Chemical Kinetics and
Reaction Engineering

ChE 142 - Spring 2009

MIDTERM EXAMINATION I

SOLUTIONS

ChE 142 S09 - Midterm 1
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STATISTICS
MEAN = 47
STD. DEV. =14
MEDIAN = 48
HIGH = 80 B
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Problem 2

(a) Species A is the limiting reactant. We can show this by assuming all of A reacts to
determine if any B remains.

Fao =Cao *V, =0.20*C, *v, =20 mol Amin™
20mol A, 1mol B
min 2mol A

=10mol Bmin™® .10 mol B min™ remain

(b) PFR Balance In — Out + Gen = Acc
Fal, —Fal,,,, + 1AV =0

_ Fe |V+AV —Fy |v

;
8 AV

Fs =0.6*F;,(1—x;) Because 60% of the flow is going to the PFR

% dx % dx
T =Fo | C._k.C
0 B 0 1¥B -1~D
The equation is non-stoichiometric, so we write:

£=Ygo =02%(1+1-2-1)=-0.2
_ FBO(l_XB) (1_XB)

"oV rex,) P (1-0.2xg)

V:FBO

X
C,=C,,——2—
> TP (1-0.2x,)
V =06*F,, I &
0k (A-xg) _ _Xe
TR -02%,) PP (1-0.2x,)
V= 0.6*20XT1 s dxg g
* OO o) D%
LAp &Ap
(c) CSTR Balance
FBO,CSTR - FB,CSTR + rBV =0
FBO,CSTR =04* FBO
0.4F;, -0.4F;, @a- XB) +1r;V =0
V= 0.4Fg X 0.4F;,X;
—Ig (1_ XB,CSTRl) Xg csTr1

kchO (

-k_,C
1—0.2XB’CSTR1) o (1_0'2XB,CSTR1)



V =1.0 dm®

(d) Overall conversion of B

(e) (i)

PFR

Foprr = 0.6* Fyo (L= Xg peg ) = 6.24 mol B min™

CSTR

Focsr = 0.4Fg0 (1= Xg cor) = 0.4(20)(1 - 0.4) = 4.8 mol B min™

Overall

FBO - FB,CSTR - FB,PFR _ 20-4.8-6.24
Feo 20

Or, we could do a weighted average of the conversions
Xg =0.6*0.48+0.4*0.4=0.45

Xg = =0.45

We can find the new conversion by recalculating the value for the concentrations
£=Yp0 =02%1-2-1)=-0.4

CB _ CBO (1_ XB,CSTR) (1_ XB,CSTR)

(I+exg)  °° (1-0.4x,)

C,=0
Substitute our new expressions for concentration into our rate expression from (c)
V= 0.4F; %, _ 0.4F; X,

— I kICBO (1_ XB,CSTRl)
(1_ 0'4XB,CSTR1

) - k—l (0)
V =0.75 dm®

(if) The volume of CSTR1 required for a conversion of B of 0.4 when species D is

removed should decrease relative to the CSTR in (c) because the reverse reaction

will no longer occur and the concentration will be higher in the reactor because of
the removal of D.
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k| A] k[ A]

= BT AT ke[ 12] KalB ]+ 3[A

Substitute expressions for [I1] and [1,] into rate expression and simplify:

ko [ AT

TXA[B]+ 3k A]
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The following approximation must be made:

kg[B]>>3ky[ A] (rg>>n)

which occurs when step 1 is quasi-equilibrated (QE).

(i) If step 1 is irreversible:

g <<rp k_q[B]<<kp[A] (k_l[B:l << 3ks [A])
1
==ki| A
r=34[A]
(ii) If step 1 is quasi-equilibrated:
r1>>0n k_1|:8:| >> k2 |:A:| (k_]_I:B] >> 3k2 [A:I)

2
r= Klkzﬁ

B]
If step 1 is quasi-equilibrated, then:

2
Ic :2r=2K1k2ﬁ U :k4[|1]:|<1k4m

[B] [B]

Determine the dependence of selectivity towards the desired
product on the concentration of reactants and products:

2
2Ky 2
g_Tc _ [B] :ZKZ[A]
U K1k4[A] k4

[B]

The selectivity has a first-order dependence on the concentration of
A. Using a PER will result in a higher selectivity than using a
CSTR, because a PFR operates at the highest concentration of A
possible (i.e. later dilution), while a CSTR operates at the exit
concentration of A (i.e. earlier dilution).
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