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Review: Nonideal Flow in a CSTR

* |[deal CSTR: uniform reactant concentration throughout the vessel
* Real stirred tank
 Relatively high reactant concentration at the feed entrance
 Relatively low concentration in the stagnant regions, called dead
zones (usually corners and behind baffles)
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Review: Nonideal

Flow in a PBR

» Ideal plug flow reactor: all reactant and product molecules at any given

axial position move at same rate in the

direction of the bulk fluid flow

» Real plug flow reactor: fluid velocity profiles, turbulent mixing, &
molecular diffusion cause molecules to move with changing speeds and

in different directions
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Review: Residence Time Distribution

RTD = E(t) = “residence time distribution” function
RTD describes the amount of time molecules have spent in the reactor

RTD is experimentally determined by injecting an inert “tracer” at t=0 and
measuring the tracer concentration C(t) at exit as a function of time

Measurement of RTD ﬁ 4 ¥ Curve
T > 80— C(t)
Pulse injection Deteiction
t
C(t '
RTD =E(1) - (t) _tracer conc at exit bet\fveen.t & F+At.
fS"C(t)dt sum of tracer conc at exit for infinite time
o E(t)=0 for t<0 since no tracer can exit before it enters
g E(t)dt =1 E(t)=0 for t>0 since mass fractions are always positive

Fraction of material leaving reactor that has _ ftz E(t)dt
been inside reactor for a time between t, & t, !

Slides courtesy of Prof M L Kraft, Chemical & Biomolecular Engr Dept, University of lllinois at Urbana-Champaign.



A pulse of tracer was injected into a reactor, and the effluent concentration as
a function of time is in the graph below. Construct a figure of C(t) & E(t) and
calculate the fraction of material that spent between 3 & 6 min in the reactor

To tabulate E(t): divide C(t) by the total area under
the C(t) curve, which must be numerically evaluated
12 as shown below:

10 14

ofoC(t)dt= [C(t)dt+ fC(t)dt
0 10

ét(fo + 4+ 20 + 4f3 + 264+ 4l + )

C(t) (g/m?)

X
0 2 46 8101214 2 At
] f(x)dx = —(fy +4f, + f
t(mln) )g;) ( ) 3(0+ 1+2)
> g-min g-min g-min
eefC(t)dt=47.4 m3 + 2.6 m3 =50 m3

Slides courtesy of Prof M L Kraft, Chemical & Biomolecular Engr Dept, University of Illinois at Urbana-Champaign.



A pulse of tracer was injected into a reactor, and the effluent concentration as
a function of time is in the graph below. Construct a figure of C(t) & E(t) and
calculate the fraction of material that spent between 3 & 6 min in the reactor

Cg/
m3

E(t) O 0.02 01 016 0.2 0.16 0.12 0.08 0.06 0.044 0.03 0.012 O

fC(t)dt =509
0 m Plot E(t):
Tabulate E(t): divide g () _ C(t) 0.25
C(t) by the total area °°C q 0.2 |
under the C(t) curve: { (t)a 20_15
) 1 Eo1}
E(ty)=—=0 E(t;)=—=0.02 = :
()=, ()= IJJo.og N
E(ty)=> =01 E(ts)=-> =0.16 0246 8101214
50 50 t (min)

Slides courtesy of Prof M L Kraft, Chemical & Biomolecular Engr Dept, University of Illinois at Urbana-Champaign.



Review: RTD Profiles & Cum RTD
Function F(t)
et ectf ectf =0))

>

. > :

T t t Tt t
Nearly Nearly ideal PBR with CSTR with
ideal PFR CSTR channeling & dead zones

dead zones

t
F(t) = fE(t)dt F(t)=fraction of effluent in the reactor less for than time t
0

F(t
F(t) =0 when t<0 (j
F(t)= 0 when t =0 08 [¢—-—-—- ': 80% of the mplecules |
: spend 40 min or less in
F (o) =1 ! the reactor
% |
1-F(t) = (E(t)dt .

t 26 > 1 (min)

Slides courtesy of Prof M L Kraft, Chemical & Biomolecular Engr Dept, University of lllinois at Urbana-Champaign.
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Review: Relationship between E & F

F(t) = fraction of effluent that has been in the reactor for less than time t

_____ RS N F(t)=[E(t)dt
0
I
|
e
8o = g,é > 1
0 S
A s i%o
I
(1), S
> 1 fC(t)dt
0

E(t)= Fraction of material leaving reactor that was inside for a time between t, & t,
Slides courtesy of Prof M L Kraft, Chemical & Biomolecular Engr Dept, University of lllinois at Urbana-Champaign.
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Review: Mean Residence Time, t_

« For an ideal reactor, the space time t is defined as V/v,
« The mean residence time {_, is equal tor in either ideal or nonideal
reactors

_Jo E()t - GE(t)dt=7 Yooty
Jo E(t)dt 0

tn

By calculating t,, the reactor V can be determined from a tracer experiment
% 2
The spread of the distribution (variance): 0 =5 (t-tm ) E(t)dt

Space time T and mean residence time t,, would be equal if the following
two conditions are satisfied:

* No density change

* No backmixing

In practical reactors the above two may not be valid, hence there will be a
difference between them

Slides courtesy of Prof M L Kraft, Chemical & Biomolecular Engr Dept, University of lllinois at Urbana-Champaign.
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Significance of Mixing

*RTD provides information on how long material has been in the reactor
*RTD does not provide information about the exchange of matter within the
reactor (i.e., mixing)!
*For a 1st order reaction: dX

a=k(1—X)

* Concentration does not affect the rate of conversion, so RTD is sufficient
to predict conversion

*But concentration does affect conversion in higher order reactions, so we
need to know the degree of mixing in the reactor

*Macromixing: produces a distribution of residence times without specifying
how molecules of different age encounter each other and are distributed
inside of the reactor

* Micromixing: describes how molecules of different residence time
encounter each other in the reactor

Slides courtesy of Prof M L Kraft, Chemical & Biomolecular Engr Dept, University of lllinois at Urbana-Champaign.
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Quality of Mixing
*RTDs alone are not sufficient to determine reactor performance

*Quality of mixing is also required
Goal: use RTD and micromixing models to predict conversion in real reactors

2 Extremes of Fluid Mixing

Maximum mixedness: molecules are
free to move anywhere, like a
microfluid. This is the extreme case

of early mixing
Gases and ordinary
not very viscous
liquids

: : :Mi‘c_r'oflu_id

\_Individual molecules are free
to move about and intermix
Slides courtesy of Prof M L Kraft, Chemical & Biomolecular Engr Dept, University of lllinois at Urbana-Champaign.
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Quality of Mixing
*RTDs alone are not sufficient to determine reactor performance

*Quality of mixing is also required
Goal: use RTD and micromixing models to predict conversion in real reactors

2 Extremes of Fluid Mixing
Maximum mixedness: molecules are Complete seqgregation: molecules of

free to move anywhere, like a a given age do not mix with other
microfluid. This is the extreme case globules. This is the extreme case of
of early mixing late mixing
Gases and ordinary Noncoalescing droplets
not very viscous Solid particles
liquids Very viscous liquids
o Microfluid 250 Macrofluid = 25
e T T IR R B P TS R ) S— —

\Individual molecules are free \ N:glueceuéeti)aghﬁpitn
to move about and intermix groupea tog
aggregates or packets
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Complete Segregatlon I\/Iodel

s JEes e ooeesls RN ND

1 Mixing of different
| ‘age groups’ at the
.| last possible
moment

* Flow is visualized in the form of globules

« Each globule consists of molecules of the same residence time
+ Different globules have different residence times

* No interaction/mixing between different globules

The mean conversion is the average conversion of the various globules in

the exit stream: Xp = 3iXn (tj ]E(tj lA\t
/
Conversion achieved after Fraction of globules that spend
spending time t; in the reactor between t; and { + At in the reactor

At—0 X4(t) is from the batch

reactor design equation

Xy = [ Xa (DE(t)dt
0

Slides courtesy of Prof M L Kraft, Chemical & Biomolecular Engr Dept, University of lllinois at Urbana-Champaign.
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Complete Segregation Example

First order reaction, A—Products

Batch reactor dXp - _ dX
design equation: Nao =5 =V Nao —dt =kCpV
dX dX
%NAO—_kCAO(’I XA)V %NAO__kNAO('I XA)
dt dt
dX
— D =k(1-Xa) Sl (1) =1-e™

dt

To compute conversion for a reaction with a 1st order rxn and complete
segregation, insert E(t) from tracer experiment and X,(t) from batch reactor

design equation into:
Xa = [Xa(t)E(t)dt  &integrate
0

Slides courtesy of Prof M L Kraft, Chemical & Biomolecular Engr Dept, University of lllinois at Urbana-Champaign.
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Maximum Mixedness Model

In a PFR: as soon as the fluid enters the reactor, it is completely mixed radially
with the other fluid already in the reactor. Like a PFR with side entrances,
where each entrance port creates a new residence time:

Yo
Us+Ad — Uy
V=0 A +AN A V=V,

A\ time it takes for fluid to move from a particular point to end of the reactor

v(\): volumetric flow rate at A, = flow that entered at A+AA\ plus what entered

through the sides

v,E(A)AN: Volumetric flow rate of fluid fed into side ports of reactor in interval

between A + AL & A

Volumetric flow rate of fluid fed to reactor at A: v(4) = vpf; E(4)dA =1 [14F(4)
fraction of effluent in reactor for less than time t

Volume of fluid with life expectancy between 4 + A4 & A: AV = [1-F(1)]AL

Slides courtesy of Prof M L Kraft, Chemical & Biomolecular Engr Dept, University of lllinois at Urbana-Champaign.
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Maximum Mixedness & Polymath

E(/l) —residence time distribution function

Mole balance on dXp N X
Agives:  qi  C,q 1-FF(A) A

fraction of effluent in reactor for less than time t

*E(t) must be specified
« Often it is an expression that fits the experimental data
2 curves, one on the increasing side, and a second for the decreasing
side
« Use the IF function to specify which E is used when
A :

See section 13.8 E
in book

Also need to replace A because Polymath cannot calculate as A gets smaller
z=T-1 where T is the longest time measured

dXp 1A E(T-2z) x . Note that the sign on

dz  Cpo 1-F(T-2) A each term changes

Slides courtesy of Prof M L Kraft, Chemical & Biomolecular Engr Dept, University of lllinois at Urbana-Champaign.



Review: Nonideal Flow & Reactor
Real CSTRs DeSIQRQaI PBRs

 Relatively high reactant conc at « fluid velocity profiles, turbulent
entrance mixing, & molecular diffusion
 Relatively low conc in stagnant cause molecules to move at
regions, called dead zones varying speeds & directions
(corners & behind baffles)
Short Circuiting, 2 — channeling
Lo 1 21360600008
Dead Zone ‘f"'l“"":—’ —riog&
L —* 0
\‘ @\ID ai-. =L
. &‘;é Dead zones
LQ_E—’

Dead Zone !

Goal: mathematically describe non-ideal flow and solve design problems
for reactors with nonideal flow

Slides courtesy of Prof M L Kraft, Chemical & Biomolecular Engr Dept, University of lllinois at Urbana-Champaign.
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RTD describes the amount of time molecules have spent in the reactor

RTD is experimentally determined by injecting an inert “tracer” at t=0 and
measuring the tracer concentration C(t) at exit as a function of time

Measurement of RTD ﬁ 4 ¥ The C curve
> 60— C(t)
Pulse iI\jection Deteiction /\_)
t
C(t) tracer conc at exit between t & t+At

fg’C(t)dt ) sum of tracer conc at exit for infinite time

% E(t)=0 for t<0 since no fluid can exit before it enters
g E(t)dt =1 E(t)=0 for t>0 since mass fractions are always positive

Fraction of material leaving reactor that has _ ftz E(t)dt
been inside reactor for a time between t, & t, !

Slides courtesy of Prof M L Kraft, Chemical & Biomolecular Engr Dept, University of lllinois at Urbana-Champaign.



Ectf] Ectf] Nice multiple
choice
question

- > : >

T t t Tt t
Nearly Nearly ideal PBR with CSTR with
ideal PFR CSTR dead zones dead zones

The fraction of the exit stream that has resided in the reactor for a period
of time shorter than a given value t:

F(t) is a cumulative distribution function

féE(t)dt - F(t) F(l‘j‘

PEdt=1-F(t) | o uoooos |
F(t) =0 when t<0 ! 80% of the mplecules |
: spend 40 min or less in
F(t)=0whent=0 | the reactor
I
F(o)=1 |
() : .
40

Slides courtesy of Prof M L Kraft, Chemical & Biomolecular Engr Dept, University of lllinois at Urbana-Champaign.
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Review: Mean Residence Time, t_

« For an ideal reactor, the space time t is defined as V/v,
« The mean residence time f_, is equal to 7 in either ideal or nonideal
reactors

v
ty, = - [FE()dt=7  —=T=ty

&)
By calculating t,, the reactor V can be determined from a tracer experiment
% 2
The spread of the distribution (variance): 0 =5 (t-tm ) E(t)dt

Space time T and mean residence time t,, would be equal if the following
two conditions are satisfied:

* No density change

* No backmixing

In practical reactors the above two may not be valid, hence there will be a
difference between them

Slides courtesy of Prof M L Kraft, Chemical & Biomolecular Engr Dept, University of lllinois at Urbana-Champaign.



Review: Complete Segregation

Vo

| Mixing of different
| ‘age groups’ at the
1 last possible

{ moment

* Flow is vi;halized in the form of globules

« Each globule consists of molecules of the same residence time
+ Different globules have different residence times

* No interaction/mixing between different globules

The mean conversion is the average conversion of the various globules in

the exit stream: Xp = 3iXn (tj ]|E(tj lA\t
/
Conversion achieved after Fraction of globules that spend
spending time t; in the reactor between t; and { + At in the reactor

M0 o X,(t) is from the batch
>Xa = [ Xp (t)E(t)dt A
A g A( ) ( ) reactor design equation

Slides courtesy of Prof M L Kraft, Chemical & Biomolecular Engr Dept, University of lllinois at Urbana-Champaign.
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Review: Maximum Mixedness Model

In a PFR: as soon as the fluid enters the reactor, it is completely mixed radially
with the other fluid already in the reactor. Like a PFR with side entrances,
where each entrance port creates a new residence time:

Yo
Us+Ad — Uy
V=0 A +AN A V=V,

A\ time it takes for fluid to move from a particular point to end of the reactor

v(\): volumetric flow rate at A, = flow that entered at A+AA plus what entered

through the sides

v,E(A)AN: Volumetric flow rate of fluid fed into side ports of reactor in interval

between A + AL & A

Volumetric flow rate of fluid fed to reactor at A: v(4) =1y (; E(4)dA =y [14F (1)
fraction of effluent that in reactor for less than time t

Volume of fluid with life expectancy between 4 + AL & A: AV = [1-F()]A4

Slides courtesy of Prof M L Kraft, Chemical & Biomolecular Engr Dept, University of lllinois at Urbana-Champaign.




For a pulse tracer expt, the effluent concentration C(t) & RTD function E(t) are given
in the table below. The irreversible, liquid-phase, nonelementary rxn A+B—C+D,
-r,=kC,Cg? will be carried out isothermally at 320K in this reactor. Calculate the
conversion for (1) an ideal PFR and (2) for the complete segregation model.
Cp0=Cgp=0.0313 mol/L & k=176 L?/mol?-min at 320K

tmin] 00 1 12| 3 |45 16 7 | 8] 9 |10 12 14

(?n%/ 0 1 3) 8 10 8 6 4 3 22 15 06 O

E(t) O 0.02 01 0.16 02 0.16 0.12 0.08 0.06 0.044 0.03 0.012 O

Slides courtesy of Prof M L Kraft, Chemical & Biomolecular Engr Dept, University of Illinois at Urbana-Champaign.



For a pulse tracer expt, the effluent concentration C(t) & RTD function E(t) are given
in the table below. The irreversible, liquid-phase, nonelementary rxn A+B—C+D,
-r,=kC,Cg? will be carried out isothermally at 320K in this reactor. Calculate the
conversion for (1) an ideal PFR and (2) for the complete segregation model.
C0=Cg=0.0313 mol/L & k=176 L?/mol?-min at 320K

tmin] 00 1 12| 3 |45 16 7 | 8] 9 |10 12 14

%%/01581086432.21.50.60

E(¢) O 0.02 01 0.16 0.2 0.16 0.12 0.08 0.06 0.044 0.03 0.012 O
Start with PFR design eq & see how far can we get:

_ 2
dXA _ A — dXA = kCACB CA = CAO (1 - XA) CB = CBO (1 — XA)

dV FAO dV CAOUO
2 3 . XA VkCan?
__dXp _KBagCro” (1-Xa)” Get like terms g dXa - <&Bo gy
dv Crally together & integrate  § (1_x,, )3 0 U
XA 5
s 1 =kCBO vV 1 —1=2kC820T — XA =1- 1
2 1- X, ) A 2
2(1—XA) 0 o ( - A) 2kCBO 7+ 1

Slides courtesy of Prof M L Kraft, Chemical & Biomolecular Engr Dept, University of Illinois at Urbana-Champaign.



For a pulse tracer expt, the effluent concentration C(t) & RTD function E(t) are given
in the table below. The irreversible, liquid-phase, nonelementary rxn A+B—C+D,
-r,=kC,Cg? will be carried out isothermally at 320K in this reactor. Calculate the
conversion for (1) an ideal PFR and (2) for the complete segregation model.
C0=Cg=0.0313 mol/L & k=176 L?/mol?-min at 320K

tmin] 0 1 | 2] 3 1456 7 | 8 9 10 12 14

%%/01581086432.21.50.60

E(t) O 0.02 0.1 0.16 0.2 0.16 0.12 0.08 0.06 0.044 0.03 0.012 O
t*E(t) O 0.02 0.2 048 08 08 0.72 056 048 039 03 0144 O

X« =1 1 How do we For an idealooreactor, T=t,
A~ ZKCBOZT” determine t? tm = o tE(t)dt

. 00 10 14
Use numerlcgl method t = ftE(t)dt _ ftE(t)dt+ [ tE(t)dt
to determine t: 0 0 10

0+ 4(0.02) + 2(0.2) +4(0.48) + 2(0.8) + 4(0.8)
+2(O.72) + 4(0.56) + 2(0.48) + 4(0.396) +0.3

10 1

gtE(t)dt=§

=4.57

14 2 _
[AE(t)dt=[0.3+4(0.144)+0] = 0.584 >ty =457 +0584 =5.15min

Slides courtesy of Prof M L Kraft, Chemical & Biomolecular Engr Dept, University of lllinois at Urbana-Champaign.



For a pulse tracer expt, the effluent concentration C(t) & RTD function E(t) are given
in the table below. The irreversible, liquid-phase, nonelementary rxn A+B—C+D,
-r,=kC,Cg? will be carried out isothermally at 320K in this reactor. Calculate the
conversion for (1) an ideal PFR and (2) for the complete segregation model.
C0=Cg=0.0313 mol/L & k=176 L?/mol?-min at 320K

tmin] 0 1 | 2] 3 1456 7 | 8 9 10 12 14

%%/01581086432.21.50.60

E(t) O 0.02 0.1 0.16 0.2 0.16 0.12 0.08 0.06 0.044 0.03 0.012 O
t*E(t) O 0.02 0.2 048 08 08 0.72 056 048 039 03 0144 O

X 1 1 For an ideal PFR reactor, t =1t
A 2kCBOZT+1 tm =f80tE(t)dt tm = 5.15m|n =T
1
Xpprr =1- 5 5
L mol .
2|176 (0.0313) (5.15min) +1
\ mol“ -min L

Slides courtesy of Prof M L Kraft, Chemical & Biomolecular Engr Dept, University of Illinois at Urbana-Champaign.



For a pulse tracer expt, the effluent concentration C(t) & RTD function E(t) are given

in the table below. The irreversible, liquid-phase, nonelementary rxn A+B—C+D,
-r,=kC,Cg? will be carried out isothermally at 320K in this reactor. Calculate the
conversion for an ideal PFR, the complete segregation model and maximum mixedness

model. C,,=Cgz,=0.0313 mol/L & k=176 L?/mol?-min at 320K

tmin] 00 1 12| 3 |45 16 7 | 8] 9 |10 12 14

%%/01581086432.21.50.60

E(t) O 0.02 01 0.16 0.2 0.16 0.12 0.08 0.06 0.044 0.03 0.012 O
Segregation model: Xp = [ Xa (t)E(t)dt Xa(t) is from batch reactor design eq
0

Numerical method
1. Solve batch reactor design equation to determine eq for X,

2. Determine X, for each time
3. Use numerical methods to determine X,

Polymath Method

1. Use batch reactor design equation to find eq for X,

2. Use Polymath polynomial curve fitting to find equation for E(t)
3. Use Polymath to determine X,

Slides courtesy of Prof M L Kraft, Chemical & Biomolecular Engr Dept, University of Illinois at Urbana-Champaign.



For a pulse tracer expt, the effluent concentration C(t) & RTD function E(t) are given

in the table below. The irreversible, liquid-phase, nonelementary rxn A+B—C+D,
-r,=kC,Cg? will be carried out isothermally at 320K in this reactor. Calculate the
conversion for an ideal PFR, the complete segregation model and maximum mixedness

model. C,,=Cgz,=0.0313 mol/L & k=176 L?/mol?-min at 320K

tmin] 00 1 12| 3 |45 16 7 | 8] 9 |10 12 14

%%/01581086432.21.50.60

E(t) O 0.02 01 0.16 0.2 0.16 0.12 0.08 0.06 0.044 0.03 0.012 O
Segregation model: Xp = [ Xa (t)E(t)dt Xa(t) is from batch reactor design eq

0
Batch design eq: NAO =CpoV
dX dX ;
Nao P _ —tAV = Npg 2 =KCaoCro? (1- Xa >V = — A =kCgo® (1~ Xa )
dt dt dt
C ] XA t XA
Stoichiometry: . dXp  _ [kCgo2dt — 1 | =kCgot
—I'a =kCACBz 0 (1—XA) 0 2(1—XA) 0
Car =Cag(1=-Xyp )
A AO( A) . 1 _1=2kCBOZt X, =1- 1
12X, )2 1+ 2kCpy°t
Cg=Cgo(1-Xa)|  (1-Xa) B

Slides courtesy of Prof M L Kraft, Chemical & Biomolecular Engr Dept, University of Illinois at Urbana-Champaign.



For a pulse tracer expt, the effluent concentration C(t) & RTD function E(t) are given

in the table below. The irreversible, liquid-phase, nonelementary rxn A+B—C+D,
-r,=kC,Cg? will be carried out isothermally at 320K in this reactor. Calculate the
conversion for an ideal PFR, the complete segregation model and maximum mixedness

model. C,,=Cgz,=0.0313 mol/L & k=176 L?/mol?-min at 320K

tminlo| 4 |2 3 1451 6 | 7 8 | 0o 10|12 14

Cm%/ o 1 5 8 10 8 6 4 3 22 15 06 0

E®) 0 002 01 016 0.2 016 012 0.08 0.06 0.044 003 0012 O
XA
Segregation model:

Lo 1 1
Xp = [Xa(DE(t)dt Xy =1- - 1-
A = PR A \/1+2kCBozt \/1+o.3429min-1t

Plug in each t & solve

Numerical method 1
X py = 1= oy
Al0) \/ 1+0.3429min™" (0)
1
Xa(r) =1- L =0.137
1+0.3429min"" (1min)

Slides courtesy of Prof M L Kraft, Chemical & Biomolecular Engr Dept, University of Illinois at Urbana-Champaign.



For a pulse tracer expt, the effluent concentration C(t) & RTD function E(t) are given

in the table below. The irreversible, liquid-phase, nonelementary rxn A+B—C+D,
-r,=kC,Cg? will be carried out isothermally at 320K in this reactor. Calculate the
conversion for an ideal PFR, the complete segregation model and maximum mixedness

model. C,,=Cgz,=0.0313 mol/L & k=176 L?/mol?-min at 320K

tminlo| 4 |2 3 1451 6 | 7 8 | 0o 10|12 14

Cm%/ o 1 5 8 10 8 6 4 3 22 15 06 0

E®) 0 002 01 016 02 016 0.12 0.08 006 0044 003 0012 O
Xy 0 0.137 0.23 0.298 0.35 0.39 0.428 0.458 0.483 0.505 0.525 0.558 0.585

Segregationg = 1 \/ 1
Xa = [Xa (H)E(t)dt Xp =1- -1-
model: Atl A(LE(DAL X \/1+2k0802t 1+0.3429min""t

— o0 10 14
Numerical method Xp = [ Xa (t)E(t)dt = [ X5 (t)E(t)dt+ [ X, (t)E(t)dt
0 0 10

0+ 4(0.137)(0.02) + 2(0.23)(0.1) + 4(0.298)(0.16)

[ X (DE(t)dt = ; +2(0.35)(0.2) + 4(0.39)(0.16) + 2(0.428)(0.12) + 4 (0.458)(0.08)
0 +2(0.483)(0.06) + 4(0.505)(0.044) + 0.525(0.03)

X (DE()dt = 0.35

0
Slides courtesy of Prof M L Kraft, Chemical & Biomolecular Engr Dept, University of Illinois at Urbana-Champaign.




For a pulse tracer expt, the effluent concentration C(t) & RTD function E(t) are given

in the table below. The irreversible, liquid-phase, nonelementary rxn A+B—C+D,
-r,=kC,Cg? will be carried out isothermally at 320K in this reactor. Calculate the
conversion for an ideal PFR, the complete segregation model and maximum mixedness

model. C,,=Cgz,=0.0313 mol/L & k=176 L?/mol?-min at 320K

tminlo| 4 |2 3 1451 6 | 7 8 | 0o 10|12 14

Cm%/ o 1 5 8 10 8 6 4 3 22 15 06 0

E®) 0 002 01 016 02 016 0.12 0.08 006 0044 003 0012 O
Xy 0 0.137 0.23 0.298 0.35 0.39 0.428 0.458 0.483 0.505 0.525 0.558 0.585

Segregationg = 1 \/ 1
Xa = [Xa (H)E(t)dt Xp =1- -1-
model: Atl A(LE(DAL X \/1+2k0802t 1+0.3429min""t

o 14
Numerical method Xp = [ Xa (t)E(t)dt =0.35+ [ X, (t)E(t)dt
0 10

14

X (DE(t)dt -

(0.525)(0.03) +4(0.558)(0.012) + (0.585)0] = 0.0425

WIN

X = [Xa (t)E(t)dt =0.35+0.04 — X, =0.39
0

Slides courtesy of Prof M L Kraft, Chemical & Biomolecular Engr Dept, University of Illinois at Urbana-Champaign.



For a pulse tracer expt, the effluent concentration C(t) & RTD function E(t) are given

in the table below. The irreversible, liquid-phase, nonelementary rxn A+B—C+D,
-r,=kC,Cg? will be carried out isothermally at 320K in this reactor. Calculate the
conversion for an ideal PFR, the complete segregation model and maximum mixedness

model. C,,=Cgz,=0.0313 mol/L & k=176 L?/mol?-min at 320K

tminlo| 4 |2 3 1451 6 | 7 8 | 0o 10|12 14

Cm%/ o 1 5 8 10 8 6 4 3 22 15 06 0

E®) 0 002 01 016 02 016 0.12 0.08 006 0044 003 0012 O
Xy 0 0.137 0.23 0.298 0.35 0.39 0.428 0.458 0.483 0.505 0.525 0.558 0.585

Alternative approach: segregation model by Polymath:

_ dX 1
Xa = Xa(t)E(L)dt A XA (DE(H Xa =1-
A g A (H)E(t) at Al(t) I() A \/1+2kCBOZt

Need an equation for E(t) k=176
Co=0.0313

Use Polymath to fit the E(t) vs t data in the table to a polynomial

Slides courtesy of Prof M L Kraft, Chemical & Biomolecular Engr Dept, University of Illinois at Urbana-Champaign.



time  E(t)
1
i =
Data Tablé = EoE o)
R002 : C005 [§05 v [ & Regression | Analysis | Graph |
C01¢ coz co~
| | :| @ | E | = | v Graph [v Residuals
01 0 0
02 1 0.02 v Beport [ Store Model
el 2 i Linear & Polynomial I Multiple linear | Nonlinear |
04 3 0.16
05 | 4 0.20 Dependent Variable |c02 Ll
— > 010 Independent Variabl
07 6 0.12 ndependent Yariable |CU1 LI
08 7 0.08 Polynomial Dearee
08 8 0.06
10 9 0.044
11 10 0.03
12 12 0.012
13 14 0 [V Through origin
14 -
4 _;l ' Polynomial
P13-9-b-rearession.pol  No Title Y

Final Equation:

For the irreversible, liquid-
phase, nonelementary rxn A
+B—C+D, -r,=kC,Cg?
Calculate the X, using the
complete segregation model
using Polymath

it

Model: C02=a1*C01 + a2*C0172 + a3*C0143 + a4*C01"4

a1=0.0889237

a2=-0.0157181
a3= 0.0007926

a4=-8.63E-06

E= 0.0889237*t -0.0157181*t* + 0.0007926*t3 — 8.63E-6™t4

Slides courtesy of Prof M L Kraft, Chemical & Biomolecular Engr Dept, University of lllinois at Urbana-Champaign.



Complete segregation model by Polymath
Ordinary Differential Equations Solver

A+B—C+D

Slides courtesy of Prof M L Kraft, Chemical & Biomolecular Engr Dept, University of Illinois at Urbana-Champaign.

ini-

d[xl Xf'. finl

B | [RKF5 <~

[ Table v Graph |v Report

Differential Equations: 1 |Auxiliary Equations: 4 ‘\/ Ready for solution

cbo =
k=176

d(xbar)/d(t) = E*x
0.

0313

x = 1-(1/(1+2*k*cbo"2*t))*0.5

E = 0.0889237*t-0.0157181*t"2+0.000792*t"3-0.00000863*t"4

t(0)=0

xbar(0)=0

t(f=14
B Variable Initial value Minimal value Maximal value Final value
1/cbo 0.0313 0.0313 0.0313 0.0313
2 E 0 -0.0082267 0.1527078 0.0059021
3k 176. 176. 176. 176.
4t 0 0 14. 14.
5% 0 0 0.5857681 0.5857681
6 | xbar 0 0 0.3700224 0.363242

Segregation model by Polymath: Xa =0.36




For a pulse tracer expt, the effluent concentration C(t) & RTD function E(t) are given

in the table below. The irreversible, liquid-phase, nonelementary rxn A+B—C+D,
-r,=kC,Cg? will be carried out isothermally at 320K in this reactor. Calculate the
conversion for an ideal PFR, the complete segregation model and maximum mixedness
model. C,,=Cgy=0.0313 mol/L & k=176 L?/mol?-min at 320K

tmin] 00 1 12| 3 |45 16 7 | 8] 9 |10 12 14

%%/01581086432.21.50.60
E(t) O 0.02 01 0.16 0.2 0.16 0.12 0.08 0.06 0.044 0.03 0.012 O
Maximum mixedness model: 9Xa _ Ta E(4) X i ﬁ=E
+ A=time
dA  Cpo 1-F(2) d
/ F(2) is a cumulative distribution function
2
—rp =kCagCro° (1-Xa )’ |Cao =Cgo =0.0313mol/L| |, _47¢_ L
mol? - min

Polymath cannot solve because A—0 (needs to increase)
Substitute A for z, where z=T-A where T=longest time interval (14 min)

= E must be in terms of T-z.
E(T-z _ i
Xa__[a, ( - ) A dF _ -E(T-z)| Since T-z=A & A=t, simply
dz Cao 1- F(T - Z) dz substitute A for t

E(\)= 0.0889237*)\-0.0157181*A2 + 0.0007926*)3 — 8.63E-6*\*

Slides courtesy of Prof M L Kraft, Chemical & Biomolecular Engr Dept, University of Illinois at Urbana-Champaign.




Maximum Mixedness Model, nonelementary reaction A+B—C+D
Ordinary Differential Equations Solver
), x 1 € [x] P |HKF45 LI [~ Table [~ Graph v Report

Differential Equations: 2 | Auxiliary Equations: 9 v Ready for solution

d(X) / d(z) = -(ra/Cao+E/(1-F)*X) —
ra=-k*Cao*(Cbo"2)*(1-X)"3 T, T~ + = XA
Ca0=0.0313 dF — dz Cao 1—F(T ‘Z)

Cbo=00313 |1 _ —E(T _ z)

k=176 dz Denominator
d(F)/ d(z)=-E~ ~

F(0) = 0.99 cannot =0
E1=0.0889237*lam-0.0157181*lam"2+0.0007926*lam"3-0.00000863*lam"4 = =
lam=14-z Z=T—/’L%/’L=T—Z
E=if((lam>=t1)and(lam<=t2))then(E1) else(0)

t1=0

t2;14 ) Eq for E describes RTD function only on
= 14 interval t= 0 to 14 minutes, otherwise E=0

X = 0.347

A, maximum mixedness

Slides courtesy of Prof M L Kraft, Chemical & Biomolecular Engr Dept, University of lllinois at Urbana-Champaign.



For a pulse tracer expt, C(t) & E(t) are given in the table below. The irreversible, liquid-
phase, nonelementary rxn A+B—C+D, -r,=kC,Cg? will be carried out in this reactor.
Calculate the conversion for the complete segregation model under adiabatic conditions
with T,= 288K, C,,=Cg,=0.0313 mol/L, k=176 L?/mol?>-min at 320K, AH,=-40000 cal/
mol, E/R =3600K, Cpy=Cpg=20cal/mol-K & C,-=Cy;=30 cal/mol-K

tmin] 00 1 12| 3 |45 16 7 | 8] 9 |10 12 14

fn%/ o 1 5 8 10 8 6 4 3 22 15 06 O
E(t) O 002 01 016 0.2 016 0.12 0.08 0.06 0.044 0.03 0.012 O

dX dX 3
Polymath eqgs for segregation model: d—tA = XA (t)E(t) d—tA = kC502 (1 - XA)

E(t)= 0.0889237*t -0.0157181*t? + 0.0007926™t> —

8@%5%63* 4k as 12

function of T: k(T)=176

- 3600K(L -1)}
mol“ - min 320K T

Need equations from energy balance. For adiabatic operation:

exp

n
[—AHORX (TR )] XA + 21 ®iCpiT0 + XAACPTR
T-= i=

n
igl @iCpi + XAACP ]

Slides courtesy of Prof M L Kraft, Chemical & Biomolecular Engr Dept, University of lllinois at Urbana-Champaign.



For a pulse tracer expt, C(t) & E(t) are given in the table below. The irreversible, liquid-
phase, nonelementary rxn A+B—C+D, -r,=kC,Cg? will be carried out in this reactor.
Calculate the conversion for the complete segregation model under adiabatic conditions
with T,= 288K, C,,=Cg,=0.0313 mol/L, k=176 L?/mol?>-min at 320K, AH,=-40000 cal/

mol, E/R =3600K, Cpy=Cpg=20cal/mol-K & C,-=Cy;=30 cal/mol-K

tmin] 00 1 12| 3 |45 16 7 | 8] 9 |10 12 14

9 0o 1 5 8 10 8 6 4 3 22 15 06 O

E(t) O 0.02 01 016 02 0.16 0.12 0.08 0.06 0.044 0.03 0.012 O

n
Energy balance for [_AHORX (TR)] Xp + 21 0iCp; To + XaACp TR
=

adiabatic operation:

n
21 O,Cp, + XAACP} Not zero!

4 cal \
C. = =4
2,90 =Coa O =40 A, =(30+30-20-20) % _2p
mol-K mol-K
cal cal dX dx 3
1702 — X, +576 — A SAA 2(1-
Ll mol AT ot Xa(DE(Y) |74 =KCso (1-Xa)
cal cal
2 + X 2
mol-K A(moI-K) k(T)=176 = exp|3600K( .+ ]
mol® - min 320K T

E(t)= 0.0889237*t -0.0157181*t2 + 0.0007926*t> — 8.63E-6*t*

Slides courtesy of Prof M L Kraft, Chemical & Biomolecular Engr Dept, University of lllinois at Urbana-Champaign.




Segregation model adiabatic operation, nonelementary reaction kinetics

A+B—C+D

Slides courtesy of Prof M L Kraft, Chemical & Biomolecular Engr Dept, University of Illinois at Urbana-Champaign.

. | Ordinary Differential Equations Solver

% 1 @ E P | [ree

LI [~ Table [T Graph |v Report

[Differential Equations: 2 [Auxiliaty Equations: 4 f\/ Ready for solution

d(Xbar) / dit) = E*X
Xbar(0) =0

Cbo= 00313
E=

t(0)=0

t(f)=14

k=176"exp(3600%(1/320-1/T))
T=(1702*X+576)/(2+X)

0.0889237%t-0.0157181"t*2+0.000792*t*3-0.00000863"t"4

d(X) / d(t) = k*Cbo*Cbo*(1-X)"3

X0)=0

~ |variable Initial value Minimal value Maximal value Final value

T Cbo 0.0313 0.0313 0.0313 0.0313

E E 0 -0.0082169 0.15272 0.0059021

5 k 50.42484 50.42484 1.137E+05 1.137E+05

Z T 288. 288. 753.3253 753.3253

5t 0 0 14. 14.

E X 0 0 0.9810008 0.9810008

7 Xbar 0 0.9413546 0.9296179
XA =0.93




The following slides show how the same problem would be solved and
the solutions would differ if the reaction rate was still -r,=kC,Cz? but the
reaction was instead elementary: A+2B—C+D

These slides may be provided as an extra example problem that the
students may study on there own if time does not permit doing it in class.

Slides courtesy of Prof M L Kraft, Chemical & Biomolecular Engr Dept, University of lllinois at Urbana-Champaign.



For a pulse tracer expt, the effluent concentration C(t) & RTD function E(t) are given

in the table below. The irreversible, liquid-phase, elementary rxn A+2B—C+D,
-r,=kC,Cg? will be carried out isothermally at 320K in this reactor. Calculate the
conversion for an ideal PFR, the complete segregation model and maximum mixedness
model. C,,=Cgz,=0.0313 mol/L & k=176 L?/mol?-min at 320K

tmin] 00 1 12| 3 |45 16 7 | 8] 9 |10 12 14

%%/01581086432.21.50.60

E(t) O 0.02 01 0.16 0.2 0.16 0.12 0.08 0.06 0.044 0.03 0.012 O
Start with PFR design eq  dXa _ —ra __dXa KCACg® __ dXa kCaCg®

& see how farcanwe get: gy F,, dV  Cagtp dr C g
b_2
Ca =Cao(1-Xa) Vb=5=;*CB=CBo(1—2XA)
dX,  KkCmeCro2(1-Xa)(1-2Xa)* —|9%A 2 2
_, 9Xa _ kCreCro ( Al A — A =KkCgo~ (1-Xp )(1-2X,)
dr \%9 dz
Cgo =0.0313 | | k=0.0313

Could solve with Polymath if we knew the value of ©

Slides courtesy of Prof M L Kraft, Chemical & Biomolecular Engr Dept, University of lllinois at Urbana-Champaign.



For a pulse tracer expt, the effluent concentration C(t) & RTD function E(t) are given

in the table below. The irreversible, liquid-phase, elementary rxn A+2B—C+D,
-r,=kC,Cg? will be carried out isothermally at 320K in this reactor. Calculate the
conversion for an ideal PFR, the complete segregation model and maximum mixedness

model. C,,=Cgz,=0.0313 mol/L & k=176 L?/mol?-min at 320K

tmin] 0 1 | 2] 3 1456 7 | 8 9 10 12 14

%%/01581086432.21.50.60

E(¢) O 0.02 01 016 0.2 0.16 0.12 0.08 0.06 0.044 0.03 0.012 O
t*E(t) 0 0.02 0.2 048 0.8 08 0.72 056 048 0.39% 0.3 0.144 O
For an ideal reactor, t =t

dXa 2 2 How do we
dr kCpo” (1-Xa )(1-2X4 ) determine t? tn = fo tE(t)dt

. 00 10 14

Use numerlcgl method ty, = [tE(t)dt = [ tE(t)dt+ [ tE(t)dt
to determine t: 0 0 10

10 1[0+4(0.02)+2(0.2)+4(0.48)+2(0.8)+4(0.8)

tE(t)dt = =457
P =31 5(0.72)+ 4(0.56) + 2(0.48) + 4(0.396) + 0.3

14
[tE(t)dt = % [0.3+4(0.144)+0]=0.584 —t;, =4.57+0.584 = 5.15min
10

Slides courtesy of Prof M L Kraft, Chemical & Biomolecular Engr Dept, University of lllinois at Urbana-Champaign.



For a pulse tracer expt, the effluent concentration C(t) & RTD function E(t) are given

in the table below. The irreversible, liquid-phase, elementary rxn A+2B—C+D,
-r,=kC,Cg? will be carried out isothermally at 320K in this reactor. Calculate the
conversion for an ideal PFR, the complete segregation model and maximum mixedness

model. C,,=Cgz,=0.0313 mol/L & k=176 L?/mol?-min at 320K

tmin] 0 1 | 2] 3 1456 7 | 8 9 10 12 14

%%/01581086432.21.50.60

E(t) O 0.02 0.1 0.16 0.2 0.16 0.12 0.08 0.06 0.044 0.03 0.012 O

t*E(t) O 0.02 0.2 048 08 08 0.72 056 048 039 03 0144 O
For an ideal reactor, t =t

dX

S kCao” (1-Xa)(1-2Xa )° ty = [CtE(t)dt —>t_=5.15min=7
' Ordinary Differential Equations Solver Final XA

w0 @ | B =] I Ise ¥ Gush W Aot corresponds to

 Differential Equations: 1 | Auxiliary Equations: 2 |v Ready for solution

d(X) / d(t) = (k*Cbo*Cbo*(1-X)*(1-2*X)*(1-2*X))

TG Xpprr = 0.29

Cbo=0.0313]

t(0)=10

}(f‘: - 5.'_.15- L i g — e =i, Of llinois at Urbana-Champaign.




For a pulse tracer expt, the effluent concentration C(t) & RTD function E(t) are given

in the table below. The irreversible, liquid-phase, elementary rxn A+2B—C+D,
-r,=kC,Cg? will be carried out isothermally at 320K in this reactor. Calculate the
conversion for an ideal PFR, the complete segregation model and maximum mixedness

model. C,,=Cgz,=0.0313 mol/L & k=176 L?/mol?-min at 320K

tmin] 00 1 12| 3 |45 16 7 | 8] 9 |10 12 14

%93/01581086432.21.50.60

E(t) O 0.02 0.1 016 0.2 0.16 0.12 0.08 0.06 0.044 0.03 0.012 O
Xa(t) is from
batch reactor

Segregation model %% X~ (DE(t
with Polymath: A fXA( JE(t)dt |~ 5 = Xa (VE(Y)

design eq
Batch reactor dX dX A 5 5
designeq:  Nao d—tA =—TpV %NW@ = kCxoCro” (1-Xa )(1-2Xp )"V
- dX NAO = CAOV
Stoichiometry: s th _ kCBoz (1= X )(1=2X4 )2
—Ip = kCACBz

Best-fit polynomial line
Cp =Cag(1-Xa )| |K=176 Cpo=0.0313 for E(t) vs t calculated
by Polymath (slide 19)

Cg = Cgp (1-2X
%HEWM@L E(t)= 0.0889237* -0.0157181*2 + 0.0007926** — 8.63E-6*t4




Segregatlon model isothermal operation, elementary rxn: A+2B—C+D

. | Ordinary Differential Equations Solver
d, X 1 € @ )3 l RKF45 j [~ Iable [ Graph |v Report

Differential Equations: 2 ‘Auxiliary Equations: 3 ‘\/ Ready for solution

d(xbar)/d(t) = E*X

Cbo= 00313

k=176

d(X) / d(t) = k*Cbo*Cbo*(1-X)*(1-2*X)*2

X(0)=0

E= 0.0889237*t-0.0157181*t*2+0.000792*t*3-0.00000863*t"4

t(0)=0

xbar(0)=0

t(f)=14
[ Variable Initial value Minimal value Maximal value Final value
1/Cbo 0.0313 0.0313 0.0313 0.0313
2|E 0 -0.0082238 0.1527 0.0059021
3k 176. 176. 176. 176.
4t 0 0 14. 14.
5| X 0 0 0.3865916 0.3865916
6 xbar 0 0 0.274419 0.2698915

Xp seq = 0-27

Slides courtesy of Prof M L Kraft, Chemical & Biomolecular Engr Dept, University of Illinois at Urbana-Champaign.



For a pulse tracer expt, the effluent concentration C(t) & RTD function E(t) are given

in the table below. The irreversible, liquid-phase, elementary rxn A+2B—C+D,
-r,=kC,Cg? will be carried out isothermally at 320K in this reactor. Calculate the
conversion for an ideal PFR, the complete segregation model and maximum mixedness
model. C,,=Cgy=0.0313 mol/L & k=176 L?/mol?-min at 320K

tmin] 00 1 12| 3 |45 16 7 | 8] 9 |10 12 14

%%/01581086432.21.50.60

E(t) O 0.02 01 0.16 02 0.16 0.12 0.08 0.06 0.044 0.03 0.012 O

Maximum mixedness model: 9Xa _ A E(4) X _y dF _ E
di Cpp 1-F(a) A MUMe g;
Polymath cannot solve 2 2 2
—rp =kC,nC 1-Xp )11-2X
because A—0 (must A A0TBO ( A)( A) k=176 |2' :
increase) Cao =Cgp =0.0313mol/L mol” -min

Substitute A for z, where z=T-A where T=longest time interval (14 min)

E must be in terms of T-z.
Since T-z=A & A=t, simply
dz substitute A for t

E(\)= 0.0889237*A-0.0157181*)\? + 0.0007926*A° — 8.63E-6*\*

Slides courtesy of Prof M L Kraft, Chemical & Biomolecular Engr Dept, University of Illinois at Urbana-Champaign.

E(T-2z)

dXa _
dz




Maximum Mixedness Model, elementary reaction A+2B—C+D, -r,=kC,Cg?

'

Ordinary Differential Equations Solver
4, x5 17 € €] & | |RKF45 v| 7 Iable [ Graph [V Beport

Differential Equations: 2 'Auxiliary Equations: 9 v Ready for solution

d(X) / d(z) = -(ra/Cao+E/(1-F)*X) —

X(0)=0 \ dXA rA E(T - Z)
ra=-k*Cao*(Cbo"2)*(1-X)*(1-2*X)"2 - == + = XA
Ca0=00313  [gF — dz Cao 1-F(T-2z)

Cbo=0.0313 el —E(T _ z)

5(;;7,..6(,(2) . dz T Denominator

F(0) = 0.99 cannot =0
E1=0.0889237*lam-0.0157181*lam"2+0.0007926*lam"3-0.00000863*lam"4 _ _
lam=14-z Z=T-A—A=T-2
E=if((lam>=t1)and(lam<=t2))then(E1) else(0)

t1=0 N\

t2=14 Eq for E describes RTD function only on
z:;?;":_& interval t= 0 to 14 minutes, otherwise E=0

=0.25

XA, maximum mixedness

Slides courtesy of Prof M L Kraft, Chemical & Biomolecular Engr Dept, University of lllinois at Urbana-Champaign.



For a pulse tracer expt, C(t) & E(t) are given in the table below. The irreversible, liquid-
phase, elementary rxn A+2B—C+D, -r,=kC,Cg? will be carried out in this reactor.
Calculate the conversion for the complete segregation model under adiabatic conditions
with T,= 288K, C,,=Cg,=0.0313 mol/L, k=176 L?/mol?>-min at 320K, AH,=-40000 cal/

mol, E/R =3600K, Cpy=Cpg=20cal/mol-K & C,-=Cy;=30 cal/mol-K

tmin] 00 1 12| 3 |45 16 7 | 8] 9 |10 12 14

%93/01581086432.21.50.60

E(t) O 0.02 01 0.16 02 0.16 0.12 0.08 0.06 0.044 0.03 0.012 O

Polymath egs for  |dX, dX 5 5 5
segregation model: | 4t XA (t)E(t) dt KCpo (1 - XA)(‘I ‘ZXA)

E(t)= 0.0889237*t -0.0157181*t? + 0.0007926™t> —

8@%5%63* 4k as L2
function of T: k(T) =176 mol? - min 360OK(320K _?)]

Need equations from energy balance. For adiabatic operation:
n

[—AHORX (TR )] XA + 21 @iCpiTO + XAACPTR
I=

1 1

exp

T-=

n
i; @iCpi + XAACP “

Slides courtesy of Prof M L Kraft, Chemical & Biomolecular Engr Dept, University of lllinois at Urbana-Champaign.



For a pulse tracer expt, C(t) & E(t) are given in the table below. The irreversible, liquid-
phase, elementary rxn A+2B—C+D, -r,=kC,Cg? will be carried out in this reactor.
Calculate the conversion for the complete segregation model under adiabatic conditions
with T,= 288K, C,,=Cg,=0.0313 mol/L, k=176 L?/mol?>-min at 320K, AH,=-40000 cal/

mol, E/R =3600K, Cpy=Cpg=20cal/mol-K & C,-=Cy;=30 cal/mol-K

tmin] 00 1 12| 3 |45 16 7 | 8] 9 |10 12 14

%93/01581086432.21.50.60

E(t) O 0.02 01 0.16 02 0.16 0.12 0.08 0.06 0.044 0.03 0.012 O

Adiabatic EB: )
[‘AHORX (TR)] Xp + _E1®iCpiTo + XAACpTR ACp = (30 + 30 - 2(20) _ 20) -0
=

- n S 0C. —C. +Ca —40_%
.E,IQiCpi-l_XAACP} i; i Pi pA+ PB_ mO|K
=

dX dX 2 2
T=288K +1000Xa| (A =X (E() |72 =KCao® (1-Xa)(1-2Xa)
2 1 1
k(T)=176 5 exp 3600K(———)]

E(t)= 0.0889237*t -0.0157181*t2 + 0.0007926*t3 —
Slides courtes@ oBBEf46 ttKraft, Chemical & Biomolecular Engr Dept, University of lllinois at Urbana-Champaign.




Segregation model, adiabatic operation, elementary reaction kinetics

d(Xbar) / dit) = E*X A+2B—C+D
Xbar(0) = 0 =l 2
Cbo = 0.0313 "a=KCaCs

E = 0.0889237*-0.0157181*t*2+0.000792*t*3-0.00000863*t"4
t(0)=0

t(f)=14

k=176"exp(3600%(1/320-1/T))

T=288+1000*X

d(X) / d(t) = k*Cbo*Cbo*(1-X)*(1-2*X)*2

X0)=0

Ca=Cao*(1-X)

Ca0=0.0313

Cb=Cbo*(1-2*X)

'Variable Initial value Minimal value Maximal value Final value

1 |ca 0.0313
2 [cao  |0.0313
3 [cb [0.0313
4 [Cbo  |0.0313
5 [E 0

6 |k 150.42484
7 |t 0

8 [T |288.

9 |x 0
10|Xbar |0

Because B is completely
consumed by X,=0.5

Why so much lower
than before?

0.0156586  |0.0313 0.0156586

0.0313 0.0313 0.0313

11725605 |0.0313 1.725E-05

0.0313 0.0313 0.0313

-0.0082229  0.1527022  |0.0059021

|50.42484  |1.401E+05  |1.401E+05

0 14, 14,

28s. 787.7244 7877244 | X, =0.50
0 0.4997244  |0.4997244

0 l0.5027919  [0.496797
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