ChE 393-469 A
 
Homework 6

(20 pts)
1.
Suppose that in a fluidized bed for growing Si, the temperature and pressure are set for a growth rate 
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.  Particles are fed with a uniform radius of 1.5 x 10-2 cm.  There is no gas entrainment of particles.  Suppose we want to maintain a bed weight of 
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, and we require a product emergence rate of 1 kg/s.  What feed rate will we need, in kg/s?

(50 pts)
2.
In semiconductor purification by Czochralski growth from the melt, pull rate can influence the apparent “equilibrium” parameters.  One such parameter is the segregation coefficient k is defined by






where Cs is the concentration of impurity in the solid and Cl the concentration in the liquid, both measured at the interface at true equilibrium.



To see the effects of pull rate, let’s consider a simple one-dimensional model for growth, with the solid being pulled from the liquid with speed V.  It will prove useful to pick a frame of reference fixed at the interface, with the positive x direction pointing into the melt with the origin at the interface.  In this frame, liquid appears to flow toward the origin.



The basic equation for mass transfer in the liquid is:



v (




where r denotes a reaction rate, v a vector velocity, and C the concentration of impurity in the melt.



(5 pts)
(a)
Assume steady state and drop the appropriate terms to obtain a scalar equation for C in terms of x, V, and D.



(10 pts)
(b)
As one boundary condition we can let C=Cl  at x=0.  For the other, we can write a relation equating the diffusive flux of C to the difference between the rates of impurity incorporation into the crystal and rejection into the melt.  Write down this second relation in terms of D, C, x, Cs, and Cl.



(20 pts)
(c)
Solve the differential equation of (a) to obtain an expression for C(x).  Sketch what C(x) looks like.


(10 pts)
(d)
As a practical matter, we can rarely measure Cl directly.  We can get the impurity concentration Cb in the bulk liquid, however.  Since the pulled crystal and crucible are counterrotating, we can assume C reaches Cb at some distance 

 out into the melt.  Let’s define an “effective” segregation coefficient









Rewrite your expression from (c) to give an equation for ke as a function of k, V, D, and 

.



(5 pts)
(e)
For Si, 

 is typically about 0.02 cm, and D is about 5 x 10-5 cm2/s.  Suppose V=0.2 cm/min.  For Al, k=0.002.  Calculate ke.  Does ke get better or worse (closer to unity) as V increases?
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