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Introduction
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YOUR WAY T'C SUCCES

* Chemical Reaction Engineering (CRE) examines the
dynamics of reaction rates, mechanisms, and
reactor design.

* This lecture focuses on multiple reactions, their
classification, and strategies to optimize selectivity
and yield.
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Topics to be Addressed

* - Fundamentals of Multiple Reactions

* - Types of Reactions: Series, Parallel, Independent,
and Complex

o - Selectivity and Yield: Instantaneous vs. Overall
* - Analytical and Numerical Approaches
» - Case Studies and Practical Applications
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Objectives ool
By the end of this lecture, students will be able to:

e - Classify multiple reaction types and their
characteristics.

» - Apply mole balances, rate laws, and
stoichiometry to multiple reactions.

- Analyze selectivity and vyield in reaction networks.

* - Develop strategies to maximize desired products
In complex reactions.
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Introduction e

* Multiple reactions, including series, parallel,
iIndependent, and complex types, play a critical
role in chemical process optimization.

* This session explores theoretical insights and
practical approaches to analyze and maximize the
desired products.
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YOUR WAY TC SUCCESS

kp
* Multiple Reactions A —» D

ky
A —» U

* Selectivityand Yield , _ o § - C
* Series Reactions A4B »> C+D

* Complex Reactions A+c —» E
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Types of Multiple Reactions

e Series: A—>B—>C
e Parallel: A->D

A->U

* Independent: A—->B

C—>D

e Complex: A+B—->C+D
A+C—>E

With multiple reactors, either molar flow or number of

moles must be used (no conversion!)
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Selectivity and Yield
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YOUR WAY T'C SUCCES

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

Instantaneous Overall
I S F
Selectivity Spu =— Sy, =—2
I F,
J > F
Yield Ly o EF.
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Selectivity and Yield
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Example: A+B—“>D  Desired Product: r, =kC;C,

A+B—>U  Undesired Product: I, =k,C,Cq

r, kC:C. Kk
Sou =1 =kcc. k
U 2~ AYB 2

To maximize the selectivity of D with respect to U run at
high concentration of A and use PFR.
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Following the Algorithm
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Number all reactions

Mole balances:

Mole balance on each and every species

PFR

CSTR

Batch

Membrane (1 diffuses in)

Liquid-semibatch
Rates:

Laws

Relative rates

Net rates

Sloichiovmelry:
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Multiple Reactions

<

A) of each and every species
Flow Batch
dF, dN,
=r =rV
v * da °
dF; . dN, 1V
dVv dt
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Multiple Reactions
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YOUR WAY TC SUCCESS

B) Rates
— = klACAC B

a) Rate Law for each reaction: — I =K,0CcC

Va :ZriA £ all PO
b) Net Rates: =

c) Relative Rates: i
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Multiple Reactions

<
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YOUR WAY

C) Stoichiometry

et i
Gas: Fao LR T
C,=F./v,
Liquid:
Example:. A—B—->C
(1YA—B Kk,
(2)B—->C k,
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1) Mole Balances iz
dN ,
=r,V

d -
dN, v

dt
dN . v

dt

V=V, (constant batch)
dC , . dC, . dC.

= r
gt % dt 4 dt
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2) Rate Laws —lha = klACA ]
Laws
—lg = leCB T
_ Net rates
g =lg+lhg
fia _le -
-1 1 |
Relative rates
Ne _ I
-1 1
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A>B-SC C
(1) A>B A B C
(2) B> C

/
1) topt t
V =V,
dC, _ dCs _ dCc _
a ° dt  ° at ¢
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2) Rate Laws
Laws: L, =—KkK,C,
[ = _kZCB
Relative: Na _ s e _ Tac
-1 1 -1 1
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3) Combine iagn s
Species A: _ d(?tA -1, =k,C,
C, =C,,exp(-kt)
Species B: dCq _,
dt  °

g =lgner =g Tlog = k1CA — kZCB

dc,

dt + kZCB — k1CAO exp(— klt)
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YOUR WAY TC SUCCESS

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

aCe @Bl e expli, ko X

att=0, Cg=0

_lfl A0 [exp ~kit) - exp(-kyt) |

2

Cc :CAO _CA_CB

C.= C o [k2 (1—e"‘1t)— kl(l—e"‘2t )]
kz - k1
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YOUR WAY TC SUCCESS

A->B->C

What is the optimal 7 ?
1)
A: Fo,—F,+r\V =0

CrVo —Covy +rV =0

C,—C,r+rz=0

B: 0-v,Cgy +15V =0
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A->B->C
2) Rate Laws
Laws: [ = _kch
g =—K,Cpg
Relative: 'a _ fis e _ Mo
-1 1 -1 1
Net: r,=r,+0=-kC,

g =—T,+lp= k1CA — kZCB
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A2B=2C C..-C, -kC,t=0
3) Combine _ Cuo
o1+ kgt
-C, +(kC, - k,C,)t=0
CB — leAt
1+ k,t
C — leAOt
"+ k1) (1+ k)
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YOUR WAY TC SUCCESS

A->B->C

Find 7 that gives maximum concentration of B

K,C AT
Cy =
(1+ K,z 1+ k,7)
dC T = —1
dr ok,

COLLEGE OF ENGINEERING - dsssyml| 8414
Tikrit University - cu)$i aola




Number all reactions
Mole balances:

Mole balance on each and every species

PFR g’ = .
e J
CSTR EO—E: _er emldl o l
AN, YOUR WAY T'C SUCCESS
Batch d_: = er
o . dF;
Membrane (i diffuses in) =r;+R;
dl
dC; U (Cin—C))

Liquid-semibatch =r.+

dt & |28
m Rates:

m Laws ry= kﬁﬁ(c},cﬂ)
E w Relative rates ia Tic _"ip

2P T
Following the Algorithm

q
Net rates = E ry

Stoichiometry:

. . F,rT F, T,
Gas plase C,=C NFETEE L-NF"?E"
(0
=t
P I

Liguiad piraase o=y
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YOUR WAY TC SUCCESS
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Supplementary Slides
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oagulation

TF +VII ¢ STF =VII
ks

bl gl sagla

j‘_-!. YOUR WAY TC SUCCESS

TF +VIla ¢ 5 TF =VIla
kg

k!
TF = P]’Ia+PTI_>TF = VIla + Vlla
kﬁ
Xa + PTI_>Xa +¥ila
L
Ila+ VIl _>Ha +¥Vila
"a kll}

IF =VIla+ X ¢ 5TF =VIla = X _5TF =VIla = Xa
kg

ki
TF = VHG-FXEJHTF: Flla= Xa
Fia
ki3 Fys
TF =VIa+ IX ¢ 5 TF =VIla = IX S TF =Vila+ IXa
kyq

Xa+Hj>Xa+IIa
Ha+PIIIE)Ha+PTHa
VIIIa +Ha<ﬁ>ﬂfa = Villa
ko *19 Fras
LXa=VIlla+ X ¢y [Xa=VIlla=X _y IXa=VIla+ Xa

Fay

Fa
Vila ¢ s Vilia, - L +VIia,
Fag

COLLEGE b

Tl IYa =Villla=X _yVilla, - L +Vllla, + LXa _
TTTrTT T TtTr TwmrTTTH T T T



_ kg
IIa + V<_)Ha +Va
ks

kx

Xa+Va<;)Xa=Va alail ) e

Fag k3
Xa= Va+H(_>.Xa =FVa =II_>Xa =Va +mlila
ksp

ksz

mlla + Xa =Fa _).Xa =Va+Ila

i3

Xa+ TPFIHX{I =TFPI
kg

K33
TF =VIla= Xa+TFPl ¢ 5 TF =VIla = Xa =TFFPI

k3
54
TF =¥Villa + Xa =TFPI_>TF =Vlla=Xa=TFP]

L
Xa+ATII _y Xa = ATII
Fsg
mila+ ATII _ymila = ATIII
ky
IXa + ATII _y IXa = ATII
ky
Ila+ ATIII _yIla = ATII

kg

TF =Vila+ ATIII _yTF =VIla = ATII

Courtesy of Hockin, M.F,, Jones, K.C., Everse, S.J. and Mann, K.G. (2002). A model
COLLEGE OF E (o the stoichiometric regulation of blood coagulation. The Journal of Biological
Tikrit U Chemistry 277 (21), 18322-18333.




Notations

Species symbol Nomenclature
TF Tissue factor
VII proconvertin
TF=VIla factor TF=VIla
WVila factor novoseven
TF=VIIa factor TF=VIIa complex
Xa Stuart prower factor activated
ITa thrombin
X Stuart Prower factor
TF=VIIa=X TF=VIIa=X complex
TF=VIIa=X TF=VIIa=X complex
IX Plasma Thromboplastin Component
TF=VIIa=IX TF=VIIa=IX complex
IXa factor IXa
I1 prothrombin
VIII antihemophilic factor
VIIIa antihemophilic factor activated
COLLEGE OF El IXﬂ=j~.—-rIIIa [Xa=VIIla complex
Tikrit U IXa=VIlla=X [Xa=VIlla=X complex




Notations

COLLEGE Ol

VIIIa,L factor VIIIa,L
VIIIa, factor VIIIa,
V proaccelerin
Va factor Va
Xa=Va Xa=Va complex
Xa=Va=II Xa=Va=II complex
mIlla meizothrombin
TFPI tissue factor pathway inhibitor
Xa=TFPI Xa=TFPI complex
TF=VIla=Xa=TFPI TF=VIla=Xa=TFPI complex
ATIII antithrombin
Xa=ATIII Xa=ATIII complex
mIla=ATIII mITa=ATIII complex
[Xa=ATIII IXa=ATIII complex
TF=VIIIa=ATIII TF=VIIIa=ATIII complex
[Ta=ATIII [Ta=ATIII complex

Tikriv urnversity - cuss asoa
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Mole Balances

COLLEC

dac
d—;,F=k2'CIFm_k1'CIF'Cm_ka'cm'cm"‘h'cm
ac

d;mr k C kl'cm'cm_kﬁ'cn'cm_k?'Cﬂa'cm_ks'cmma'cm
ac

T =k, - Cpg +k, -Cpz -Cipy

dt
ac

d:;m =k Crryg, =3 Crp - Co, + K5 - Crppyy, Cog kg -C oy Cog +h7 - Cop, - G
dac
%Z_h”ﬂwmﬂ"‘ka'crr'Cm"'kg'Cmm.r_ks'Cmma'cr_ku'cmﬂa'cxa"'

ku 'Ci'Fmaxa _kla 'Em 'E_::r +k14 'C‘mm' +k15 'CIFPII::II' - ka? 'Cmﬂa 'C.EaTFPI -

k CIF Fila C_»i T

dj—f_kll “Crrme  Cra + 51 Cravmars + Koo~ Crommar + K25 " Crare —Kor - Cy - Cyp +
ki Courrrr — k33 Coy * Crppp — K33 " Cy  Coygy

dj—tm:klﬁ'cﬁ'cﬂJrku'c Crara ka1 " Cry * Clirm

d{l‘itdJr - _ka'CIFma Oy + ksl “Crrvmax _kzﬂ "Crim " Cx +kz1 Crrmmy + k:s *C Navmirax
Cﬁm =K g Crrrm - Cx — Ko - Coppmay — Ko * Crepmpar
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Mole Balances

AC i
—=k|u 'Emm 'Hru 'Em':r.- 'C:.- _ku 'Cm'n'm +k.=.s 'Cmﬂararm _k:i! 'Cmmnf:rﬁ

dat
dl:l_lr:kld'cm_kli'cmﬁ'cﬂ
ar
ETW=_ku Crmmar 505 - Cropme - Cor —Fis - Crmmay
ac,.
d;r = k‘l.'i- 'Cm'n'un' _kIE ) Cm.u 'C:.r.: + k]?'cn'upﬂﬂ +kﬂ 'Cmmar _kdﬂ 'Cm'cmn
dCH = _km 'C.I"a 'Cu +k3-u 'Enmr _'kﬂl 'Crurr.- 'CH
daC
?m=_k1'.r Co - o
dC
TT=kJI'Cn'.r'cﬁ.u'_klt'Cﬁm'cn'u'FkLﬁ'Cﬂm_kﬂ'cmn+km'cmq¢
dC
:.fm =k||=.' 'Cm:: 'Em _klﬂ 'Emmn +k:1 'Cn'm.:rnr _km 'Cn'umu 'C: + kﬂ 'Cr.mm.tr
ﬂll}—r=_km 'Cn'mm + k:u 'C:.r&'mu 'Er _kﬂ -CW _kzs 'Cammar
daC
i;:._ﬂ:l =y - Gy — Wy - Eﬁ.ﬂ'q_l 'cl-'i'.ll'ui + 125 - Cppmnar
dC,, .
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Mole Balances

T oy o Gy
ACa =k, -C, -Cp+k, -C,, -Cp —k. -C,, -Cp,
%=—kﬂ-fn-fr,+kﬂ O G =Wy T - Cp + il - Cayy 0
Sosenst — e, €y~ Cor ~ - Coarg
‘fafm- =y Cyray =K Co  Co —F - Cop O
dCT"F""'=kH Crarrer =K - Crpa - Crwpr + Fse - Crmmusarser — Fss - Comymars - Cre
dc%=_k“ o Y oy —
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Results
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Figure D. Total thrombin as a function of  Figure E. Total thrombin as a function of

time with an initiating TF concentration time with an nitiating TF concentration of
of 25 pM (after running Polymath) for 25 pM. [Figure courtesy of M. F. Hockin et al.,
the abbreviated blood clotting cascade. “A Model for the Stoichiometric Regulation

of Blood Coagulation,” The Journal of
Biological Chemistry, 2T7[21], pp. 18322-
18333 (2002)]. Full blood clotting cascade.
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Blood Coagulation

Many metabolic reactions involve a large numberQf.....
sequential reactions, such as those that occur in the
coagulation of blood.

Cut — Blood — Clotting

Figure A. Normal Clot Coagulation of blood

icture courtesy of: Mebs, Venomous and Poisonous
CORLEGE-OF ENGINEERIN N i "Ri[e pharm, Stugart 2002, Page 305)
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Schematic of Blood
Coagulation

Red Blood Cell Red Blood Cell
Platelet (A
Intact endothelium Injured endothelium ))' cut

Tissue factor Subendothelial tissue

if (B) (A—B complex)
Subendothelial tissue
Figure B. Schematic of Figure C. Cut allows contact of
separation of TF (A) and plasma to initiate coagulation.

plasma (B) before cut occurs. (A + B — Cascade)
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Summary o

* |n this lecture, we covered:

- Classification and characteristics of multiple reactions.

- Key concepts: selectivity, yield, mole balances, and
stoichiometry.

- Practical strategies to maximize selectivity and desired
outcomes.

- Analytical and numerical methods for reactor
performance evaluation.

* Multiple reactions are essential for understanding and
optimizing complex chemical processes.
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