Chemical Engineering 140

Problem 1

Midterm 2 Solutions
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First, find the composition of stream 2. Write the mole balances of species A, B, C, and D in

terms of extent of reaction (&1 and &).

flA,z = flA,1 — & —2&,

Ny, = 50— 30 —2(5) = 10 mol/s

ﬁB,Z = ﬁB,1 - 21 - &
ng, = 50—30—5=15mol/s

ncp, = 0+ 2(30) = 60 mol/s

np, = 0+ 3(5) = 15mol/s

flc,z = flc,1 + 2§,

Np, = Np1 + 38,

(1)
(2)

(3)
(4)

(5)
(6)

(7)
(8)

All of species A, B, and D exits through stream 3. The total moles in stream 3 must be:
nz = 10+ 15+ 15 = 40 mol/s

The composition of stream is then:

10
yA,3 = = 025

15
YB,3 = = 0375

—15—0375

9)

(10)
(11)
(12)



Problem 2

a. Heat of reaction is positive, so the reaction is endothermic. If the temperature of the
reaction increases, the forward reaction will be favored.

b. Keqis defined as K., (T) = [[;(y;P)"i. If the forward reaction is favored, Keq will increase.

This can be proved by calculating Keq at T = 400K using the following thermodynamic

relationship:
In ( Keq (T) > — _AH;“)xn [l _ i (1)
Keq (Ty) R T T,
15kJ\ 1000/
4 ( 8.314J ) 400K 300K
K * mol
Koo (T
In <£) = 1.503 (3)
4
Koq(T) = 17.98 (4)
c. Using conversion of species A, Xa, the moles of each species can be calculated:
Ny = Ny — Ny Xy =Ny 1(1—Xy) (5)
Npa = Np1 — Ny 1X4 (6)
We know A and B are equimolar in the inlet stream, so ng; = n4 ;
Mgz = N1 — Mg X4 = Ny 1(1—Xy) (7)
Nz = Mg+ 2ny1Xy (8)
Nez = 2Ny 14Xy 9
Sum over all species to determine total moles in stream 2:
n, = ZTLA_1 (10)
Now, determine the mole fractions of each species in stream 2 as a function of conversion
of species A:
1 (1—-X,) 1
= =-_(1-X 11
Va2 21a s > ( ) (11)
ng(1-X,) 1
= = ——(1-X 12
VB,2 2Mas ) ( a) (12)
2ny1X4
= 4 =X 13
Yc,2 2a s A (13)



Using the ideal gas law, the given rate law can be rewritten in the following form:

2
= k(P) Vay —Lyz
RT AYB Keoq c

(14)

Substitute equations 11-13 into equation 14 to get an equation in terms of conversion:

P\ (1 1
— _ _ 2 __— y2
B k(RT) <4(1 Xa) KeqXA>

d. The governing equation for a PFR is:

dX, -1

W B nA’l

Xan

(15)

(16)

(17)

]Vdv —E(E)ZF" 1
Tk \P 1 1
0 o (70 -x2-gx3

dX, (18)

)

e. Before integrating, substitute the value of Keq into the rate law since this will greatly
simplify integration:

X4 1
de—T ?) fo (%(1—XA)2_%X’Z)

RT\? 03
(7) [—2In (1 = 2X)|$
2

(%T) (1.832)

V =

< ~ff
uEy

»|=

V=771L

What is the molar flow rate of stream 2?
1400 mol/s

What is the recycle ratio?

400/1000 =0.4

What is the composition of stream 3?

ng1(1—X 1
yA,Z — A,1( A) — E(1 _XA) = 0.35

2Ny 4

dX, (19)

(20)
(21)

(22)

(11)



ng(1—X,) 1
=2~ "~ __(1-X,)=0.35
VB2 2as 2( )
2n,1Xy

= =X,=0.3
Yc,2 1Ay A

What is the overall conversion of species A?
XA,overall =0.42

(12)

(13)



