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The breakfast of
champions is not cereal, it's
your opposition.

Learning Outcomes

After completing chapter 6, you will be able to
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Nick Seitz

Define different types of selectivity and yield.

Choose the appropriate reactor and reaction system
that would maximize the selectivity of the desired
product given the rate laws for all the reactions
occurring in the system.

Describe the algorithm used to design reactors with
multiple reactions.

Apply the CRE algorithm to size reactors in order to
maximize the selectivity and to determine the species
concentrations in a batch reactor, a semibatch reactor,
a CSTR, a PFR, and a PBR, in systems with multiple
reactions.
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Multiple Reactions

Selectivity and Yield

Parallel Reactions Ky

Series Reactions
A —» B —» C

Complex Reactions
A+B —» C+D

A+C —>» E

4 Types of Multiple Reactions

Series: A—-B—>C
Parallel: A—D
A—U
Independent: A— B
C—-D
Complex: A+B—>C+D
A+C—>E
With multiple reactors, either molar flow or number of
moles must be used (NO CONVERSION!)



Selectivity and Yield

There are two types of selectivity and yield:
Instantaneous and Overall.

Instantaneous Overall
. ~ F
Selectivity Sou = ) SDU -_D
Iy Fu
) r -~ F
Yield YD -_D YD — D
Ty Fu—Fa

Selectivity and Yield

Example; A+B—“>D

A+B— U

DU —

rD _ le,iCB _ kl

L kCiCo K
To maximize the selectivity of D with respect to U run

Desired Product:
Ih = klcliCB

Undesired Product:
r, =k,C,Cq

at high concentration of A and use PFR.
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Multiple Reactions
Algorithm

P e

Following the Algorithm

Number all reactions
Mole balances:
Mole balance on each and every species

I
PFR [
dV
CSTR Fjo—Fy=-r,V"
Batch A
e
Membrane (“i" diffuses iny ‘L"’; —r 4R
¢
dC Vo (Clp—C
Liquid-semibatch ‘4[1 =t ol :.} )
Rates:
Laws ri’,:[(@fi(qlcn)

fia_lim _Tic _Tip

Relative rates

—a; -b; ¢ d;

g
Net rates = 2 ry
1

Stoichiometry:

L FEpTa_ . FT
Gas phase O, =c "‘F;E.?If: ¢ "'F:-T(:"
B
R
Fr=% F,
=
dp 3 (FT] T
aW I\’ To
Liguitcd phase v=uy
Ca-Che - - -
Coml bine:
will 1l the for you. Thank you

Multiple Reactions

A) of each and every species

Flow

dF, dN,
ry =
av dt
dF, dN,
Iy =
Y, dt

Batch

=r\V

AY
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Multiple Reactions

B) Rates

A, Rate Law for each reaction: —'ia =KiaCaCp

—hHa= kZACCCA
B. Net Rates:

Fa :ZriA =hat Ty
i=1

C. Relative Rates:

-a. -b ¢ d [11]

Multiple Reactions

C) Stoichiometry
: FAPT
Gas: C,=C,, _A[_J(_O)
KR AT

Liquid:
a Ch=F./v,

(2]
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Batch Series Reactions

Example

A—-B—->C
1)A—-B Kk;
2B—>C k,

Batch Series Reactions

1)
dNA—rV A—B—>C
.  * (L)A >B k,
dt  °
dNe _
dt = ©

V =V, (constant batch)
= rA = rB
dt dt dt

Cc
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Batch Series Reactions

2)Rate Laws  ~fia=KiC,y
A—-B—C — s =KyCy j Laws
(1)A—>B k,
2)B—-C k, Fa =Tip j
_ Net rates
rB - r1B + rZB
fa _ e
-1 1 _
Relative rates
-1 1

Batch Series Reactions

3) Combine
dC,

-— =T, =kC,4

Species A: dt
Ca=CaoeXp (_ klt)

Species B: dd%: .

e =lgner =l T = k1CA - kZCB

dc,

. k,Cpg = Kk,C,, exp(—K,t)
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Batch Series Reactions

Using the integrating factor, |.F.= equ kzdt): exp(k,t)

d [CB e)(;i)(th)] =kCpo eXp(kz - kl)t

att=0, Cg=0

CB— kl 49 [exp kt)- exp(- kt) |

Cc :CAO_CA_CB

C, = [k, (- )-k,[—e )]
kz - k1

CSTR Series Reactions

A—-B—->C
What is the optimal T ?

1)
A: FAO_FA+rAV:O

CaVo—Covy+1,V =0
Crp—Cp+r,0=0

B: 0-v,Cp+rgV=0
—Cg +157=0




CSTR Series Reactions

A—-B-—->C
2) Rate Laws
Laws: A = —kch
fg = _kch
Relative: fa _fe e _Tc
-1 1 -1 1
Net: r,=r,+0=-kC,

g =—Maths= k1CA - kZCB

CSTR Series Reactions

A—-B—->C
3) Combine C,,-C, - kC,t =0
C - CAO
1+ kgt
-Cy +(KC, - k,Cy)t =0
CB — leA[
1+k,t

o = kGl
P (L kyt) 1+ Kt)

8/21/2017
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CSTR Series Reactions

A—-B—->C

Find 7 that gives maximum concentration of B

C. = K C po7
o (L+ k7 )1+ Kk,7)

dC
2 _g —
dt kk,

Number all reactions

Mole F

Mole balance on each and every species
dF;
PFR ==
dv 4
CSTR Fo—Fy=—r;V
Batch A iV
dr
1F
Membrane (" diffuses in) T 4R,
dv
Liquid-semibatch Clsh r/#-vn(( 0= Cy)
dt 4

@ m Rates:
@ @@ Laws
m Relative rates

Following the Algorithm

ry =k (CuC,)

=lm_Tic_7in

Fia o
—a; b, ¢ d;

q
Net rates rp= z i
Stojchivmetry:
. . FpT . F
Cas phase = m"_"-rﬁf_;:: € mr;__;:,.
’
E

Fr=% F,
i=1

dp « (F,—'J T

AW Zp\Fr/ Ty
Liquid phase =,

Cp e

for you. Thank you,

Combine:
Paly will ine all the

8/21/2017
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What Type of Reaction is Taking Place?

Three species were found in a CSTR. The following
concentration data were obtained as a function of
temperature. The initial concentration of the single reactant,
A, was the same at all temperatures. Both B and C are
products. C,, = 2mol/dm3

Run T (°C) C, (mol/dm?3) Cy (mol/dm?3) Cc (mol/dm3)
1 30 1.7 0.01 0.29
2 50 1.4 0.03 0.57
3 70 1.0 0.1 0.90
4 100 0.5 0.75 0.75
5 120 0.1 1.80 0.1
6 130 0.01 1.98 0.01

Explain the above data, what type of reaction is taking
place, independent, complex, series or parallel ?

Parallel Reactions

Purpose: maximizing the desired product in parallel reactions

,ED
ko D (desired) b= kDCAachﬁl —1p =Ape RT CA(ZlCBﬁ1
A —
+B —Ey

% U (undesired) Iy = kUCAaZCBﬁ2 -1y =AyeRT CAa2C3ﬂ2
-E

k(T) = AeRT Rate of disappearance of A: —a=Ip+ly
] —Eu
—ry=ApeRTC A4C + Aye RT Ca%2 CBﬁz
Define the jnstantaneous rate selectivity, S,,,
- b
rate of formation of D _ 1y A eRTC aC b
D/U = : = S —_D~” ~A 7B
rate of formation of U 1 b &
AeRT Ca% CBBz
~(Ep—Eu)

k - - A - A
e - i(CAal az)CBﬂl P2 Spu = ?Ee RT (CAal az)cBﬂl B2

Goal: Maximize S, ,, to maximize production of the desired product

8/21/2017
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Maximizing Sy, ,; for Parallel
Reactions: Temperature Control

~(Ep-Ey)
RT (C R )CBﬂl—ﬂz

SD/U = ?Be

What reactor conditions and configuration maximizes the selectivity?
Start with temperature (affects k):

a) If ED > EU b) If ED < EU
_(ED _EU) E._E _(ED _EU)
Eb-Bu_g,e RT <1 %<0—>e RT  >1

RT

Specific rate of desired reaction ky

Specific rate of desired reaction k; | * " e )
increases less rapidly with increasing T

increases more rapidly with

increasing T
Use lower T to favor desired product
Use higher temperature to favor formation (not so low that the
desired product formation reaction rate is tiny)

Maximizing S, y; for Parallel
Reactions: Concentration

D ~(Ep—Eu)
RT (C e )CB/ﬁ—ﬂz

A+B

Spu=,e

kp
K~ Au

u

What reactor conditions and configuration maximizes the selectivity?

Now evaluate concentration:

a)ay>ay »>a—ay >0 b)oy<as > ay—ay <0
C Aal—az C Aal—az
— Use large C, — Use small C,
C)A>Po—>P—-B2>0 d) fr<Pp > PL—P2<0
CBﬂl—ﬂz CBﬂl—ﬂz
— Use large Cg — Use small Cq

How do these concentration requirements affect reactor selection?

13
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Concentration Requirements
& Reactor Selection

g
/D' b How do concentration requirements play into
A+B reactor selection?
% u CagVo Cabyg
Sa00 I S, CsTR:
PFR ] concentration is

PFR (or PBR): concentration is high - L7 always at its
at the inlet & progressively drops lowest value (that

to the outlet concentration at outlet)

Batch: concentration  Cs% Semi-batch: concentration of
=" is high at t=0 & I one reactant (A as shown) is
EAE:; progressively drops high at t=0 & progressively
B . . . .
with increasing time o\ drops with increasing time,
= C whereas concentration of B

can be kept low at all times .

ky . .
b o >q. HighC,favorsdesired | —_ High C, favors undesired
A+B k\- 1 2 product formation 1 2 product formation
v My ) (keep C, low)
.
PFR/PBR
B> B, Batch reactor @ / sl L1 1]
Side streams feed low C,

High Cq When C, & Cg are low (end time or

o i Semi-batch reactor Ca
favors position), all rxns will be slow .
slowly feed A to large «High Cg
CA

stgjcdt PFR/PBR amt of B

. . Gy Ca
formation ngh_P for gas—p_hase rxn, do not add | cSTRs in
inert gas (dilutes reactants) series

A (CPFriPBR ) CaVo . CaVg
CyoL Cg,
B, <B, B_I_‘_I_] = | B==% CSTR
. PFR/PBR w/ side streams feeding
High Cg low Cg Cq
favors Semi-batch . <
«—High C,

undesired | reactor, slowly PFR/PBR

product | feed B to large amount of A PFR/PBR w/ high
formation LG Cs Ce recycle
(keep Cq CSTRs in * Dilute feed with inert that can be
low) series easily separated from product
31

B consumed before leaving CSTR, * Low P if gas phase

14
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What reactor/reactors scheme and conditions would you use to maximize the
selectivity parameters for the following parallel reaction?

[pooo] €— ER —> [0

k) ,
A+C — D desired . 05 ==

K
A+C =% U, undesired

-E
Need to maximize Sy k(T)= AeRT
h A 7_(ED_EU1) fo-Au
ap-ay -
SD/UlzngiDe T (CA 1)Cc 1
b Ay
Plug in 800 ~(2000-300) 1700

0.5-1 -1 T ~ -
numbers: ~D/Ug :Ee T (CA )CC —|Spyu, =80e T Cp 05

Question 1: To maximize the production of the desired product, the temperature
should be
] a) As high as possible (without decomposing the reactant or product) \
b) Neither very high or very low
c) Aslow as possible (but not so low the rate = 0)
d) Doesn’t matter, T doesn’t affect the selectivity
e) Not enough info to answer the question

Ep > Ey, so use higher T

What reactor/reactors scheme and conditions would you use to maximize the
selectivity parameters for the following parallel reaction?

—2000 -300

K
A+C —2 D desired = e
b=800e T CA%%Cc 1y, =10 T [Chlc

K
A+C =% U, undesired

-E

Need to maximize Sy, k(T) = AeRT

A (EoEyy) P

B — ap-ay -
Spiuy = :AiDe T (CA 1)Cc 1
Ay
. —(2000-300) ~1700

Plug in 800 05-1)~ 1-1 —
numbers:  SD/Up =ﬁe T (CA )CC —Spy, =80e T Cyp 05

Question 2: To maximize the production of the desired product, C, should be
a) As high as possible
b) Neither very high or very low
[c) Aslow as possible \
d) Doesn’t matter, C, doesn’t affect the selectivity
e) Not enough info to answer the question

0 <y, so high C, favors undesired product
formation (keep C, low)

15



What reactor/reactors scheme and conditions would you use to maximize the
selectivity parameters for the following parallel reaction?

¢ _
A+C —2D desired @ 05 10 gc c
k rp =800e C, °C ry, =10e
A+C =% U, undesired b AEC ATC

Need to maximize Sy,

Eo-Euy)
Spju, = b _ ﬂe T (CAQD—aul )CCﬂD—ﬁul
f A
U Ug
Plug in 800 ~(2000-300) 21700

0.5-1 -1 T ~ -
numbers: SD/Ulzﬁe T (CA )CC —|Spyu, =80e T Cp 05

* Since Ep>E,,, kp increases faster than k; as the temperature increases

* Operate at a high temperature to maximize C, with respect to C;;
* ap<oy,;, keep C, low to maximize C, with respect to C,
* rpand ry; are 1%t order in C, so changing C. does not influence selectivity

* HOWEVER, high C. will increase the reaction rate and offset the slow reaction rate
that is caused by low C, (that’s a good thing)
What reactor should we use?

What reactor/reactors scheme and conditions would you use to maximize the
selectivity parameters for the following parallel reaction?

A+C —2 D desired @ 05 10 yc c

A+C =% U, undesired D A TC 1

Need to maximize Sy,
-1700

Spu, =80e T Cp 0%
* E,>E;, operate at a high temperature to maximize C, with respect to C;
* ap<oy,, keep C, low to maximize Cy with respect to C;
* rpand ry, are 15t order in C, so changing C. does not influence selectivity

* HOWEVER, high C. will increase the reaction rate and offset the slow reaction rate
that is caused by low C, (that’s a good thing)

What reactor should we use?

C |  Pw )— Ca
1 | 1 t Semi-batch reactor
A slowly feed A to large
PFR/PBR w/ side streams feeding low C, amount of C «—High C

8/21/2017
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How does the selection of reactor/reactors scheme and conditions change
if D can react with C and form another undesired product?
k k k,
A+C —2 D desired A+C =% U, undesired D+C =% U, undesired
2000 -300 —-8000
800e T C,05 f, =10e T C,C f, =10% T C.C
b = 800e Ca 7Cc Up ALC Uy c-D

Need to maximize Sy, and Sy, « E,>E,, operate at a high T

-1700 * ap<oy,, keep C, low

SD/Ul =80e T CA_O'S * High C. increases rxn rate & offsets
slow rxn from low C,

—-2000 5000
0.5
p _800e T CA™°Cc 4T ~ 05~ -1
SD/U2 = G = ~8000 - SD/U2 =8x10"e CA CD
2 6
10°e T CcCp
* Since Ep<Ej,,, kp increases slower than k, as T increases = operate at low T to
maximize C, Conflicts with maximizing Sy, !

* 0p>0y,, keep C, high to maximize C, Conflicts with maximizing Sp ;!

* rp, fyy & ry, are all 1t order in C, so changing C. does not influence selectivity, but
high C. will offset the rate decrease due to low C,

* Low Cp reduces the production of U, Conflicts with producing the product D!!!

K, 9 K,
A+C —2D desired A+C —%U; undesired D+C —%>U, undesired

-1700 o 6000
SD/Ul —=80e T CA—05 Maximize SD/Ul & SD/UZ SD/U2 =8 X10—4e T CAOSCD—l

* E,>E,,, operate ata high T * E,<E,, operate at low T
* ap<oy,, keep C, low * op>ay,, keep C, high
* Want to maximize C, * Low C, reduces production of U,

* High C. increases rxn rate & offsets slow rate caused by low C,

Consider relative magnitude of S, ;; and Dy, as a function of position in PFR
PFR w/ side streams feeding low C,

C [ PrRohighT ) { PFR 2, low T ]——»
N
High T, C. is initially high, C, is low « At some distance down the reactor,
— high Sp; significant amounts of D have formed
Initially C;=0 — r,;,=0. Both gradually * Spyu, becomes significant with respect to

increase down reactor SD/Ul

Initially high Sy, (because Cy is low), but | * At this point, want low T, high C, & low C.
Spyu gradually decreases down reactor

8/21/2017
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If a CSTR were used with C, = 1 mol/L and Cy= 1 mol/L, at what temperature
should the reactor be operated?

K, K k,
A+C =2 D desired A+C -4 U, undesired D+C % U, undesired
—2000 -300 -8000
-300 g 200
rDZSOOe T CAO.SCC rU1=10e T CACC I‘U2=1O e T CCCD
Need to maximize Sy 1.y
-2000
f 800e T Co*%Cs. Gl
S - D = A Co=1
D/(U+U2) fuy +1u _(@) 8000
10e \ T /C 8 +10% T 86Cp
800 2000 2000
e 1 (1)0-5 =
S _ 10 S B 80e T
G0 10 (@] 106 8000 7eD = _[@) ~8000
e 10° T (1)+Ee T 2 o LT ) 10% T

Plot Sp,u1+u2) Vs temperature to find the temperature that maximizes Sp(y1.yy)

If a CSTR were used with C, = 1 mol/L and Cy= 1 mol/L, at what temperature
should the reactor be operated?

e K k,
A+C —2D desired A+C =% U, undesired D+C =% U, undesired

—2000 -300 -8000
6
p=800e T C\0%C. 1y =10e T CACc ry, =10°e T CcCp
Need to maximize Sp 1.y 600K
/
4
2000 v

3.5 s - 80e T
35 Du _(@j 8000
1+Y2 T 5. T
25 | +10°e

2 4

SD/(U1+U2)
JE
[y wn

o
n
!

o

0 200 400 600 800 1000
Temperature (K)

8/21/2017
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Calculate the yield of forming B in a CSTR and PFR when the conversion
of Alis 90% and C,, = 4 mol/L. The following reactions occur in the reactor:

Vs mol k
AB lp=kg =2 A—5C 1o =kcCa ke =1min?
What is the expression for the yield of B for a CSTR?
~ & CBUO & CB
Y, :7FB overall yield) YB = — > Yg=1—
BTy —Fy (Overallyield Caoto —Catp Cao—Ca

We know C,, and C, when X,=0.9. How do we get C;?
In - Out + Gen. =Accum.

c
\FB%—FBHBV:%% SRtV =0 —rg=-5870
0 dby, Y

mol
mol _Cg _,, MO, _c,
L-min L -min
Use the mole balance on A to find 1 (at 90% conversion)
In - Out + Gen. =Accum.

Fao —Fa +1aV = %NYA — Cagto —Catp =—1aV
0

C
T

Cao—=Ca _,

\Y
CAO—CA=—rA——>CA0—CA=—rAr —>
Yo A

Calculate the yield of forming B in a CSTR and PFR when the conversion
of Ais 90% and C,, = 4 mol/L. The following reactions occur in the reactor:
mol

k k
A—B 1g<kg= . =5 =
BT T min A—=C r1c=KcCp

Cao—Ca

B~ =7 Whatis—r,>  Ta=TB+Ic
Plug -r, back into
L-min + min ~A  expression for t
Cpo =4 mol/L, and at
XA=0'91 CA= 0.4 mOl/L
gmol_g 4mol
£ mol - 1 - mol Residence time for X, =0.9
2—— +,(0.4)
L-min min L
S g7 szo! (1.5min)
Yg=—"— S V¥,=_LMmn N
C _C B B —_ .
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Calculate the yield of forming B in a CSTR and PFR when the conversion
of Alis 90% and C,, = 4 mol/L. The following reactions occur in the reactor:

¢
PRLIN g =kg =2 mo. A=5C 1o =kcCp ke =1 min~t
L-min mol 1
—1p =kg +kcCp ——Tp =2 —t
~ A =R TKCchA AT%L.min min A
What is the expression for the yield of B for a PFR?
Vg = Fs (overall yield) ¥, __ G A __ G
Fao —Fa Caoto —Catp Cao—Ca
Use the mole balance on B to find Cg
dcC I
di:rB —>7dCBUO:rB —)dCBer - —=2 mo_
av dv dr dr L -min
B mol ¢ mol mol
- dCB:2 . IdT—)CB—BBQZZ . (T—O) —)CBZZ —T
CBo L-ming o L-min L-min
Use the mole balance on A to find t (at 90% conversion)
dFp dCaup dCp dCp mol 1
_— = —_— = _— = e = - 2 + 7C
v A T gy A T4 A dr L-min min A
CA dc 1°
—)dCAz—(Zrno'_FCA):F 4 —Azi__l.d‘[
dr L min CAO—(ZmoI/L+CA) min g

Calculate the yield of forming B in a CSTR and PFR when the conversion
of Ais 90% and C,, = 4 mol/L. The following reactions occur in the reactor:
mol k
A=5C 1o =keCa ke =1mint

L-min
mol 1

,
A_B’B I’szB =2

A

Y & mol

Yr = )
B = — 7 Use mole balance on A to find t (at X, = 0.9
Cao-Ca B "L.min (atX,=0.9)

mol
-12—+C

A dc 1
4 J rno—lA:7'[dT —>|n—|— N (T—O)
Cao —(2+CAJ MiNo —(2mL°+cAj min
o)
Cpo=4mol/L =7 —0.92min=r
Ca= 0.4 mol/L (2m°|+0 4mol) min
L L
5 mol 0.92mi Yield was better in
o Ce  _ ot Y Cmin min Yy =051 thedCSTR, but the
— - "~ residence time
Cao=Ca Cao=Ca 4mTOI_O'4mTO| was longer

8/21/2017
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Complex Reactions - Algorithm

Number Every Reaction
on every species
Rate Laws
(a) Net Rates of Reaction for every species

N
My = Z ia
i=1
(b) Rate Laws for every reaction
A= _k1ACAC§
e = _kzccicg
(c) Relative Rates of Reaction for every reaction
For a given reactioni: a;A + b;,B — ¢;C + diD

fa _ e _fic _Mo
_ai _bi Ci di

Reactor Summary
Reactor Type Gas Phase Liquid Phase
Batch dNA — I‘AV dC, =r,
dt dt
Semibatch AN, dCs _ . _0Cs
at —I’AV dt I v
dN dC Cy —C
=TV Fao d_tB:rB+—UO[ x 1

21
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Reactor Summary
Reactor Type = Gas Phase Liquid Phase
CSTR V = Fao—Fa V =0, (CAO _CA)
—I, —-r,
dF dC
e v Yogy ="
dF, =T, 13 dC, _ r,
PBR dw aw  °
Note: The reaction rates in the above are net rates..
/\)
Batch Flow
| |
N F
C,=—t C,=—2
V )
N, P, T FPT
V=V0—T—O— U:UO—T—O—
TO P To TO P To
c NN PT, o _RFePT,
B — B —
N, V, P T Foo PT
Ng PT, FPT
Co=Cro "o Co=Cro 2o
N, P, T FPT .

22
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Complex Reactions - Algorithm

Stoichiometry
Concentration of Gas:

F) (T
T

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

Flow: C,= i
Uy
N
. C, =—A
Batch: A v,
Complex Reactions

Example A: Liquid Phase PFR

1) A+2B—>C i =—k1.CiCo
(2) A+3C—D he = K, CACE
NOTE: The specific reaction rate k,, is defined with respect to

species A, and the specific reaction rate k, is defined with
respect to species C.

on each and every species

dF dF
1) —A— 2) =B —
O = @G,
dF dF,
3) e _ D _
@ go=r @ =n

23



Complex Reactions

Example A: Liquid Phase PFR

2) Rate Laws: (1) A+2B-C
(2) A+3C—>D

(a) Net Rates (B) Iy =h,+0h, (7)1 =g + 0y
(6) e =hc T 1 (8) b= 0+ o

(b) Rate Laws (9) Fhia= —k,,C,Cs
(10) e = _kch/Z\Cg

(c) Relative Rates La_Ne _Mc
Reaction 1 -1 -2 1
A+ZB_)C (11) rlB :2r1A

(12) fc =—Na

Complex Reactions
Example A: Liquid Phase PFR
(c) Relative Rates Na _ T _ T
Reaction 2 -2 -3 1
A+3C —>D 2

(13) A= 5 le

W), =2
@ il%ing;::s = _klACACé _gkzccicg
rg = —2k1ACAC§
e =ki2CnCpq — kzccf\cg
k

b = xc CECS

3

8/21/2017
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Complex Reactions

Example A: Liquid Phase PFR

3) Stoichiometry

Liquid

(15)C, = F, /v,
(16) Cg =F3 /v,
A7) Cc =F; /Uo
(18)Cp =Fy /vy

(19) S, =if (V >0.00001) then [%] else 0

D

Complex Reactions

Example A: Liquid Phase PFR

Others

4) Parameters

F; = Liquid — Not Needed
(19) a = 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) Fy, =200

(26) v, =100
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Complex Reactions

Example A: Liquid Phase PFR
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Complex Reactions

Example A: Liquid Phase

A+2B—>C Net Rates )
A+3C >D r,=-k,C,Ca 3 k,.C2CS

Iy = —2k1ACAC§
e = klACACB - kchng
kzc

o = ?Cicg

What is the best configuration to be used
to maximize S¢?
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Complex Reactions
Example E: Liquid Phase

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

(1) A+2B—>C ~1 =k, C,Co

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

(2) 3C+2A—>D —1,. =k,.C3CA

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

Complex Reactions
Example E: Liquid Phase

The complex liquid phase reactions take placein a
where A is fed to B with F,,= 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 dm?3 and
Cr0=0.3 mol/dm3 and Cgz,=0.2 mol/dm3. Plot C,, C,,

Ce, Cp and S, as a function of time.
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Complex Reactions
Example E: Liquid Phase Semibatch
(1)A+ 2B —C (2)2A+3C—D
I:AO
<>
dN
th:rAV+FA° N, =0
dN
e Ngp = CagVy = 2.000
dN
d'[c =fV Neo =0
dN
dtD =rV Np, =0
Complex Reactions

Example E: Liquid Phase Semibatch
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=" (16) Co=1F (17)

N N
Ce :vc (18) Co ZTD (19)

3) Selectivity and Parameters:
S¢,p =Iif (t>0.0001) then [%] else (0) (20)

D

v, =10dm*/min  V, =100dm*  F,, =3mol/min
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Complex Reactions
Example E: Liquid Phase Semibatch
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