Lecture 12

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 12 - Tuesday 2/19/2013

Multiple Reactions

kD
A —» D

Selectivity and Yield Ky

A —» U

Series Reactions A—» B —» ¢

A+B —» C+D

Complex Reactions

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

7 ~ F

Selectivity v )
7 F

Yield Vy=—"- ="




Selectivity and Yield
Example: A+B——D  Desired Product:  r, =k C3C,
A+B——>U  Undesired Product: r, =k,C,C,

r. kC:C, k
Sov= = cc, x
U 2~A~B 2

To maximize the selectivity of D with respect to U run
at high concentration of A and use PFR.




Number all reactions \

Maole balances:

G aS P h ase Mole balance on each and every species

dF
Multiple R { Ak
ultipie Reactlons Froty= 1,V
N,
B| l‘l ——t = '.|'r’
atch ar 7
1
Membrane (i diffuses in) :“f =+ R;
dv
(8 v Cp—C,
Liguid-semibatch (T-i =t o ’:." )
Rates:
Laws ri=kyfi(C;, C,)

Relative rates —_a: = _E‘i = < - Fx
Ep ™ "
& Net rates = 2 Fij

Stoichiometry:

Following the Algorithm Gaas phase cmc P To_ o FiTo,

Y= iz
- B
Fr= F;
=1
dy o |fr)1
dh 2v | Fpy ) Ty
Liguid phase U =g
Ca.Che - -

Combine:
Folymath will combine all the equations for you. Thank you.



Multiple Reactions

A)
Flow

dF,
dv
dF,
dv

:]/'A

:]/‘B

of each and every species

Batch

dN,
dt

dNB —
dt

=rV

reV




Multiple Reactions
B) Rates

-1, =k ,C,Cy

a) Rate Law for each reaction:
—r, =k, ,CcC,

b) Net Rates:  r,=>r, =n, +n,

i=1

c) Relative Rates: 4 B iC




Multiple Reactions
C) Stoichiometry

I,
Gas: C,=C,, B P ( Oj
Fo\Lo NT

Liquid: C,=F,/u,

Example: A—B —>C
(2)B—-C Kk,
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Batch Series Reactions
1)

=1,V
ad

dN, _ r,V
dt

dNe _ r.V
dt

V=V, (constant batch)

dc, dc, dC,.
a 4 da 0 a0




Batch Series Reactions
2) Rate Laws

-1, =k,,C, — ]
aws
—Iig = leCB T
_ Net rates
Iy =gty |
La _hs -
—1 1 |
Relative rates
L _ I
—1 1

11
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Example: Batch Series Reactions

A—>B-—C C

(1) A—B A B C

(2) B—C

/
toot t

1) V=,

dC dC dc

th — A dtB ~ b dtC e

™~
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Example: Batch Series Reactions
2) Rate Laws

Laws: r, =—kC,
Iy = _kch
Relative: La _ LIs e _ I

-1 1 -1 1

™~
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Example: Batch Series Reactions

3) Combine

Species A:

Species B:

dC,
dt
C,=Cyexp (_ klt)
dC,
dt

=-r1, =k,C,

— I‘B
Iy =TIgwer =L T hL = K,C, —k,Cy

dc,

dt +k,Cy =k ,C,exp (_ klt)

™~
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™~

Example: Batch Series Reactions

Using the integrating factor, 1.F.= equkzdt)z exp(k,t)

Cy eXp(kzt )]
dt

41

= k,C ,, explk, —k )t

att=0, Cg=0

B

kiCao [exp (—k.t)—exp(- kt)]

2

Cc

C, =

:CAO_CA_CB

kCAok [k2 (1 . e—klt )_ kl (1 . e—kzt )]

2 M
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Example: CSTR Series Reactions

A—->B->C
What is the optimal 7 ?

1)
A: F,—-F,+r,V =0

C,0vo—C,v,+r V=0

C,,—C,+r,c=0

B: 0—v,Cp +1,V =0
—C,+r,7=0
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Example: CSTR Series Reactions

A->B->C
2) Rate Laws

Laws:
I)g

Relative: 1ia _ Lis

LA = _kch
=—k,Cy

-1 1

Net: r,=t,+0=-kC,
Vg =1, Ty :kch_kch

™~
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Example: CSTR Series Reactions

A->B->C
3) Combine

C,,—C,—kC,t=0
— CAO

1+ k7
~Cy +(kC, —k,Cy )T =0
 kCy7
B 1+ k,7

kC 0T

(1 n kzr)(l n klr)

CA

CB

C, =

™~
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Example: CSTR Series Reactions
A->B->C

Find 7 that gives maximum concentration of B

C - kC, T
P4k 1+ k)

dC T = :
d: =0 e kk,

™~




aay
pL

Following the Algorithm

o

Number all reactions

Mole balances:

Mole balance on each and every species

PFR

CS5TR

Batch

Membrane (17 diffuses in)

Liquid-semibatch
Rates:

Laws

Relative rates

Net rates
Stoichiometry:

Cras phase

Liguid phase

Combine:

av="
."__:,-“—f_;-— - ¥
N
ot :
A e
"'"('-:— U (Cn—0C))
et £ V

i=1
= S o o ',!'“ — il ?h
e T s s el il o e g
ISR BT CNE T
Y= e
B
L
Fr= f"}.
Fe=1
dy __o(fr |7
‘.H;‘"‘r 2". FT” ?_”
U=y
("A.' (_'B, .

Polymath will combine all the equations for you. Thank you,
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End of Lecture 12
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Supplementary Slides




Blood Coagulation

k
IF + WIHTF =WII
A’ﬂ

k

TF +VIla ¢ 5 TF = Va
ky

Es
TF =VFiIla + PTI_>TF = VIla + Vlla
Fe

Xa+VII _y Xa+Vila

Ia+ VI _y Ila+VIIa
kg Ko

TF =Vila+ X ¢ TF =VIlla = X _TF = VIla = Xa
kg

i

IF =Vila+ Xa¢g 3TF =Vlla= Xa
Lt

L
k

13 il b
TF = VIIa+LY<_>TF =Vila = LY_>TF = ViIla + IXa
s
Es
Xa+ IO _>Xa + Ila
A’]T

Ila + VT _>ﬂ'a + Villa

.‘.'|3
Viila + I'Xa <_>L1'n' = Villa
Eg

Ky ¥

Ry

IXa =VIla+ X<_>LX?:I =Villa = X_),LYG =VIlla + Xa
kay

VIIIa ¢ VIIIa, - L + VIIIa,
Eas

IXa =VIIa =X _yVIIa, - L +VIIa, + IXa
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IIa + V<_)Ha +Va
kar

ka7
Xa+Va VAN Xa=Ta
ki

g k1

Xa=Va+II ¢y Xa=Va= H;>Xa — Va +mila
F3p

mlla + Xa =Fa __‘>Xa = Va + Ila
k33
Xa+TPFT VAN Xa=TFFI
sy

I}l:

TF = VIla = Xa +TFPI ¢y TF = VIla = Xa = TFPI
k.
by

TF =Vila + Xa =TFPI_:>.TF =Vlla = Xa =TFPI

;r35

Xa+ATII _y Xa = ATII

T30

mlla + ATIIT _>.mﬂ’a = AT
;r-il:
IXa+ ATIIT _)D(a = ATIIT

kg
Ila+ ATIII _)ﬂ'n' = ATII

k4

TF =Vila + ATIII_}TF =VIla = ATIIT

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




Notations

Species symbol

Nomenclature

TF

Tissue factor

VII

pl’DCDIl‘»'E]‘IiI]

TF=VIIa

factor TF=VIIa

WVila

factor novoseven

TF=VIIa

factor TF=VIIa complex

Xa

Stuart prower factor activated

IIa

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

IT

prothrombin

VIII

antihemophilic factor

VIla

antihemophilic factor activated

IXa=VIlIa

[Xa=VIIla complex

[Xa=VIlla=X complex

CS IXa=VIlla=X
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Notations

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




27

ac
d—;= ky Crrpp — k) Crr - Coyp — k3 - Crp - Cop, + Ky - Crpppy
dCoy
dt = k! 'C_TFFH _kl 'CJ'T 'Cm - kﬁ 'Cﬁ:a 'CI-II - k.‘- 'Cﬂa 'CI-H _ki 'Cmm 'Cm
AC v
— =k, Crpyy + k- Cpp - Cpyy
dt
dCoy,.
f =ky Crepg, — k3 Crp - Cpy, + k5 - Crpy, Cog kg C oy Copp + k7 - Cp - Gy
I [ap—
% =k, Crrpy, vk Crp - Co, + k5 Crpppay — kg Crpp  Cyr —F1y - Crpp, - Cy +

ku 'CJ'TI’Ha.l'a - k]i 'Crﬂﬂa 'Cn' "‘ku 'CITI’Haﬂ' + Jr‘715 'CJ'TI’H:;R - ks?- 'Crfpﬂa 'C_i'aJTPI -

kcu ’ Cmm ’ Camr

djfﬂ =k Crrme  Cra + K Crrvmans + K2~ Crrarmay + Kas  Crara — Ko7 - Cyp -Gy +
ks * Coarer — K33 Cop - Crppy —k3g " Cy - Cppy

anj—fm!:klﬁ Crp Cp + ks Coppy  Crapy — ks " Cpy  Clipy
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Results
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Figure D. Total thrombin as a function of
time with an initiating TF concentration
of 25 pM (after running Polymath) for

the abbreviated blood clotting cascade.

—
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Figure E. Total thrombin as a function of
time with an initiating TF concentration of
25 pM. [Figure courtesy of M. F. Hockin et al.,
“A Model for the Stoichiometric Regulation
of Blood Coagulation,” The Journal of
Biological Chemistry, 277[21], pp. 18322—
18333 (2002)]. Full blood clotting cascade.
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Blood Coagulation

Many metabolic reactions involve a large number of
sequential reactions, such as those that occur in the

coagulation of blood.
Cut — Blood — Clotting

Figure A. Normal Clot Coagulation of blood
(picture courtesy of: Mebs, Venomous and Poisonous

Animals, Medpharm, Stugart 2002, Page 305)

/




4 I
Schematic of Blood Coagulation
Red Blood Cell Red Blood Cell
@ @ Tissue factor
Platelet (A
Intact endothelium Injured endothelium ))' cut
Tissue factor Subendothelial tissue (A-B
j, (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)
32
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