Lecture 16

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.
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Review Last Lecture

Enzymes - Urease

A given enzyme can only catalyze only one reaction. Urea is
decomposed by the enzyme urease, as shown below.

NH,CONH, + UREASE —"° 5 2NH, + CO, + UREASE

S+E—2 3P+E

The corresponding mechanism is:

F+S Ky yEeS (/Iichaelis Menten Equation\

EeS—k2 5E+S = —r, = e
Ky + S

EeS+W—3P+E A
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Bioreactors
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Figure 7-15 (a) Schematic of cell (b) Photo of cell dividing E. coli. Courtesy of D. L.
Nelson and M. M. Cox, Lehninger Principles of Biochemistry, 3rd ed.
(New York: Worth Publishers, 2000).
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Phases of Cell Growth and Division
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Bacterial Growth

Bioreactors

Inoculum

t=0 time =2

Cells + Substrate 2> More Cells + Product




Bioreactors

a) Phases of bacteria growth:

. Lag Il. Exponential Ill. Stationary IV. Death
C.C
b) Monod growth rate law: 1, = g ——
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Bioreactors

Accumulation = [In] [Out] + [Growth] - [Death]
\Y, d;:tc = VoCop — VCo + Vr, — Vr
Let D=v,/V
dC
(1) == D(Cco _Cc)+ rg — Iy

10

dt
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Bioreactors

(1) d((;[c — D(Cco _Cc) + rg — I

(2)

Rate Laws:

C
(3) Ve = kOBS[ P s jcc

K.+ C;

@ 1G]

P

=D(Cgy —C)+rg

Cp*: Product concentration at which all metabolism ceases

/
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Bioreactors

3) Stoichiometry
A) Yield Coefficients

v mass of new cells formed Y'sc= 1
°/* " massof substrateto produce new cells Yiess
, mass of product formed

Y P/S —

mass of substrate consumed to form product

B) Maintenance

(5) mass of substrate consumed for maintainence
nm =

mass of cells- time

—I, = rgYS/C + rPYS/P +mC.
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Bioreactors

3) Stoichiometry
Rate of Substrate Consumption

I =Y g c+pY s p+MC,

Can’t separate substrate consumption used for cell
growth from that used for product formations during
exponenial growth.

g =r,Y S/C+mCC

VI (grams of substrateconsumed)
5/ (grams of cells produced)




14

Bioreactors
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\Y d;:tc =0-v,C. + (rg —T, )V (cells)
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Bioreactors

\Y dgtc =0-v,C, +(rg — T, )V (cells)
dC,
V T Vo,Cso —V,Cs + 1.V (substrate)
D = 1 = é—o (dilution rate)
T
dC
(1) dtC =-DCc + (rg B rd)
dC
(2) d’[s = D(Cso -Cs )"' I's
(3) chI:tP =DC,-r,  (product)
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Bioreactors
2) Rate Laws:
(4) Vo = Hoimax CS CCK OBS

¢ kg+C,
C n
(5) Koss :(I_C_i;j

(6) rp =Yp o,
(7) Fe = —Lg/cly —mC,
(8) vy =kpCo

3) Parameters

*

Haxs Cps My Kg, Ky Ysicr Ypicr My D, Cgq
m=v,Cc, m, =v,Cp, v, =DV, V
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Polymath Setup

1.) d(Ce)/d(t)=-D*CH(r,ry)

2.) d(Cy)/d(t)=-D*(Cq-Cy)-Y, *r,-m*C
3.) d(Cp)/d()=-D*Cp+Y, *r,

4.) rg=(((1-(Cp/ C,.,.))**0.52)*mumax*(Cy/ (K +Cg))*C,.

pstar

5.) D=0.2
6.) k,;=0.01

11.) mumax=0.33
7.) ry=k*C.

12.)Y=12.5
8.) C,=250

13.) K=1.7
9)Yp=5.6
10.) m=0.3
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Bioreactors - Chemostats - CSTRs

1. Steady State - Neglect Death Rate and Cell Maintenance

2. Cell 0=-DVC, +rV

:umaxCS
© 9 K, +C, ¢ ¢

_ Hirex Cs
K¢ +C
DK

Mgy = D

D=u

C. =




19

Bioreactors - Chemostats - CSTRs

3. Substrate 0= D[CSO —-C, }\/ +r.V

D[Cso _Cs]:_rs :YS/Crg :YS/C DCC

Ce :YC/S [Cso _CS]:YC/S Cso—
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Bioreactors - Chemostats - CSTRs

CSTR Washout
CC

" Dw

DC. =DY¢ss| Cso -

D

Washout dilution rate

C. =0

m _ VOCC _

C - DC
vV oV ¢

D, = Hrax Cs0
Ks +Cs,
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Maximum Product Flow Rate

DC.

How does this figure relate to
drinking a lot of fluids when you
have an infection or cold?

DW — “maxCSO
Ks +Cq,
Dmaxprod = M ax 1- KS
K +Cq,

D

A
u

D

maxpro

Dyy
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End of Web Lecture 16
End of Class Lecture 25




