Lecture 13

Chemical Reaction Engineering (CRE) is the
field that studies the rates and mechanisms of
chemical reactions and the design of the reactors in

which they take place.




Lecture 13 - Tuesday

Complex Reactions:
A+2B > C

A+3C—>D
Example A: Liquid Phase PFR
Example B: Liquid Phase CSTR
Example C: Gas Phase PFR

Example D: Gas Phase Membrane Reactors

Sweep Gas Concentration Essentially Zero
Sweep Gas Concentration Increases with Distance

Example E:




e

Gas Phase
Multiple Reactions

Following the Algorithm

Number all reactions

Mole balances:

Mole balance on each and every species

PFR

CSTR

Batch

Membrane (*i” diffuses in)

Liquid-semibatch

Rates:

Laws

Relative rates

Net rates

Stoichiometry:

Gas phase

Liguid phase

Combine:

Polymath will combine all the equations for you. Thank you.
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New things for multiple reactions are:

1. Number Every Reaction
2 on every species

3. Rate Laws
(a) Net Rat&s of Reaction for every species

My = Z lia
=1
(b) Rate Laws for every reaction
A = _klACAcé
e = —kZCCng
(c) Relative Rates of Reaction for every reaction
For a given reaction i1 (i) a,A+b,B -¢,C+d,D:
h _Te _Tc o




Reactor
Reactor Type

Batch

dN,

Gas Phase

=1V + k5,

Summary
Liquid Phase




Reactor Summary
Reactor Type  Gas Phase  Liquid Phase
CSTR V = Fro = Fa V =, (CAO _CA)
— Iy — Iy

PFR dF, _ | o 9Ca _

dv " dv 8
- dF, _ 4G, _

dw ° dw A
Note: The reaction rates in the above are net rates.

/







Stoichiometry

Concentration of Gas:

F) (T
T

Note: We could use the gas phase mole balances for
liquids and then just express the concentration as:

F
Flow;: C,=-*%
Yo
Batch: CA:ﬁ

Vo




Example A: Liguid Phase PFR

The complex liquid phase reactions follow
elementary rate laws:

1) A+2B—>C -1, =k,C,Cq

NOTE: The specific reaction rate k,, Is defined with
respect to species A.

(2) 3C+2A—>D  —r,=k,CC?

NOTE: The specific reaction rate k, I1s defined with
respect to species C.




Example A: Liguid Phase PFR

Complex Reactions
(1) A+2B—->C

2) A+3C—D

on each and every species

dF dF
1) —&= 2) —==r,
(1) VIR ()dv 3
dF dF
3) —==r, 4 2=
. B) 5y = (4) Gy =P
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Example A: Liguid Phase PFR

2) Rate Laws:
Net Rates (D) Fy=r,+h, (7)Fg =lg+lg

6)rc =rc+re (81, =0+r,
Rate Laws (9) r,, = —k,,C,C2
(10) 1y = _kzccicg

Relative Rates TN LITS

Reaction 1 -1 -2 1

(11) g = 2r1A
(12) e =—1A




12

Example A: Liguid Phase PFR

Relative Rates Ha e _ o

Reaction 2 —2 -3 1

2
(13) hoa = g Ple

I
(14) lp = _%

Iy = _klACACS _g kch/?\Cg
r, =—-2k,,C,C2
I = klACACB - kchng

K

Iy :%Cng
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Example A: Liguid Phase PFR

3) Stoichiometry
Liquid
(15) C, =F, /v,
(16) Cg = Fy /v,
(17)C. =F: /v,
(18)Cp = Fp /vy

(19) S¢p =if (V >0.00001) then (%] else 0
D
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Example A: Liquid Phase PFR

Others

4) Parameters

F, = Liquid — Not Needed
(19) « = Liquid — Not Needed
(20) C;, = Liquid — Not Needed
(21) k,, =10

(22) k,. =20

(23) = Liquid

(24) C,, = Liquid

(25)V, = 2500

(26) F,, =200

(28) F;, =200

(26) v, =100
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Example B: Liquid Phase CSTR

Same reactions, rate laws, and rate constants as
Example A

(1) A+2B—>C —la = klACACEza

NOTE: The specific reaction rate k,, is defined with
respect to species A.

(2) 3C+2A—>D -, =k, CC?

NOTE: The specific reaction rate K, is defined with
respect to species C.
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Example B: Liquid Phase CSTR

The complex liguid phase reactions take place in
a 2,500 dm3 CSTR. The feed is equal molar in A
and B with F,;,=200 mol/min, the volumetric flow

rate is 100 dm3/min and the reaction volume is 50
dm3.

Find the concentrations of A, B, C and D existing
In the reactor along with the existing selectivity.

Plot F,, Fg, Fc, Fp and S5 as a function of V
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Example B: Liquid Phase CSTR
(1)A+2B—>C (2)2A+3C—D

la = _klACACEza

23
e = _kZCCACC

1 A V,Cro —0,Cr+T1,V =0
(2) B 0V,Cqp —0U,Cg + 15V =0
3) C 0—v,C.+r1.V =0
(4 D 0—v,C,+1V =0




Example B: Liquid Phase CSTR

2) Rate Laws: (5)-(14) same as PFR

3) Stoichiometry: (15)-(18)
same as Liguid Phase PFR

Fe 0,Cc

19) S, = =
19) Seo F, +0.0001 o,C,+0.0001

4) Parameters:
Kias Kacs Caor Cror Vi 0y
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Example B: Liquid Phase CSTR

In terms of molar flow rates
(1)A+ 2B —C (2) 2A+3C —» D
A = _klACACS
— —kZCCin’:

(1-4) 2) Rates (5-14) 3) Stoichiometry: (15-19)

(1) f(F,)=F, —F,+rV (=0) Same as (15) C,=F,/v,
Example A 16) C, = /U
(2)f (F ): Foo —Fs +15V  (=0) (17) C.=F./u,
(J)f (FC ) =0-F. +1.V (=0) 18) C,=F,/v,
F
(19) SC/D = >
(4)f(FD)=O—FD +rV  (=0) Fp +0.00001

\Z /




Mf(Cu)=v
(21(Ce)=
(3)f(C
(4)f(C
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Example B: Liquid Phase CSTR

In terms of concentration

(1)A+ 2B —C

(2)2A+3C — D

a = _klACACB2
= _kzccicg

(1-4)
w0 —UCa+rV  (=0)

0,Cqo —0,Cs +15V  (=0)

C ) =0-0,Cc +1V (=0)

D): 0-0,Cp+1,V  (=0)

2) Rates (5-14) 3) Stoichiometry: (15-19)

Same as F
15) S¢p = C
Example A (5 Ser = 7500001
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Example C: Gas Phase PFR, No AP

Same reactions, rate laws, and rate constants as
Example A:

2
NOTE: The specific reaction rate k,, is defined with respect to
species A.

(2) 3C+2A—>D  —r_ =k, CC?

NOTE: The specific reaction rate k,. is defined with respect to
species C.




Example C: Gas Phase PFR, No AP

dF dF
1 A=t 3 ==
O = O 5k
dF dF
2 > = 4 2=
@ =% B =h

2) Rate Laws: (5)-(14) same as CSTR
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Example C: Gas Phase PFR, No AP

3) Stoichiometry:
Gas: Isothermal T =T,

F F
(15) CA — CTOF_Ay (16) CB — CTOF_By

T T

F F
(17) CC :CTOF_Cy (18) CD :CTOF_Dy

T T

199K =F, +F+F+F
T A B C D

Packed Bed with Pressure Drop

ﬂ__a(ﬁ jm__gi
23 dw 2y Fro A\ To 2y Fro
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Example C: Gas Phase PFR, No AP

4) Selectivity

S = % =if (V >0.00001) then (ij else(0) (20)

D D

y=1 (21)
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Example D: Membrane Reactor with AP

Same reactions, rate laws, and rate constants as
Example A:

(1) A+2B—C 1, =k,C,C?

NOTE: The specific reaction rate k,, is defined with respect to
species A.

(2) 3C+2A—>D  —r_ =k, CC?

NOTE: The specific reaction rate k,. is defined with respect to
species C.

™~
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Example D: Membrane Reactor with AP

Because the smallest molecule, and the one with the
lowest molecular weight, is the one diffusing out, we will
neglect the changes in the mass flow rate down the
reactor and will take as first approximation: m, = m

dF.

dF

A d\/A:rA (1) C v e Re (3)
dF, dF,

B = (@) D =1, (4)

We also need to account for the molar rate of desired

product C leaving in the sweep gas F, dFCSg

dv ¢

™~

/
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Example D: Membrane Reactor with AP
We need to reconsider our pressure drop equation.

When mass diffuses out of a membrane reactor there
will be a decrease in the superficial mass flow rate, G.
To account for this decrease when calculating our
pressure drop parameter, we will take the ratio of the
superficial mass velocity at any point in the reactor to
the superficial mass velocity at the entrance to the
reactor.

G | YF-Mw
Go _ZFio'MWi_

™~
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Example D: Membrane Reactor with AP

The superficial mass flow rates can be obtained by
multiplying the species molar flow rates, F;, by their
respective molecular weights, Mw, and then
summing over all species:

6 A YR-MW)A  TFMW)
G, mo/Ac1 ZFiO'(MWi)/Acl ZFio(MWi)
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Example D: Membrane Reactor with AP
2) Rate Laws: (5)-(14) same as Examples A, B, and C.

3) Stoichiometry: (15)-(20) same as Examples A and B

(T=To)
dy ok dy __pe B
dW 2y F, dv 2y F,

RC — kc (CC _CCSWeep)
4) Sweep Gas Balance:

—F

V Csg

F +R.AV =0

Csg

dF,

Csg

v © )

V +AV
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Example E: Liquid Phase

Same reactions, rate laws, and rate constants as
Example A:

1) A+2B—>C -, =k,,C,C:

NOTE: The specific reaction rate k,, is defined with respect to
species A.

(2) 3C+2A—>D  —r_ =k, CC?

NOTE: The specific reaction rate k,. is defined with respect to
species C.
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Example E: Liquid Phase

The complex liguid phase reactions take place
In a where Ais fed to B with
Fro= 3 mol/min. The volumetric flow rate is 10
dm3/min and the initial reactor volume is 1,000
dm3.

The maximum volume is 2,000 dm3 and
Cr0=0.3 mol/dm?3 and Cz;,=0.2 mol/dm3. Plot C,,
Cg, C, Cp and Sqp as a function of time.




Example E: Liquid Phase

(1)A+2B—-C (2)2A+3C—D FA%

N~
S~

N, =rV+F, N,, =0 B

dt

dN

dtB =1V Ng, =CgoV, =2.000

dN

d'[C =V Neo =0

dN

D :rDV NDO :O

N t Y,
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Example E: Liquid Phase

2) Rate Laws: (5)-(14)
Net Rate, Rate Laws and relative rate — are the same
as Liguid and Gas Phase PFR and Liquid Phase CSTR
V =V, +vt (15)
N N
Ci=y 6) =2 (17)
N N
C.=—= (18) C,=—=> (19
c=nF 18) Co=-2 (19)
3) Selectivity and Parameters:

S.,p = if (t>0.0001) then (%j else(0) (20)
D

v, =10dm?/min V, =100dm*®  F,, =3mol/min
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End of Lecture 13




