MES 601—Fundamentals of Materials Engineering
Example Problems

1.  <Zn> + {Cu2+} = {Zn2+} + <Cu> -- for a 10x10 cm Zinc plate, water velocity 1 m/s, 1 molar solution of copper ions, what is the reaction rate assuming diffusion through the diffusion boundary layer is limiting?
For a flat plate  
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and the reaction rate is 
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, where S is the surface area, and the C values are in the bulk and at the surface respectively.  Csurface = 0 when diffusion is limiting and S =L*W=100 cm2.  The kinematic viscosity of water,

=0.01 cm2/s, and the diffusion coefficient of Cu2+, D=7.2x10-6 cm2/s, then km is
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Thus, the rate = (100 cm2)*(0.00169 cm/s)*(0.001 moles/cm3)=1.7x10-4 moles/second.  The area specific rate, Rs=1.7x10-6 moles/(cm2*s).
Checking the Reynold’s number, to make sure the equation used is the correct equation, is important also.  Re=(V*L)/n = (100*10)/0.01=105 < 106 so the equation is correct.

2.
What if 100 m zinc particles were used rather than the zinc plate in the above example?
Everything stays the same except that 
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for laminar flow.  The density of zinc is 7.14 g/cm3, g=981 cm/s2, the density of water is 1 g/cm3, while it’s viscosity is 1 cP (0.01 g/(cm*s)).  
Thus, 
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and the Reynolds number Re=Vt*d/n=3.34*0.01/0.01=3.34>1 so laminar does not apply and need to use other equation for terminal velocity
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where A*=5(0.66+0.4*logk)0.5-5.55 (please note I left the 5.55 out of the equation given in class) and 
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, so that A*=0.412 and Vt=2.58 cm/s and 1<Re=2.58<700, so this equation is fine and 
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S=4R2=4(3.14159)(0.01cm)2=1.26x10-3 cm2.

The area specific rate, Rs=km*Cbulk=9.19x10-3 cm/s*0.001 moles/cm3=9.2x10-6 moles/(cm2*s) – so that the particles leach 9.2/1.7=5.4x as fast as the flat plate.
3.  If the mass transfer coefficient, km, is 7.2x10-3 cm/s at 345 K, what is the Arrhenius activation energy?

Arrhenius activation energy is given by an equation of the form km=km0exp(-E/RT).  Plotting lnkm (y-axis) vs. 1/T (x-axis) gives –E/R as the slope.  In this case this gives a slope of 4.353, so that E=-8.65 cal/mole.
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