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1. A gas of CH4 and He is contained in a tube at 101.32 k Pa pressure and 298 K. At one point the partial pressure methane is pA1 = 60.79 k Pa and at a point 0.02 m distance away, pA2 = 20.26 k Pa. If the total pressure is constant through the tube, calculate the flux of CH4 (methane) at steady-state for equimolar counter diffusion.

2. Helium and nitrogen gas are contained in a conduit 5 mm in diameter and 0.1 m long at 298 K and a uniform constant pressure of 1.0 atm abs. The partial pressure of He at one end of the tube is 0.06 atm. and 0.02 atm at the other end. Calculate the following for steady-state equimolar counter diffusion.

a. Flux of He in kg mol/s. m2 and g mol/s.cm2.

b. Flux of N2.

c. Partial pressure of He at a point 0.05 m from either end.

3. Ammonia gas (A) and nitrogen gas (B) are diffusing in counter diffusion through a straight glass tube 2.0 ft (0.61 m) long with an inside diameter of 0.08 ft (24.4 mm) at 298 K and 101.32 k Pa. Both ends of the tube are connected to large mixed chamber at 101.32 k Pa. The partial pressure of NH3 in one chamber is constant at 20.0 k Pa and 6.666 k Pa in the other chamber. The diffusivity at 298 K and 101.32 k Pa is 2.30 x  10-5 m2/s.

a. Calculate the diffusion of NH3 in lb mol/h and kg mol/s.

b. Calculate the diffusion of N2.

c. Calculate the partial pressure at a point 1.0 ft (0.305 m) in the tube.
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1. Ammonia gas is diffusing through N2 under steady-state conditions with N2 nondiffusing since it is insoluble in one boundary. The total pressure is 1.0132 x 105 Pa and the temperature is 298 K. The partial pressure of NH3 at one point is 1.333 x 104 Pa and at the other point 20 mm away it is 6.666 x 103 Pa. The DAB for the mixture at 1.013 x 105 Pa and 298 K is 2.3 x 10-5 m2/s.

a. Calculate the flux of NH3 in kg mol/s.m2.

b. Do the same as (a) but assume that N2 also diffuses; i.e. both boundaries are permeable to both gases and the flux is eqimolar counter diffusion. In which case the flux greater?

2. Methane gas is diffusing in a straight tube 0.1 m long containing helium at 298 K and a total pressure of 1.01325 x 105 Pa. The concentration of CH4 at one end is 13.816 mole % and 1.316 mole % at the other end. Helium is insoluble in one boundary, and hence is nondiffusing or stagnant. Calculate the flux of methane in kg mole/s. m2 at steady-state.

3. Oxygen (A) is diffusing through carbon monoxide (B) under steady-state conditions, with CO nondiffusing. The total pressure is 1 x 105 N/m2, and the temperature 0 ºC. The partial pressure of oxygen at two planes 2.0 mm apart is, respectively 13000 and 6500 N/m2. The diffusivity for the mixture is 1.87 x  10-5 m2/s. Calculate the rate of diffusion of oxygen in kgmol/s through each square meter of the two planes.
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1) The gas CO2 is diffusing at steady-state through a tube 0.2 m long having a diameter of 0.01 m and containing N2 at 298 K. The total pressure is constant at 101.32 kPa . The partial pressure of CO2 at one end is 456 mm Hg and 76 mm Hg at the other end. The diffusivity DAB is 1.67 x 10-5 m2/s at 298 K. Calculate the flux of CO2 for equimolar counterdiffusion.

2) A drop of liquid toluene is kept at a uniform temperature of  25.9 ºC and is suspended in air by a fine wire. The initial radius of the drop r1 = 2.0 mm. The vapor pressure of toluene at 25.9 ºC is pA1 = 3.84 kPa and the density of liquid toluene is 866 kg/m3.

a. Drive equation (6.2-34) to predict the time tF for the drop to evaporate completely in a large volume of still air. Show all steps.

b. Calculate the time in seconds for complete evaporation.

3) Mass transfer is occurring from a sphere of naphthalene having a radius of 10 mm. The sphere is in a large volume of still of air at 52.6 ºC  and 1 atm. Abs . The vapor pressure of the naphthalene at 52.6 ºC is 1.0 mm Hg. The diffusivity of the naphthalene in air at 0º is 5.16 x 10-6 m2/s. Calculate the rate of evaporation of naphthalene from the surface in kg mol/s. m2. [ D is proportional to T1.75]

4) The gas CO2 (A) is diffusing at steady-state through air (B) by equimolarcounter diffusion in a conduit 1.22 m long at 25 ºC and a total pressure of 1 atm abs. The partial pressure of CO2 at the left end is 0.25 atm and 0.05 atm at the other end. The cross-section of the conduit is in the shape of an equilateral triangle. The length of each side of the triangle being 0.061 m at the left end and tapering uniformly to 0.0305 m at the right end. Calculate the molar flux of CO2 in kg mole/m2 .s.
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1. For a mixture of ethanol vapor and methane, predict the diffusivity using the method of Fuller et al.

a. At 1.0132 x 105 Pa and 298 and 373 K.

b. At 2.0265 x 105 Pa and 298 K.

2. The diffusivity of dilute methanol in water has been determined experimentally to be 1.26 x 10-9 m2/s at 288 K.

a. Estimate the diffusivity at 293 K using the Wilke-Chang equation.

b. Estimate the diffusivity at 293 K by correcting the experimental value at 288 K to 293 K. (Hint: Do this by using the relationship DAB ∞T/μ.

3. Equimolarcounter diffusion is occurring at steady-state in a tube 0.11 m long containing N2 and CO gases at a total pressure of 1 atm abs. The partial pressure of N2 is 80 mm Hg at one end and 10 mm at the other end. Predict the DAB by the method of Fuller et al.

a. Calculate the flux in kg mol/s m2 at 298 K for N2.

b. Repeat at 473 K. does the flux increase?

c. Repeat at 298 K but for a total pressure of 3.0 atm abs. The partial pressure of N2 remains at 80 and 10 mm Hg, as in part (a). Does the flux change?

4. It is desired to predict the diffusion coefficient of dilute acetic acid (CH3COOH) in water at 282.9 K and at 298 K using the Wilke-Change method. Compare the predicted values with the experimental values in Table 6.3-1.

5. The solute HCl (A) is diffusing through a film of water (B) 2.0 mm thick at 283 K. The concentration of HCl at point 1 at one boundary of the film is 12.0 wt % HCl (desity = ρ11060.7 kg/m3), and at the other boundary at point 2 it is 6.0 wt % HCl(ρ2 = 1030.3 kg/m3). The diffusion coefficient of HCl in water is 2.5 x 10–9 m2/s. Assuming steady-state at one boundary impermeable to water, calculate the flux of HCl in kg mol/s.m2.

































































































































