of activatio?lG*) have been estimated from Eyring’s
rate equation. The negative valuesA8* suggests that the flow of solutions through tfembranes is more
ordered which may be attributed to the greater mmmé-solution interaction.

Keywords: Urea, thiourea, permeability coefficient, activatiparameters, Nyldi Biobond membrane, Eyring’s
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INTRODUCTION

The study of transport through membrane is beindist last three decades. New membranes have lesendd
relating to desalination and electrochemical desxicehe transport studies have been explained \Wwighhelp of
thermodynamics of irreversible processes. The tdydramic flow of a fluid through a porous medium esther be
viscous flow (developed due to pressure differermeXiffusional flow (developed due to chemical quutal
gradient); or a combination of the two as chardmter by irreversible thermodynamics [1-6]. ThesanvB vary
exponentially with temperature. The dependencehe$d flows on temperature is characterized in tevfnthe
activation energy. The present study determinedvain parameters for the hydrodynamic flow of egus
solutions of Urea and Thiourea across NytbBiobond membrane. In this paper, a detailed safdpermeability
coefficients and various activation parameters dsnation of concentration and temperature has beade at
varying concentrations and four different tempeegu

MATERIALSAND METHODS

Urea and thiourea of AR grade was used for makiffgrdnt solutions with water which was distilleldrice over
alkaline KMnQ, in an all-glass apparatus. The specific conduetariavater so obtained was 1.3%1Qcm*. The
apparatus and procedure were the same as deseldmahere [7-8]. Permeability coefficient measuneimeas
carried out in a permeation cell which was kepainair thermostat maintained at a desired temperatithin +
0.5C. The thermometer was kept constant with the bélp contact thermometer an electronic relay typs01
supplied by Anu Vidyut, Roorkee. The data of the raf flow in the capillary were analysed in terofsvolume
flux which was further used to estimate permeabdiefficient ‘L, by using the relation as,

3= LAP
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where J is the volume flux per unit area of the membraneé /&P is the pressure difference across the membrane.
The hydrodynamic volume flux, &f the solution through the membrane is estimé&tea the following relations.

J, = T’ /mR% 1)

Where ‘x’ the distance moved in the capillary of ipparatus in time t, ‘r’ is the radius of theitary and R is the
radius of the membrane.

The various activation parameters namely enthaf@ctivation AH*), entropy of activation4S*) and free energy
of activation AG*) have been evaluated. The energy of activatiyrfor the flow is obtained by the slopes of the
plots of log L, v/s 1/T which is always a straight line. The adiiwa energy may be equated to the enthalpy of
activationAH* by applying the theory of absolute reaction saterom this value, the entropy of activatisk§*
may be estimated from the Eyring’s rate equatiarfléw i.e.,

AS* = ATH* +R Iog(:—;) (2)

Where %' is the viscosity of the permeating liquid, is the molar volume of the permeating liquid, ‘I¢' the
Avogadro’s number, ‘h’ is the Planck’s constant &Rdis the gas constant. This equation is a res#tyring’s rate
equation. The activation free energyz* may be estimated from the equation,

AG* = AH*T AS* (3)
RESUL TS AND DISCUSSION

The data shows that permeability coefficient desesawith increase in concentration in all the cadasanalysis of
the values of permeability coefficient shows thgtdecreases with increase in concentration. Thexjected as
permeability is inversely proportional to viscosifyhe values of the permeability coefficient in@es with increase
in concentration and temperature in case of bo#a @nd thiourea, indicating that water membraneraction
increases with increase in solute concentrationhemte in the viscosity of the medium. Differentmieanes used
in alternate energy devices have been characternzedms of parameters of activation id*, AS* andAG*. The
values ofAH* increases with increase in concentration incaltes. The values afS* has negative values which
suggests that the flow through membrane is moreretidue to membrane solution interaction [8]. Valkles of
AH* and AS* estimated are used for calculating the freeggnef activationrAG* using thermodynamic expressions
and the values afG* obtained increases as the concentration is &ser@ The negative valuesA* suggests that
the flow of solutions through the membranes is man@ered which may be attributed to the greater brane-
solution interaction [9]. Also the behaviour sholmnAH* and AS* values suggest that solute and solvent molecules
are strongly associated. The necessary data of eadyility and activation parameters at five diffaren
concentrations(2.5%, 3.5%, 4.5%, 5.5% and 6.5%)angrying temperatures 303K, 308K, 311K and 312l
been summarised in Tables 1-4 and figures 1-5.

Table1 Permeability Coefficient for aqueous solutions of Urea at different concentrations and temper atures across Nylon™ Biobond

membrane
L, x 10" (m’N's?)
C,=25%
Pressure difference | Temperaturein Kelvin (K)
AP x 10°(Nm?) 303 308 311 313
0.83 10.70 11.40 1158 12.55
1.00 9.43 9.99 11.34 12.15
1.17 9.18 9.97 11.00f 11.69
1.34 8.73 9.91 10.60 11.43
C,=3.5%
Pressuredifference | Temperaturein Kelvin (K)
AP x 10°(Nm?) 303 308 311 313
0.83 8.40 9.00 11.10 11.95
1.00 8.00 9.20 10.74 11.65
1.17 7.90 8.20 9.90 11.59
1.34 7.20 7.80 9.06 11.0p
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Cs=4.5%
Pressure difference | Temperaturein Kelvin (K)
AP x 103(Nm?) 303 308 311 313
0.83 8.33 8.47 10.27 10.7p
1.00 7.74 8.11 9.90 9.66
117 7.31 8.09 8.90 9.47
1.34 6.71 7.45 8.51 9.35
C,=5.5%
Pressuredifference | Temperaturein Kelvin (K)
AP x 10°(Nm?) 303 308 311 313
0.83 7.98 8.82 9.67 10.27
1.00 7.14 8.45 9.25 9.96
1.17 7.06 7.69 8.27 8.96
1.34 6.41 7.67 7.60 8.29
Cs = 6.5%
Pressuredifference | Temperaturein Kelvin (K)
AP x 10%Nm? 303 308 311 313
0.83 7.62 8.11 9.31 9.6b
1.00 6.94 8.05 8.46 8.76
1.17 6.46 7.49 9.93 8.1
1.34 6.00 7.23 7.46 8.0F

Table2 Permeability Coefficient for aqueous solutions of Thiourea at different concentrations and temper atures acr oss Nylon™
Biobond membrane

L, x 10" (m’N's?)
C,=2.5%
Pressure difference | Temperaturein Kelvin (K)
AP x 10%(Nm?) 303 308 311 313
0.81 10.86 11.65 13.63 14.34
0.98 10.71 11.33 1279  13.71
1.14 9.71 11.29 12.01 13.43
1.30 9.57 10.49 11.74 12.74
C,=3.5%
Pressure difference | Temperaturein Kelvin (K)
AP x 10°(Nm?) 303 308 311 313
0.81 8.90 9.15 10.48 11.42
0.98 8.12 8.53 9.57 11.1p
1.14 7.93 8.77 9.56 11.1p
1.30 7.70 8.13 9.12 10.7)7
Cs=4.5%
Pressuredifference | Temperaturein Kelvin (K)
AP x 10°(Nm?) 303 308 311 313
0.81 8.12 9.01 9.10 10.6J7
0.98 7.76 8.51 9.98 11.0B
1.14 6.91 7.68 8.72 10.37
1.30 6.63 7.62 8.53 10.26
Cy=5.5%
Pressuredifference | Temperaturein Kelvin (K)
AP x 10%Nm? 303 308 311 313
0.81 7.83 8.91 8.92 9.8p
0.98 7.02 7.92 8.73 9.8B
1.14 6.70 7.70 8.24 8.5
1.30 5.93 7.50 7.58 7.6b
Cs =6.5%
Pressuredifference | Temperaturein Kelvin (K)
AP x 10%(Nm?) 303 308 311 313
0.81 6.98 7.56 7.79 8.0B
0.98 6.47 6.67 7.25 7.82
1.14 6.03 5.96 7.02 7.18
1.30 5.56 5.85 6.56 6.78
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Table 3 Enthalpy of activation, entropy of activation and free energy of activation of activation of agueous solutions of Urea at varying
concentrationsacross Nylon™ Biobond membrane

CO[,‘/‘;‘E('\‘;;V?,;'O“ AH* X 102(Imole?) | AS* (JK*mole?) | AG**10*(Imole?)
25 20.75 108.46 34.03
35 26.41 106.74 34.98
45 28.30 2106.25 35.02
55 29.43 -106.50 35.07
65 30.00 2106.10 35.11

Table 4 Enthalpy of activation, entropy of activation and free energy of activation of activation of aqueous solutions of Thiourea at
varying concentrations across Nylon™ Biobond membrane

Concentration * X 1A2 1 1 1 XAl 1
% (wiw) AH* *109(Jmole™) | AS* (JK™mole™) | AG**10™(Imole™)
2.5 13.20 -110.87 34.91
3.5 28.30 -105.91 34.92
4.5 30.18 -105.40 34.95
5.5 39.62 -102.49 35.01
6.5 41.50 -102.16 35.10
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Fig 1: Plot of concentration ver sus Enthalpy of activation for
aqueous solutions of urea and thiourea at varying concentrations
across Nylon™ Biobond membrane

Fig 2: Plot of concentration ver sus Entropy of activation
for aqueous solutions of urea and thiourea at varying
concentrations across Nylon™ Biobond membrane

—=—2.5%
—=— Urea . —0—3.5%
: —&— Thiourea|  -9-94 = 4.5%
35.12 -9.96 '\ —v—5.5%
j . )
35.10 o . -9.98 -\ 6.5%
35.08 | -10.00 1 =
35.06 4 - "10.02
R -10.04
® 35.04 h
o ] -10.06
3 35.02 " = -10.08 4
2 1 o 8 1
Q 35,00 - -10.10
5 34.98 . -10.12
a ' -10.14
= 34.96 -
S E e -10.16
5 34.94 _— )
S i . - -10.18
34.92 e -10.20 4
j o— p
34.90 | -10.22
" T " T " T " T " ! -10.24 ]
2 3 4 5 6 7 ! ! ! ! ! !
) 3.18 3.20 3.22 3.24 3.26 3.28 3.30
Concentration %(w/w) uT

Fig 3: Plot of concentration ver sus free energy of activation for
aqueous solutions of urea and thiourea at varying concentrations
across Nylon™ Biobond membrane

Fig 4: Plot of log Lp v/s UT for aqueous solutions of urea at
different temperatures and concentr ations acr oss acr 0ss
Nylon™ Biobond membrane
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Fig5: Plot of log L v/s U/T for aqueous solutionsof thiourea at different temper atures and concentr ations acr oss acr oss Nylon™
Biobond membrane

CONCLUSION

The study of transport properties of aqueous smistiof urea and thiourea across NylbrBiobond membrane
reflects the utility of the membranes in battergasators. The dependence of permeability and ditiv@arameters
on composition is an indication of the presencenmmfiecular interactions between the membrane andtesol
particles.
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