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Problem 1a
(1) The inert packing causes a pressure drop along the reactor. According to
LeChatelier’s principle, a decrease in pressure will shift equilibrium to the right (> 0)

and increase the equilibrium conversion.

Alternatively, this can be shown mathematically:
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If T is constant, the value of Kp (left-hand side) is constant. If P decreases, then the term
containing the ratio of mole fractions must increase to maintain equilibrium, which can
only happen if the conversion increases because all of the species are related (through
stoichiometry) by the same reaction.

(i1)) In an adiabatic reactor, an endothermic reaction will cause the temperature to
decrease with increasing conversion. According to LeChatelier’s principle, as the
temperature decreases, equilibrium will shift to the left (containing the “heat” term)
which will decrease the equilibrium conversion.

Alternatively, this can be shown mathematically using the relationship derived in part (a):

eAS"/Re—AH"/RT —p szzlc
Ya
As T decreases, the value of Kp (left-hand side) decreases for an endothermic reaction
(AHgr > 0). If P is constant, then the term containing the ratio of mole fractions must
decrease to maintain equilibrium, which can only happen if the conversion decreases
because all of the species are related (through stoichiometry) by the same reaction.

Problem 1b

The long-chain approximation is valid for any reaction propagated via radicals and
assumes that the rate of any propagation step is much faster than the rate of any initiation
or termination step (rp >> rj, I').



This is a reasonable assumption to make because initiation steps are rare events with high
activation energies that result from needing to a stable bond to form two unstable radical
species, while propagation steps are essentially unactivated processes in which the radical
is transferred from one species to another.

In deriving rate equations, the LCA allows PSSH equations written for the concentration
of any radical species to account for only the changes due to propagation steps. This
assumption on the propagation steps sets the identity that

d(R.):r.—r ~0
dt i t

at pseudo-steady-state, where (Re) is the total radical concentration.

Problem 1c

(1) For an adiabatic reactor, R(T) reduces to:

R(T)=Cp(T-T,)
Cpy = 0,Cop +0,Coy = (1)(7) +(1)(3) =10 J/mol-K

The extinction and ignition R(T) curves have slopes of 0.01 kJ/mol-K and are tangent to
the G(T) curve (see the attached plot). Their x-intercepts are equal to Ty and respectively
correspond to the extinction (545 K) and ignition (655 K) temperatures.

(ii) G(T) = X * (-4HR). For an endothermic reaction, G(T) will always be negative and
will decrease monotonically with conversion and temperature. Multiple steady-states are
not possible for endothermic reactions, because the slope of any R(T) curve is positive
and always greater than the maximum slope for an endothermic G(T) curve:

C_PO(1+05) >max(aG(T)j

Therefore, G(T) and R(T) will always intersect in one point that determines the steady-
state operating conditions for the reactor.

(i11) When the cooling is turned on, o > 0, causing the slope and x-intercept (T*) of the
extinction R(T) to increase. When T, = Ty, T* = Ty; therefore, the extinction temperature
increases. (Indeed, using the numbers given in the problem statement, the new extinction
temperature can be estimated from the plot to be 610 K).
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Problem 2a

Mole Balance:
Fuo1%a, _ Fuo1%a,

a1 kICAO,l (1 - xA,l)
Vik,Cyo, —kr = Xat
- =k, =
A0,1 —Xai

lel 0.5*%2
= = =05
1+le1 1+0.5%2

V1:
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Problem 2b

Overall Energy Balance:

dE
dt_Q VVJ FAOl(zecsz T T Coz(zecsz(Tl_YZ),Z)_FAO,IXA,IAHgl_FCO,ZxC,ZAHI(;Z

Assumptions: Steady-state, no shaft work, adiabatic to surroundings, 7; = Ty,

0=—Fj%,, 1AH131 Fco,zxc,zAHIgz
Mole Balance:
k, V,Ceo
o = k,o F,,
= =
1+k2'l- 1+k2 VZCCO
co

Substitute mole balance into energy balance
k,V,Cey,

VCCOZ

Ang = _FAO,le,lAHI(;l
1+k,

C0,2
F _ _kzvzcco,z
c0,2 — 0
kZVZCCO,ZAHRZ +1
FA0,1XA,1AH21
- —(1/min)(100L)(5mol / L) sy
- = min
€02 = (1/min) (100L) (5mol / L) (25,0007 /mol ) ne

(100mol / min)(0.5)(—50,000J / mol)

Problem 2¢

Energy balance with assumptions: Steady-state, no shaft work, adiabatic to surroundings



0= —Fr, (Cp ) (Tl -1, ) - FAO,IXA,IAHgl - Fco,zxc,zAng
V,Ceo
2
Fey

1+k, e
F,

Cco

k

0= _Fco,z (Cp)(Tl _7:),2)_FA0,1'XA,1AH21 _Fco,z AHI(;Z

The rate of heat generated by the exothermic reaction in CSTR 1 is constant.
Decreasing the inlet temperature to CSTR 2 requires that part of the heat generated
from CSTR 1 is used to heat the feed to 7;. As a result, less heat will need to be
consumed by the endothermic reaction in CSTR 2, which will occur when the product

of F¢p and x, decreases. This product is:

kZVZCCO
+ kZVZ CCO

FropXes =
1

FCO

Fco must decrease in order for the product of Fry and Xc to decrease.
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